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6XSSOHPHQW
'HDUFROOHDJXHV
,WLVDQKRQRXUDQGDSULYLOHJHWRDGGUHVV\RXDPHVVDJHLQWKH6SHFLDO6XSSOHPHQWRI7KH:RUOG-RXUQDORI%LRORJLFDO
3V\FKLDWU\ 7KLV HGLWLRQ EULQJV WR \RX DOO WKH VFLHQWLILFPDWHULDO WR EH SUHVHQWHG DQG GLVFXVVHG GXULQJ WKH WK:RUOG
&RQJUHVVRI%LRORJLFDO3V\FKLDWU\9LHQQD-XQHWK-XO\UG
)RU PRUH WKDQ WZR \HDUV WKH ,QWHUQDWLRQDO 6FLHQWLILF 3URJUDPPH &RPPLWWHH FKDLUHG E\ 3URI -HDQ3LHUUH 2OLp DQG
LQWHJUDWHGE\FROOHDJXHVDSSRLQWHGLQSUHYLRXVSDJHGHGLFDWHGDFRQWLQXRXVDWWHQWLRQWRWKHFDOOIRUDQGVHOHFWLRQRI
6\PSRVLDIRUWKHFRQJUHVV7KH6\PSRVLDLPSO\EDUHO\VHOHFWHG6SHDNHUVFRQWULEXWLQJWRWKHPRVWVLJQLILFDQW
SDUWRIWKH&RQJUHVV7RJHWKHUZLWKWKH6\PSRVLD$EVWUDFWV\RXILQGKHUHSUHVHQWHGWKH3OHQDU\/HFWXUHV3RVWHUVDQG
2UDO&RPPXQLFDWLRQV$EVWUDFWV,QWRWDOLWLVDKXJHPDWHULDOUHSUHVHQWDWLYHRIWKHFXUUHQWVWDWHRI%LRORJLFDO3V\FKLDWU\
DURXQGWKHZRUOG$VLWKDVWREHLQD:RUOG&RQJUHVVZKDWHYHULV\RXUILHOGRILQWHUHVWVRPHWKLQJUHOHYDQWZLOOWRXFK
\RX
2Q EHKDOI RI WKH:RUOG )HGHUDWLRQ RI 6RFLHWLHV RI %LRORJLFDO 3V\FKLDWU\ , KLJKO\ DFNQRZOHGJH WKH VSRQWDQHRXV DQG
LPSRUWDQWFRQWULEXWLRQJLYHQE\DOO$XWKRUVPHQWLRQHGLQWKH,QGH[6XUHO\WKH\FRQVWLWXWHWKH&RQJUHVV¶PDLQUHDVRQDQG
VKRXOGEHIDLUO\FRQJUDWXODWHG
,KRSHWKLVH[FHOOHQWPDWHULDOZLOOEHDIUXLWIXODYHQXHIRUQHZWKRXJKWVQHZDQGEHWWHUSUDFWLFHDQGDVWURQJDQGODVWLQJ
VWLPXOXVIRUFRQWLQXLQJ\RXUZRUNHLWKHULQDODERUGLUHFWO\ZLWK\RXUSDWLHQWV
(QMR\ELRORJLFDOSV\FKLDWU\
.LQGHVWUHJDUGV
&DUORV5REHUWR+RMDLM
:)6%33UHVLGHQW
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
7KDQN\RXIRUDWWHQGLQJ
:HOFRPHWRWKH:6%39LHQQDPHHWLQJSURJUDPPH
7KH,6&3LVSURXGWRRIIHU\RXWKHWRS6SHDNHUVLQWKHGLIIHUHQWWRSLFVZKLFKFDQEHRILQWHUHVW7KLVSURJUDPPHFRYHUV
DOOWKHILHOGVRIUHVHDUFKZKLFKZHDUHFXUUHQWO\SURPLVLQJRIQHZSURJUHVVLQSV\FKLDWU\7KHUHDUHPDQ\URDGVWRIXWXUH
DFFRPSOLVKPHQWVRIRXUEHWWHUFDSDFLW\WRZRUNLQFOLQLFDOILHOGVDQGDWWKHVDPHWLPHWKHDPRXQWRINQRZOHGJHYLDQHZ
WHFKQRORJLHVLVGUDPDWLFDOO\LQFUHDVLQJ
:HNLQGO\WKDQNDOOWKH6SHDNHUVZHLQYLWHGDQGZKRDFFHSWHGZLWKHQWKXVLDVPWRSDUWLFLSDWH:HDOVRWKDQNWKH1DWLRQDO
6RFLHWLHVRI%LRORJLFDO3V\FKLDWU\WKDWKDYHEHHQRXUDPEDVVDGRUVDQGHYHU\RQHZKRSURSRVHGDFRPPXQLFDWLRQ
:HJXHVVWKLV&RQJUHVVZLOOEHVXFFHVVIXOGXHWRWKHZLGHSURJUDPIURPPROHFXODUWRSV\FKRSKDUPDFRORJLFDODQGFOLQLFDO
DVSHFWVLQFOXGLQJHWKLFDOTXHVWLRQV
%RWKWKHQHZHVWWHFKQRORJLHVDQGEHWWHUDELOLWLHVWRLQGLYLGXDOLVHDQGDVVHVVFOLQLFDODVSHFWVDUHDFWLYDWLQJRXUNQRZOHGJH
DQGVNLOOVZKHQFRQIURQWLQJIDFHWRSV\FKLDWU\GLVRUGHUV
6RZKDWZHXVH WR FDOO%LRORJLFDO3V\FKLDWU\ LVPRUH DQGPRUHEHFRPLQJ H[FLWLQJ1RZDGD\V SV\FKLDWULF V\PSWRPV
FDQEHQRORQJHUFRQVLGHUHGDVRUGLQDU\SV\FKRORJLFDOUHDFWLRQVWRDEQRUPDOVLWXDWLRQVEHFDXVHZHNQRZPRUHWKHLQQHU
PHFKDQLVPVRIQRUPDODQGDEQRUPDOEHKDYLRU
:HJXHVVWKDW\RXZLOOILQGPDQ\QHZTXHVWLRQVIRU\RXUUHVHDUFKSURJUDPPHPDQ\QHZLGHDVIRUDVVHVVLQJDQGWUHDWLQJ
\RXUSDWLHQWVGXULQJWKHGLIIHUHQWVHVVLRQV:HKRSH\RXZLOOKDYHRSSRUWXQLWLHVWRFRQWDFWFROOHDJXHVZRUNLQJLQ\RXU
ILHOGRULQDUHDOPFRPSOHPHQWDU\WR\RXUV$QGZHWKLQNWKHQLFHFRQWH[WRIWKLVKLVWRULFDOFLW\9LHQQDZLOOEHFRQYHQLHQW
WRIDFLOLWDWHDFRQYLYLDODWPRVSKHUHLQRUGHUWRVWLPXODWHRXUUHTXHVWRIWKHEHVWOHYHORIVFLHQFH
-HDQ3LHUUH2OLp
&KDLUSHUVRQRIWKH:)6%3,QWHUQDWLRQDO6FLHQWLILF3URJUDPPH&RPPLWWHH
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
/PENING¬,ECTURE
2
7KH&KDOOHQJHVRI0RGHUQ3V\FKLDWU\)URP&OLQLFDO
'HVFULSWLRQWR3DWKRSK\VLRORJ\WR(WLRORJ\
1DQF\&$QGUHDVHQ
8QLYHUVLW\RI,RZD86$
3V\FKLDWU\ LQ WKHVWFHQWXU\ LV LQDVWDWHRIFULVLV$VGHPRQVWUDWHG LQD
UHFHQW:RUOG+HDOWK2UJDQL]DWLRQPRQRJUDSK ¿YH RXW RI WKH WHQ OHDGLQJ
FDXVHVRI WKHJOREDOEXUGHQRIGLVHDVHDUHPHQWDO LOOQHVVHVDW WKHSUHVHQW
WLPH:HKDYHDJURZLQJSRSXODWLRQRIDJLQJLQGLYLGXDOVDVWKHKXPDQOLIH
VSDQ OHQJWKHQVEXW WKHEUDLQEHJLQV WRGHJHQHUDWH$QGZHDOVRDSSHDU WR
KDYH DQ LQFUHDVH LQ FKLOGKRRG SV\FKLDWULF GLVRUGHUV:LWKLQ WKLV FRQWH[W
KRZHYHUWKHQXPEHURILQGLYLGXDOVZKRFKRRVHWRVSHFLDOL]HLQSV\FKLDWU\
DSSHDUVWREHGLPLQLVKLQJ7KRVHZKRFKRRVHWKLVSURIHVVLRQIDFHDSDUDGR[
LFDOFKDOOHQJH:HOLYHLQWKH*ROGHQ$JHRI1HXURVFLHQFH:HNQRZPRUH
DERXWKRZWKHEUDLQZRUNVWKDQ.UDHSHOLQRU)UHXGRU&KDUFRWPLJKWHYHU
KDYHLPDJLQHGIURPWKHOHYHORIPLQGWRWKHOHYHORIPROHFXOH3V\FKLDWU\LV
QRZVROLGO\EDVHGLQWKHVFLHQFHRIQHXURVFLHQFH<HWWKLV¿HOGLVVRULFKDQG
ODUJHWKDWIHZIXOOWLPHQHXURVFLHQWLVWVFDQNHHSXSZLWKLWOHWDORQHSUDFWLF
LQJSV\FKLDWULVWV7KLVSUHVHQWDWLRQZLOOUHYLHZWKHFKDOOHQJHVIDFLQJPRGHUQ
SV\FKLDWU\VXPPDUL]HVRPHRIWKHWKLQJVWKDWZHKDYHOHDUQHGDQGWKHWRROV
WKDWZHFDQXVHDQGRIIHUVRPHVXJJHVWLRQVDQGTXHVWLRQVIRUWKHIXWXUH
0LENARY¬,ECTURES
3
*HQH(QYLURQPHQW,QWHUDFWLRQ
3HWHU0F*XIILQ
05&6*'3&HQWUH,QVWLWXWHRI3V\FKLDWU\8.
*HQHWLFV LVHQWHULQJDJROGHQSRVWJHQRPLFHUDLQZKLFKWKHVWUXFWXUHDQG
IXQFWLRQ RI WKH HQWLUH JHQRPHZLOO HYHQWXDOO\ EH NQRZQ 7KLV KDVPDMRU
LPSOLFDWLRQV IRU FOLQLFDOPHGLFLQHDV DZKROHDQGSV\FKLDWU\ LVQRH[FHS
WLRQ+RZHYHUFRPSOH[GLVHDVHVDUHDOVRHQYLURQPHQWDOO\LQÀXHQFHGDQGLQ
FRQWUDVWWRJHQHWLFUHVHDUFKWKHUHKDVEHHQQRµHQYLURQRPH¶SURMHFW,QGHHG
WKHUHDUHQRODZVRIHQYLURQPHQWDOWUDQVPLVVLRQDQGWKHUHLVQRWKLQJOLNHD
VLPSOHWULSOHWFRGH$QRWKHULPSHGLPHQWWRIXOO\XQGHUVWDQGLQJXQGHUVWDQG
LQJWKHHQYLURQPHQWKDVEHHQWKHWUDGLWLRQDOWHQGHQF\RIVRFLDOSV\FKLDWU\WR
LJQRUHJHQHWLFVRUHYHQWRFRQVLGHUHQYLURQPHQWDOLQÀXHQFHDVLQRSSRVLWLRQ
WRJHQHWLFV5HFRJQLWLRQWKDWDQLQWHUSOD\EHWZHHQJHQHVDQGHQYLURQPHQWLV
SHUYDVLYHLQWKHSDWKRJHQHVLVRIFRPPRQSV\FKLDWULFGLVRUGHUVFDQFKDQJH
DOOWKDW7KHQHZHUDRIµEHKDYLRXUDOJHQRPLFV¶RIIHUVJUHDWHUSRWHQWLDOIRU
SURJUHVV LQ WKHXQGHUVWDQGLQJRISV\FKLDWULFGLVRUGHUV WKDQDW DQ\ WLPH LQ
KLVWRU\
3
3ULRQ,QIHFWLRQLQ1HXURSV\FKLDWU\
+HUEHUW%XGND
,QVWLWXWHRI1HXURORJ\0HGLFDO8QLYHUVLW\RI9LHQQD$XVWULD
+XPDQWUDQVPLVVLEOHVSRQJLIRUPHQFHSKDORSDWKLHV76(VRUSULRQGLVHDVHV
FRPSULVH VSRQWDQHRXVO\ RFFXUULQJ VSRUDGLF &UHXW]IHOGW-DNRE GLVHDVH
V&-' JHQHWLF IDPLOLDO &-' *HUVWPDQQ6WUlXVVOHU6FKHLQNHU GLVHDVH
IDWDO IDPLOLDO LQVRPQLDDQGDFTXLUHG LDWURJHQLF&-'YDULDQW&-'Y&-'
WUXH³SULRQ LQIHFWLRQ´GLVHDVH IRUPV$OORI WKHPPD\IHDWXUHSV\FKLDWULF
V\PSWRPVPRVWIUHTXHQWO\GXULQJWKHHDUO\FRXUVH7KLVLVSDUWLFXODUO\WUXH
IRU Y&-' LQ ZKLFK HDUO\ SV\FKLDWULF V\PSWRPV OLNH GHSUHVVLRQ DQ[LHW\
DSDWK\ZLWKGUDZDODQGGHOXVLRQVDUHFRPSOHPHQWLQJQHXURORJLFV\PSWRPV
IRU:+2VXUYHLOODQFHGLDJQRVWLFFULWHULD7KHVHGLDJQRVWLFFULWHULDFRPELQH
FOLQLFDOV\PSWRPVZLWK ODERUDWRU\H[DPLQDWLRQV OLNH WKHSURWHLQ LQ
&6)V&-'05,IHDWXUHVY&-'WRQVLOELRSV\Y&-'RUJHQHWLFWHVWLQJ
JHQHWLF76(V6XFKDGLDJQRVWLFDSSURDFKKDVEHHQVKRZQ WRKDYHKLJK
VHQVLWLYLW\DQGVSHFL¿FLW\
6LQFH Y&-' WKH UHVXOW RI KXPDQ FRQWDFWZLWK WKH ERYLQH VSRQJLIRUP HQ
FHSKDORSDWK\%6(DJHQWZDVGHVFULEHGLQWKH8.LQFDVHVKDYH
RFFXUUHGWKHUHY&-'RIOLNHO\LQGLJHQRXVRULJLQKDVDOVRRFFXUUHGLQ)UDQFH
,UHODQG,WDO\DQG6DXGL$UDELD$GGLWLRQDOVLQJOHFDVHVKDYH
EHHQUHSRUWHGLQ,UHODQGWKH86$&DQDGDDQG-DSDQEXWDUHDWWULEXWHGWR
SDVW%6(H[SRVXUHLQWKH8.
7KHUHDUHWZRPDMRULVVXHVZLWKY&-')LUVWWKHVL]HRIWKHY&-'HSLGHPLF
KDVEHHQPXFKGHEDWHG,QWKH8.WKHHSLGHPLFVHHPVWRKDYHUHDFKHGD
SHDNDQGLVQRZLQGHFOLQHVXJJHVWLQJDYHU\OLPLWHGIXWXUHVL]H,QFRQWUDVW
8. ¿HOG VWXGLHV RQ 3U3VF GHWHFWLRQ LQ VXUJLFDO O\PSKRLG WLVVXHV VXJJHVW
DW OHDVW VHYHUDO WKRXVDQGV LQIHFWHG SHRSOH 6LPLODU GDWD DUH ODFNLQJ IURP
RWKHUFRXQWULHVWKDWKDYHKDGRUVWLOOKDYHORFDORULPSRUWHG%6(LQIHFWLYLW\
WKDWPD\UHVXOWLQLQGLJHQRXVY&-'FDVHV*LYHQWKHXQFHUWDLQW\DERXWWKH
LQFXEDWLRQWLPHDQGZKHWKHUDVXEFOLQLFDOFDUULHUVWDWHH[LVWVLWLVSUHPDWXUH
WR DEDQGRQ FRQFHUQV 6HFRQG Y&-' LQIHFWHG SHUVRQV DUH OLNHO\ WR FDUU\
LQIHFWLYLW\LQWKHLUEORRGDQGRWKHURUJDQVWKDWPD\OHDGWRKXPDQWRKXPDQ
WUDQVPLVVLRQV7ZRSHUVRQVLQWKH8.DUHOLNHO\WRKDYHEHHQLQIHFWHGRQH
RIWKHPVXEFOLQLFDOZLWKWKHY&-'DJHQWE\EORRGWUDQVIXVLRQIURPGRQRUV
ZKRODWHUGHYHORSHGY&-'$VVXFKGRQRUVKDYHRFFXUUHGDQGZLOORFFXU
HOVHZKHUH LW LV DQ LPSRUWDQW FKDOOHQJH WR WKHEORRG LQGXVWU\ DQGKRVSLWDO
LQIHFWLRQFRQWURO WR WDNHDSSURSULDWHPHDVXUHV WRSUHYHQWVHFRQGDU\ WUDQV
PLVVLRQVDQGDGDSWDWLRQRIWKH%6(Y&-'DJHQWWRKXPDQNLQG
3
%UDLQ3ODVWLFLW\&KDQJLQJWKH1HXURQDO5HSHUWRLUHIRUD
+HDOWK\%UDLQ
1R$EVWUDFW5HFHLYHG
3HUU\%DUWOHWW
$XVWUDOLD
3
'HYHORSPHQWDO*HQHV7DUJHWVDQG7RROVIRU%UDLQ'LVHDVHV
DQG3ODVWLFLW\
$ODLQ3URFKLDQW]
(FROH1RUPDOH6XSpULHXUHDQG&1563DULV)UDQFH
2EMHFWLYHV+RPHRJHQHVHQFRGHWUDQVFULSWLRQIDFWRUVLQYROYHGDWHVHYHUDO
VWDJHVRIQHXURQDOGHYHORSPHQW,WLVLQWULJXLQJWDWPDQ\RIWKHPFRQWLQXH
WREHH[SUHVVHGDWODWHGHYHORSPHQWDOVWDJHVDQGWKURXJKRXWDGXOWKRRG7KH
IXQFWLRQRIWKLVODWHH[SUHVVLRQLVXQNQRZQDQGLWKDVEHHQSURSRVHGWKDWLW
SURYLGHVDPROHFXODUEDVLVIRUDGXOWSODVWLFLW\%DVHGRQWKHSURSHUW\RIKR
PHRSURWHLQVWRWUDQVIHUEHWZHHQFHOOVZHKDYHLQYHVWLJDWHGWKHSK\VLRORJLFDO
VLJQL¿FDQFHRIWKLVQHZVLJQDOOLQJPHFKDQLVPHDUO\LQGHYHORSPHQWDQGLQ
WKHDGXOW
0HWKRGV:HKDYHXVHGLQYLYRDQGLQYLWURDSSURDFKHVPROHFXODUDQGFHOO
ELRORJLFDO WRROV DVZHOO DV HOHFWURSK\VLRORJLFDO DSSURDFKHV DQGEHKDYLRXU
VWXGLHV WRGHPRQVWUDWH WKHQRQDXWRQRPRXVDFWLYLW\RIKRPHRSURWHLQVDQG
DQDO\]H VRPH RI WKH IXQFWLRQV DVVRFLDWHGZLWK KRPHRSURWHLQ LQWHUFHOOXODU
WUDQVIHU
5HVXOWV:KHQDSSOLHGLQYLWURDQGLQYLYRWKHVHWUDQVFULSWLRQIDFWRUVLQÀX
HQFHD[RQDOJXLGDQFHDQGV\QDSWLFPDWXUDWLRQ7KHLUPRGHRIDFWLRQ LVDW
WKHWUDQVFULSWLRQDQGWUDQVODWLRQOHYHO,QGHHGIROORZLQJLQWHUQDOL]DWLRQWKH
KRPHRSURWHLQVWHVWHGLQWKHGLIIHUHQWH[SHULPHQWDOSDUDGLJPVDVVRFLDWHZLWK
H,)(DQGLQLWLDWHWKHWUDQVODWLRQRIP51$VORFDOL]HGZLWKLQJURZWKFRQHV
RULQWKHV\QDSVH
&RQFOXVLRQV7KHSURGXFWVRIGHYHORSPHQWDOJHQHVDUHVWLOOFDSDEOHLQWKH
DGXOWDQGUHJXODWHIXQFWLRQVDVVRFLDWHGZLWKOHDUQLQJDQGPHPRU\
5HIHUHQFHV
3URFKLDQW] $ DQG -ROLRW $  &DQ WUDQVFULSWLRQ IDFWRUV IXQFWLRQ DV
FHOOFHOO VLJQDOLQJPROHFXOHV"1DWXUH UHYLHZV0ROHFXODU&HOO%LRORJ\ 

-ROLRW$DQG3URFKLDQW]$7UDQVGXFWLRQSHSWLGHVIURPWKHWHFKQRO
RJ\WRWKHSK\VLRORJ\EHKLQG1DWXUH&HOO%LRORJ\
&DLOOp,HWDO6ROXEOHIRUPRI$P\ORLG3UHFXUVRU3URWHLQLVDUHJXOD
WRURIDGXOWQHXURJHQHVLV'HYHORSPHQW
1pGpOHF 6 HW DO  (P[ KRPHRGRPDLQ WUDQFULSWLRQ IDFWRU LQWHUDFWV
/PENING¬¬0LENARY¬,ECTURES
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
ZLWKWKHWUDQVODWLRQLQLWLDWLRQIDFWRUH,)(LQWKHD[RQVRIROIDFWRU\VHQVRU\
QHXURQV3URF1DWO$FDG6FL
3
&XUUHQW5HVHDUFKDQG1HZ7UHQGVLQ%LSRODU'LVRUGHUV
)UHGHULFN.*RRGZLQ
*HRUJH:DVKLQJWRQ8QLYHUVLW\0HGLFDO6FKRRO
3V\FKRSKDUPDFRORJ\5HVHDUFK&HQWHU
7KH¿IWHHQ\HDUVVLQFHWKHSXEOLFDWLRQRI0DQLF'HSUHVVLYH,OOQHVV*RRG
ZLQDQG-DPLVRQKDVZLWQHVVHGDQH[SORVLRQLQUHVHDUFKLQELSRODU
GLVRUGHUVPXFKRI LW LQYROYLQJ LQWHUQDWLRQDO FROODERUDWLRQV7KLV UHVHDUFK
H[SORVLRQKDVEHHQDFURVVWKHERDUGUDQJLQJIURPJHQHWLFVDQGQHXURELRO
RJ\WRFOLQLFDOSKHQRPHQRORJ\DQGQHZWUHDWPHQWVERWKSKDUPDFRORJLFDO
DQGSV\FKRVRFLDO
)LUVW WKLV SUHVHQWDWLRQ ZLOO GLVFXVV WKH FRQFHSWXDO FKDOOHQJHV DVVRFLDWHG
ZLWK WKHHVVHQWLDOO\FURVVVHFWLRQDODSSURDFK LPSOLHGE\RXUFXUUHQWGLDJ
QRVWLF V\VWHPV HVSHFLDOO\'60,9ZKLFK E\ VHSDUDWLQJ ELSRODU GLVRUGHU
RXWDVDVHSDUDWHLOOQHVV³IURPWKHWRS´KDVJLYHQSULPDF\WRSRODULW\RYHU
UHFXUUHQFH,QGHHGDPRQJWKHGHSUHVVLYHGLVRUGHUV³UHFXUUHQW´EHFRPHVD
WHUWLDU\FDWHJRU\ZKLFK VLPSO\PHDQVPRUH WKDQRQHHSLVRGH ,QFRQWUDVW
WR WKLV UHFHQW IDPLO\DQG WZLQVWXGLHV UHLQIRUFH WKHFORVH UHODWLRQVKLSEH
WZHHQELSRODUDQGHDUO\RQVHWUHFXUUHQWXQLSRODUGHSUHVVLRQZKLFKLVPRUH
FRQVLVWHQWZLWK WKHRULJLQDO.UDHSHOLQLDQFRQFHSWRI WKHXQLW\RIUHFXUUHQW
DIIHFWLYHGLVRUGHUVXQGHUWKHUXEULFRIPDQLFGHSUHVVLYHLOOQHVVZLWKELSRODU
DVDVXEFDWHJRU\$PRQJJHQHWLFUHVHDUFKHUVWKHUHLVQRZPRUHDWWHQWLRQWR
UHFXUUHQFH DQG DJHRI RQVHW DV SKHQRW\SLF YDULDEOHVZKLFKPD\EHPRUH
XVHIXOWKDQSRODULW\DORQH
7KHSUHVHQWDWLRQZLOODOVRUHYLHZUHFHQWDGYDQFHVLQSKDUPDFRORJLFDOWUHDW
PHQWVLQFOXGLQJWZRH[FLWLQJ¿QGLQJVFRQFHUQLQJRXUROGHVWGUXJOLWKLXP
± LWV QHXURSURWHFWLYH DQG DQWLVXLFLGH HIIHFWV 6LQFH GHSUHVVLRQ UHSUHVHQWV
WKHJUHDWEXONRI WKHPRUELGLW\ DVVRFLDWHGZLWKELSRODUGLVRUGHU WKH¿QG
LQJWKDWODPRWULJLQHFDQUHGXFHUHODSVHVLQWRGHSUHVVLRQZLWKRXWDFWLYDWLQJ
PDQLDRUF\FOHVLVTXLWHLPSRUWDQWDVLVWKH¿QGLQJRIDQDSSDUHQWO\UREXVW
DFXWHDQWLGHSUHVVDQWHIIHFWRITXHLWLDSLQH&RQWURYHUV\FRQFHUQLQJWKHULVN
EHQH¿WUDWLRRIDQWLGHSUHVVDQWVLQELSRODUGLVRUGHUZLOOEHUHYLVLWHGLQOLJKW
RIUHFHQWGDWDLQFOXGLQJWKDWIURPWKH6WDQOH\1HWZRUN
0LENARY¬,ECTURES
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
3YMPOSIA
6
%LSRODU'LVRUGHU7KH3DWLHQWµV3HUVSHFWLYH
6
3DWLHQW¶V3HUVSHFWLYHRQ,PSDFWRIWKH'LVRUGHURQ4XDOLW\RI
/LIH
3DROR/XFLR0RUVHOOL
*$0,$1(XURSH)UDQFH
2EMHFWLYHV 7KH SDWLHQWV SHUVSHFWLYH LV RI VLJQL¿FDQW LPSRUWDQFH EXW
KDV RIWHQ EHHQ XQGHUYDOXHG 6XEMHFWLYH H[SHULHQFHV GHWHUPLQHZHOOEHLQJ
DQGTXDOLW\RIOLIH$UHGXFHGVRFLDOIXQFWLRQLQJLVDQDGGHGEXUGHQWRWKH
LQGLYLGXDOWKHLUIDPLOLHVDQGWRVRFLHW\7KHSUHVHQFHRIVWLJPDPD\KDYH
DVLJQL¿FDQWQHJDWLYHLPSDFWRQWKH³IXOOUHFRYHU\³RIWKHVRFLDOIXQFWLRQ
LQJ$EHWWHUNQRZOHGJHRISDWLHQW¶VSHUVSHFWLYHPD\EHYHU\LPSRUWDQWIRU
KLVKHUWUHDWPHQWDQGUHFRYHU\
0HWKRGV,QDVHOIDGPLQLVWHUHGSDWLHQW¶RSLQLRQVXUYH\FDUULHGRXWLQ
(8FRXQWULHVRQDFRKRUWRIVXIIHULQJIURPPRRGGLVRUGHUVWKHSHU
FHSWLRQRIWKHLPSDFWRILOOQHVVRQVHYHUDODVSHFWVRIWKHSDVWDQGFXUUHQWOLIH
ZDVHYDOXDWHGLQELSRODUSDWLHQWV,QWKLVUHSRUWZHVKDOOIRFXVRQWKHLU
SHUFHSWLRQVRQWKHLPSDFWRIWKHLOOQHVVRQSDVWDQGFXUUHQWOLIHVW\OH
5HVXOWVRIWKHUHVSRQGHQWGHFODUHGWKDWWKHGLVRUGHUKDGDQHJDWLYH
LPSDFWRQWKHLUHDUOLHUOLIHRIWKHUHVSRQGHQWVGHFODUHSRRUUHODWLRQ
VKLSVZLWKLQWKHIDPLO\DQGUHSRUWHGSRRUUHODWLRQVKLSVZLWKSDUWQHUV
7KHLPSDLUPHQWRIWKHUHODWLRQVKLSVZLWKLQWKHIDPLO\LVUHPDUNDEO\KLJKLQ
DOOWKHFRXQWULHV6WLJPDUHPDLQVDVHULRXVSUREOHPIRURIWKHFDVHV
DQGLPSDFWVDWDKLJKOHYHOZLWKLQWKHIDPLO\DVZHOODVDWDVRFLDO
OHYHO,QDOOFRXQWULHVWKHIDPLO\LVWKHHQYLURQPHQWLQZKLFKWKH
PDMRULW\ RI UHVSRQGHQWV H[SHULHQFH WKHLU JUHDWHVW SUREOHPV7KLV FDOOV IRU
LPSURYHGHGXFDWLRQLQIRUPDWLRQDQGXQGHUVWDQGLQJDVZHOODVIRUSV\FKR
HGXFDWLRQDOLQWHUYHQWLRQVIRUWKHIDPLO\PHPEHUVRIWKHUHVSRQGHQWV
VWDWHGWKDWWKH\ZHUHXQHPSOR\HG'LI¿FXOW\LQUHWDLQLQJRUREWDLQLQJDMRE
ZHUH PHQWLRQHG E\ 'LI¿FXOWLHV IRU QHZ FRQWDFWV ZHUH UHSRUWHG E\
ZKLOVW KDGGLI¿FXOWLHVZLWK IULHQGV  UHSRUWHGSUREOHPV
UHODWLQJWRWKHHQMR\PHQWRIOHLVXUHDFWLYLWLHV*OREDOO\DKLJKSHUFHQWDJHRI
VXEMHFWVKDGDSHUVLVWHQWSUREOHPRIVRFLDO IXQFWLRQLQJVHYHUDO\HDUVDIWHU
µVWDELOL]DWLRQ¶DQGDQDSSDUHQWVRFLDOUHLQWHJUDWLRQ
&RQFOXVLRQV 7KH FRQGLWLRQ KDV D VLJQL¿FDQW QHJDWLYH LPSDFW RQ ZRUN
UHODWHG LQWHUSHUVRQDO DQG OHLVXUH DFWLYLWLHV 7KH EXUGHQ RI %' LPSDFWV
KHDYLO\ RQ IDPLO\ /DFN RI LQIRUPDWLRQ SHUSHWXDWHVP\WKV DQG SUHMXGLFH
6SHFLDOLVWV DQG*3V VKRXOG FRQVLGHU UHFRYHU\ LQ VRFLDO IXQFWLRQLQJ DV HV
VHQWLDOIRUWKHFRPSOHWHUHFRYHU\RIDSDWLHQW7KHUHLVDUHDOQHHGIRUJUHDWHU
IRFXVRQWKHUHDODUHDVRISDWLHQWQHHGDQHQKDQFHGHGXFDWLRQLQIRUPDWLRQ
DQGDZDUHQHVVSURJUDPPHDLPHGDW%LSRODU'LVRUGHUSDWLHQWVSK\VLFLDQV
IDPLO\PHPEHUVDQGWKHSXEOLF7KLVZLOOUHGXFHFXUUHQWOHYHOVRIVWLJPDWLVD
WLRQDQGSUHMXGLFHVXUURXQGLQJWKHFRQGLWLRQZKLOVWDVVLVWLQJWKHUHLQWHJUD
WLRQ RI SDVW DQG SUHVHQW SDWLHQWV EDFN LQWR WKH FRPPXQLW\$Q LQWHJUDWHG
DSSURDFKPRUHGLDORJXHDPRQJWKHGLIIHUHQWSDUWLHVDQGDQLPSURYHPHQW
LQ³SDWLHQWFHQWHUHG´FRPPXQLW\VHUYLFHVVKRXOGKRSHIXOO\KHOSWRZDUGVD
EHWWHUSHUVSHFWLYH
5HIHUHQFHV
%UDLQ:5 7KHSK\VLRORJLFDO EDVLV RI FRQVFLRXVQHVV$ FULWLFDO UH
YLHZ%UDLQ
6
7KH3DWLHQW¶V3HUVSHFWLYH
:LOOLDP$VKGRZQ
9LFH3UHVLGHQW0RRG'LVRUGHUV6RFLHW\RI&DQDGD
2EMHFWLYHV $ EULHI SUHVHQWDWLRQ RQ VRPH FULWLFDO LVVXHV EHDULQJ RQ WKH
HYROYLQJUHODWLRQVKLSEHWZHHQSK\VLFLDQVDQGWKHLUELSRODUSDWLHQWV
$7UDQVIRUPDWLRQWKHROGGRFWRUSDWLHQWSDUDGLJPLVQRZJRQH%LSRODU
SDWLHQWVQRORQJHU¿WWKHROGUROHDVVLPSOHUHFLSLHQWVRIFDUHZLWKOLPLWHG
LQSXWLQWRWKHLUTXDOLW\RIFDUH7KHQHZSDUDGLJPLVHYROYLQJLQWRDUHODWLRQ
VKLSEDVHGRQDPRUHHTXDODQGEDODQFHGEDVLV
3DWLHQWQHHGVDUHFKDQJLQJGULYHQE\WKHODUJHUVRFLHW\DVDZKROH7KHUHLV
DQHHGIRUSDWLHQWVWREHFRPHHQJDJHGLQWKHLURZQUHFRYHU\WRKDYHVRPH
WKLQJFRQFUHWHWKDWWKH\FDQGRIRUWKHPVHOYHVWRUHGXFHWKHKHOSOHVVQHVV
DQGKRSHOHVVQHVVWKDWJRHVZLWKDGLDJQRVLVRIELSRODUGLVRUGHU
% 7KHQHZFKDOOHQJH WR OHDUQ KRZ WRZRUNZLWK SDWLHQWV LQ DFKLHYLQJ
VKDUHGJRDOV
([DPSOHVZLOOEHFLWHGVXFKDV
5HVSRQVHYHUVXVIXOOUHPLVVLRQRIV\PSWRPV
7KHHYROYLQJUROHRIVKRUWWHUPSV\FKRWKHUDS\
 7KH LQWHJUDWLRQ RI SDWLHQWOHG VXSSRUW JURXSV ZLWK RYHUDOO WUHDWPHQW
JRDOV WR SURYLGH HGXFDWLRQ VXSSRUW FRPPXQLW\ OHDGHUVKLS UROH
PRGHOOLQJDFFHVVWRVSHFL¿FJURXSVHWF
&RQFOXVLRQV%\ LPSURYLQJ WKH UHODWLRQVKLSEHWZHHQELSRODUSDWLHQWV DQG
WKHLUSK\VLFLDQVSDWLHQWRXWFRPHVFDQEHHQKDQFHG
6
(8)$0,¶V,PSDFWDQG6XSSRUWIRU)DPLO\0HPEHUVDV
&DUHUV
6LJULG6WHIIHQ
(XIDPL%HOJLXP
7KHRXWEUHDNRIDPHQWDOGLVRUGHUFDQEHDQHQRUPRXVVKRFNQRW MXVWIRU
WKRVHKLWE\WKHGLVRUGHUEXWDOVRIRUWKHLUIDPLO\PHPEHUV
/LIHSODQVDUHGHVWUR\HGIHHOLQJVRISRZHUOHVVQHVVDQGIHDUULVHHVSHFLDOO\
ZKHQ WKHUH LV QR H[SODQDWLRQ IRUZKDW LV KDSSHQLQJ DQG QR VXSSRUW IURP
RXWVLGHEHFDXVHPHQWDOGLVRUGHUVDUHDWDERRLQRXUVRFLHW\
(8)$0,LVWKH(XURSHDQ)HGHUDWLRQRI$VVRFLDWLRQVRI)DPLOLHVRI3HRSOH
ZLWK0HQWDO,OOQHVV(8)$0,VSHDNVRQEHKDOIRIRYHUKDOIDPLOOLRQIDPL
OLHVWKURXJKWKHPHPEHUVKLSRIRXUQDWLRQDORUUHJLRQDODVVRFLDWLRQV
6RPHRI(8)$0,¶VNH\SULRULWLHVDUHWRVXSSRUWIDPLO\PHPEHUVLQDQ\ZD\
SRVVLEOH WRDVVLVW WKHP LQDFTXLULQJ WRROV IRU VHOIKHOSDQG WRFRPEDW WKH
GLVFULPLQDWLRQDQGVWLJPDWKDWFRPHVZLWKPHQWDOLOOQHVV
7RIXO¿OWKRVHNH\SULRULWLHV(8)$0,RIIHUVGLIIHUHQWWUDLQLQJSURJUDPPHV
IRUIDPLO\DQGIULHQGVHJ3URVSHFWFRPSUHKHQVLYHLQIRUPDWLRQRQPHQWDO
LOOQHVVDQGPHQWDOKHDOWKVHUYLFHV
(8)$0,ZDQWVWKHEHVWVXSSRUWSRVVLEOHIURPSURIHVVLRQDOVDQGZDQWVIDP
LO\PHPEHUVWREHLQYROYHGLQWKHWUHDWPHQWSURFHVV
)XUWKHUPRUH (8)$0, SURPRWHV WKH =HUR6WLJPD FDPSDLJQ ZKLFK KHOSV
RUJDQLVDWLRQVWKURXJKRXW(XURSHWRFDPSDLJQORFDOO\XQGHURQH³XPEUHOOD´
7KLVZLOOEHPRUHHIIHFWLYH LQSURPRWLQJDSRVLWLYH LPDJHRISHRSOHZLWK
PHQWDOLOOQHVVDQGWKHLUIDPLOLHVDQGZLOOKHOSWRFRXQWHUDFWLJQRUDQFHDQG
PLVLQIRUPDWLRQ
6
7KH9DOXHRI6HOI0DQDJHPHQW6W\OH,QWHUYHQWLRQVIRU3HRSOH
/LYLQJZLWK%LSRODU'LVRUGHU
-XOLH%DUORZ
&RYHQWU\8QLYHUVLW\8.
'XULQJWKHODVWGHFDGHWKHUHKDVEHHQDJURZLQJUHFRJQLWLRQRIWKHLPSRUWDQW
UROH WKDW SDWLHQWV WKHPVHOYHV FDQ SOD\ LQ WKH GDLO\ PDQDJHPHQW RI WKHLU
FRQGLWLRQV 7KH VKLIW LQ HPSKDVLV IURP SDWHUQDOLVWLF DSSURDFKHV WRZDUGV
SDWLHQW HPSRZHUPHQW LV HYLGHQW LQ WKH LPSOHPHQWDWLRQ RI VHOIPDQDJH
PHQW LQWHUYHQWLRQV IRU FRQGLWLRQV VXFK DV DUWKULWLV DVWKPD DQG GLDEHWHV
+RZHYHUVHOIPDQDJHPHQWLQWHUYHQWLRQVDSSHDUWREHOHVVFRPPRQLQWKH
PHQWDOKHDOWKDUHQD
,QWKHFRQWH[WRIELSRODUGLVRUGHUDUHFHQW(XURSHDQVXUYH\FRQFOXGHGWKDW
WKHUHZDVDFOHDUQHHG IRUSV\FKRVRFLDO LQWHUYHQWLRQV6XUYH\SDUWLFLSDQWV
ZDQWHGWRNQRZPRUHDERXWGD\WRGD\GLVHDVHPDQDJHPHQWZD\VRIOLYLQJ
ZLWKWKHGLVRUGHUDQGZKHUHWRREWDLQSUDFWLFDODQGUHOLDEOHKHOS7KHVHLV
VXHVDUHFRQVLVWHQWZLWKWKHNH\IHDWXUHVRIDVHOIPDQDJHPHQWDSSURDFK)RU
H[DPSOHDJRRGTXDOLW\HIIHFWLYHSURJUDPPHDVVLVWVSDUWLFLSDQWVLQPDQDJ
LQJOLIHVW\OHFKDQJHVHJH[HUFLVHGLHWFRPPXQLFDWLRQZLWKIDPLO\DQG
KHDOWKSURIHVVLRQDOVDQGJRDOVHWWLQJ
7KLV SUHVHQWDWLRQZLOO GLVFXVV WKH WRSLFV WKDW FRXOG EH LQFOXGHG LQ D VHOI
PDQDJHPHQW LQWHUYHQWLRQVSHFL¿FDOO\IRUSHRSOH OLYLQJZLWKELSRODUGLVRU
GHUZLOOUHYLHZWKHHYLGHQFHIURPSXEOLVKHGOLWHUDWXUHUHJDUGLQJSRWHQWLDO
LQWHUYHQWLRQFRPSRQHQWVDQGFRQVLGHUWKHYDOXHRIVXFKDQDSSURDFK
!&&%#4)6%¬$)3/2$%23¬")0/,!2	¬¬3YMPOSIA
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6
7KH3K\VLFLDQSDWLHQW3DUWQHUVKLS$+HOSRUD+LQGUDQFH"
5RGQH\(OJLH
8.
5HFHQW UHVHDUFKRQERWK VLGHVRI WKH$WODQWLF LQGLFDWHV WKDWPLVGLDJQRVLV
RIELSRODUGLVRUGHU LVQRWRQO\RFFXULQJ IUHTXHQWO\EXWDOVR UHSHDWHGO\ ,Q
(XURSHWKHWLPHIURPRQVHWRIWKHFRQGLWLRQWRGLDJQRVLVDYHUDJHV\HDUV
%\FRPSDULVRQLQWKH86$LWLV\HDUVDQGWKHSDWLHQWVHHVRQDYHUDJH
SK\VLFLDQVEHIRUHWKHFRUUHFWGLDJQRVLVLVREWDLQHG&OHDUO\WKLVLVXQ
DFFHSWDEOHDQGUHVXOWV LQ WKHSDWLHQWHQGXULQJDSRRUTXDOLW\RI OLIHIRUDQ
LQH[FXVDEOHSHULRGDQXQQHFHVVDU\VRFLDOEXUGHQRQIDPLO\PHPEHUVDQGDQ
XQDFFHSWDEOH¿QDQFLDOEXUGHQRQQDWLRQDOKHDOWKFDUHEXGJHWV
6XUYH\VDFURVVDUDQJHRIFKURQLFFRQGLWLRQVUHYHDOWKDWRISDWLHQWVLQ
WKHWR\HDUDJHUDQJHZLVKWREHDFWLYHO\LQYROYHGLQWKHLUWUHDWPHQW
7KLV¿JXUH IDOOV WR  IRU SDWLHQWV LQ WKH WR  DJH UDQJH DQGGRZQ
WRIRUWKRVHRYHU:LWKWKHDGYHQWRIWKH,QWHUQHWDQG:RUOG:LGH
:HEESDWLHQWVDUHEHWWHULQIRUPHGWKDQHYHUEHIRUHEXWLVWKLVHPSRZHUPHQW
E\SDWLHQWSHUFHLYHGDVDKHOSRUDWKUHDWWRSK\VLFLDQV
7KLV SUHVHQWDWLRQ ZLOO GLVFXVV WKH PHULWV RI GHYHORSLQJ DQ HIIHFWLYH
SK\VLFLDQSDWLHQW SDUWQHUVKLS DQG WKH EHQH¿WV WKDW DFFUXH IURP VXFK DQ
DUUDQJHPHQW IRU ERWK SDUWLHV ZKLOVW H[SORULQJ WKH EDUULHUV WKDW FXUUHQWO\
H[LVW LQ WKH GHYHORSPHQW RI VXFK D UHODWLRQVKLS DQG KRZ WKHVHPLJKW EH
RYHUFRPH
6
'LIIHUHQW,VVXHV5HODWLQJWR(PRWLRQ3URFHVVLQJLQ
6FKL]RSKUHQLDDQG%LSRODU'LVRUGHU
6
(PRWLRQ3URFHVVLQJ'HILFLWVLQ6FKL]RSKUHQLD6H['LIIHUHQFHV
DVD.H\7R1HXURELRORJ\
5XEHQ&*XU
8QLYHUVLW\RI3HQQV\OYDQLD86$
&KULVWLDQ.RKOHU5DTXHO(*XU
5HFHQWHYLGHQFHIRUGH¿FLWVRIHPRWLRQSURFHVVLQJDQGÄVRFLDOFRJQLWLRQ³
LQVFKL]RSKUHQLDXQGHUVFRUHVWKHQHHGWRH[DPLQHQRUPDOYDULDELOLW\&RQ
VWUXFWHGGXULQJWKH3OHLVWRFHQHHSRFKKXPDQEUDLQVDUHVH[XDOO\GLPRUSKLF
LQDUHDVEHVWXQGHUVWDQGDEOHIURPWKHSHUVSHFWLYHRIDKXQWHUJDWKHUHUVRFL
HW\ZKHUHPHQKXQWHGDQGIRXJKWZKLOHZRPHQUDLVHGWKHIDPLO\7KLVKDV
LPSOLFDWLRQVIRUWKHVWUXFWXUHDQGIXQFWLRQRIHPRWLRQVDQGPD\H[SODLQVH[
GLIIHUHQFHVLQHPRWLRQSURFHVVLQJGRFXPHQWHGLQVFKL]RSKUHQLD:HSUHVHQW
GDWD RQ VH[XDO GLPRUSKLVPV LQ QHXUDO VXEVWUDWHV RI HPRWLRQ SURFHVVLQJ
DQGDEQRUPDOLWLHV LQ VFKL]RSKUHQLD IRFXVLQJRQYROXPHWULFPHDVXUHVDQG
WDVNUHODWHGDFWLYDWLRQLQDP\JGDODDQGRUELWDOIURQWDOUHJLRQV7KHVHPD\
H[SODLQVRPHRIWKHUHDVRQVIRUEHWWHURXWFRPHLQSHRSOHZLWKDQDIIHFWLYH
FRPSRQHQWWRVFKL]RSKUHQLDDQGLQZRPHQ
6
1HXUDO5HVSRQVHWR)DFLDO([SUHVVLRQVLQ%LSRODUDQG0DMRU
'HSUHVVLRQ
0DU\/3KLOOLSV
,QVWLWXWHRI3V\FKLDWU\/RQGRQ8.
1DWDOLD/DZUHQFH3DXO.HHGZHOO6LPRQ6XUJXODG]H$QGUHZ
:LOOLDPV0LFKDHO%UDPPHU
2EMHFWLYHV0RRGG\VUHJXODWLRQDQGIXQFWLRQDODEQRUPDOLWLHVLQVXEFRUWLFDO
DQGSUHIURQWDOFRUWLFDO3)&UHJLRQVLPSOLFDWHGLQWKHUHVSRQVHWRHPRWLYH
VWLPXOL DQG HPRWLRQ UHJXODWLRQ UHVSHFWLYHO\ KDYH EHHQ GHPRQVWUDWHG LQ
ELSRODUGLVRUGHU%3DQGPDMRUGHSUHVVLYHGLVRUGHU0''8VLQJI05,
ZHDLPHGWRGHWHUPLQHLIVSHFL¿FIXQFWLRQDODEQRUPDOLWLHV LQ WKHVHQHXUDO
UHJLRQV WR GLIIHUHQW FDWHJRULHV RI IDFLDO H[SUHVVLRQV GLVWLQJXLVKHG%3 DQG
0''SDWLHQWV
0HWKRGV,Q6WXG\ZHPHDVXUHGQHXUDOUHVSRQVHVWRQHXWUDOPLOGDQGLQ
WHQVHKDSS\DQGQHXWUDOPLOGDQGLQWHQVHVDGH[SUHVVLRQVLQ0''SDWLHQWV
Q  DQG KHDOWK\ FRQWUROV Q  ,Q 6WXG\  ZHPHDVXUHG QHXUDO UH
VSRQVHVWRSRVLWLYHKDSS\DQGQHJDWLYHIHDUDQGVDGYHUVXVQHXWUDOIDFLDO
H[SUHVVLRQVLQGHSUHVVHG%3Q DQG0''SDWLHQWVQ DQGKHDOWK\
FRQWUROVQ ,Q6WXG\QHXUDODQGVNLQFRQGXFWDQFHUHVSRQVHV6&5
ZHUHPHDVXUHGWRIRUPHUO\KDSS\DQGVDGPHPRULHVDQGHPRWLRQFRQJUXHQW
IDFLDOH[SUHVVLRQVLQ0''SDWLHQWVQ DQGKHDOWK\Q FRQWUROV
5HVXOWV6WXG\0''SDWLHQWVGHPRQVWUDWHGGHFUHDVHGYHQWUDOVWULDWDOUH
VSRQVHVWRIDFLDOH[SUHVVLRQVRILQFUHDVLQJKDSSLQHVVLQWHQVLW\EXWLQFUHDVHG
UHVSRQVHVLQDP\JGDODDQGKLSSRFDPSXVWRIDFLDOH[SUHVVLRQVRILQFUHDVLQJ
VDGLQWHQVLW\+HDOWK\FRQWUROVGHPRQVWUDWHGWKHRSSRVLWHSDWWHUQRIQHXUDO
UHVSRQVHWRWKHVHVWLPXOL6WXG\%3SDWLHQWVVKRZHGLQFUHDVHGVXEFRUWLFDO
UHVSRQVHVWRLQWHQVHDQGPLOGIHDUIXODQGPLOGKDSS\H[SUHVVLRQVFRPSDUHG
ZLWKFRQWUROV%RWK%3DQG0''SDWLHQWVVKRZHGDQLQFUHDVHGOHIWKLSSRF
DPSDO UHVSRQVH WRPLOG VDG H[SUHVVLRQVZKLFK FRUUHODWHG SRVLWLYHO\ZLWK
GHSUHVVLRQVHYHULW\6WXG\0''SDWLHQWVVKRZHGLQFUHDVHGPHGLDO3)&
UHVSRQVH DQG UHGXFHG6&5 WR IRUPHUO\KDSS\EXWQRW VDG VWLPXOL FRP
SDUHGZLWK FRQWUROV$QKHGRQLD SRVLWLYHO\ DQG QHJDWLYHO\ FRUUHODWHGZLWK
YHQWURPHGLDO3)&DQGVWULDWDOUHVSRQVHUHVSHFWLYHO\WRWKHKDSS\VWLPXOL
&RQFOXVLRQV:H GHPRQVWUDWH LQFUHDVHG VXEFRUWLFDO UHVSRQVHV WR VDG H[
SUHVVLRQVLQ%3DQG0''GHSUHVVLRQEXWGHSUHVVLRQLQGHSHQGHQWLQFUHDVHV
LQVXEFRUWLFDOUHVSRQVHWRSRVLWLYHDQGQHJDWLYHHPRWLRQDOVWLPXOLLQ%32XU
¿QGLQJV IXUWKHU LQGLFDWH GHFUHDVHG DXWRQRPLF DQG VXEFRUWLFDO UHVSRQVHV
DQG LQFUHDVHG UHVSRQVH LQ 3)& UHJLRQV XQGHUO\LQJ HPRWLRQ UHJXODWLRQ WR
IRUPHUO\ KDSS\ VWLPXOL LQ DQKHGRQLF 0'' SDWLHQWV )XWXUH VWXGLHV ZLOO
IXUWKHUGHWHUPLQHLIWKHVHQHXUDODEQRUPDOLWLHVGLVWLQJXLVKGHSUHVVHG0''
DQG%3SDWLHQWVDQGWKHLUSUHGLFWLYHYDOXHIRUFOLQLFDORXWFRPH
6
(PRWLRQ3URFHVVLQJDVDQ(QGRSKHQRW\SLF0HDVXUHLQ
6FKL]RSKUHQLD
5DTXHO(*XU
8QLYHUVLW\RI3HQQV\OYDQLD86$
/DXUD$OPDV\9LVKZDMLW/1LPJDRQNDU&KULVWLDQ.RKOHU
5XEHQ&*XU
2EMHFWLYHV(PRWLRQSURFHVVLQJGH¿FLWVKDYHUHFHLYHG LQFUHDVHGDWWHQWLRQ
LQHIIRUWV WRXQGHUVWDQGÀDWDIIHFWRIVFKL]RSKUHQLD0RVWVWXGLHVKRZHYHU
KDYHH[DPLQHGSDWLHQWVDQGKHDOWK\FRQWUROV7KHJRDORIRXUVWXG\ZDVWR
H[DPLQHWKHDELOLW\WRLGHQWLI\IDFLDOHPRWLRQVLQSUREDQGVZLWKVFKL]RSKUH
QLDDQGWKHLUIDPLO\PHPEHUVLQRUGHUWRHYDOXDWHLIHPRWLRQSURFHVVLQJFDQ
EHDQHQGRSKHQRW\SLFPHDVXUH
0HWKRGV:H DSSOLHG FRPSXWHUL]HG PHDVXUHV RI HPRWLRQ UHFRJQLWLRQ LQ
SUREDQGV ZLWK VFKL]RSKUHQLD DQG PHPEHUV RI WKHLU H[WHQGHG IDPLOLHV$
PXOWLJHQHUDWLRQDOPXOWLSOH[VDPSOHZDVLQFOXGHGLQWKLVFROODERUDWLYHVWXG\
3DUWLFLSDQWVYLHZHGIDFHVH[SUHVVLQJXQLYHUVDOHPRWLRQVDQGLGHQWL¿HGWKH
HPRWLRQGLVSOD\HG%RWKDFFXUDF\DQGUHDFWLRQWLPHZHUHPHDVXUHG
5HVXOWV%LYDULDWHYDULDQFHFRPSRQHQWPHWKRGV LPSOHPHQWHG LQ62/$5
GHFRPSRVHGWKHSKHQRW\SLFFRUUHODWLRQVDPRQJHPRWLRQSURFHVVLQJVFRUHV
LQWRJHQHWLFDQGHQYLURQPHQWDOFRPSRQHQWV/LNHOLKRRGUDWLRWHVWVDVVHVVHG
ZKHWKHU WKHVHFRUUHODWLRQVZHUHGLIIHUHQW IURP]HUR:HIRXQGVXEVWDQWLDO
KHULWDELOLW\IRUHPRWLRQGLVFULPLQDWLRQDQGPLQLPDOHQYLURQPHQWDOFRUUHOD
WLRQV
&RQFOXVLRQV%RWKSDWLHQWVZLWKVFKL]RSKUHQLDDQGWKHLUXQDIIHFWHGIDPLO\
PHPEHUVKDYHGH¿FLWV LQ HPRWLRQSURFHVVLQJ7KXVPHDVXUHVRI HPRWLRQ
SURFHVVLQJFDQEHXVHGDVHQGRSKHQRW\SLFPDUNHUVLQJHQHWLFVWXGLHV
5HIHUHQFHV
*XU 5& 6DUD 5 +DJHQGRRUQ00DURP2 +XJKHWW 30DF\ / 7XUQHU
7%DMFV\5*XU5( $PHWKRG IRUREWDLQLQJGLPHQVLRQDO IDFLDO
H[SUHVVLRQVDQGLWVVWDQGDUGL]DWLRQIRUXVHLQQHXURFRJQLWLYHVWXGLHV-RXUQDO
RI1HXURVFLHQFH0HWKRGV
*XU5(0F*UDWK&&KDQ506FKURHGHU/7XUQHU77XUHWVN\%,.RKOHU
&$OVRS'0DOGMLDQ-5DJODQG-'*XU5&$QI05,VWXG\RIIDFLDOHPR
WLRQ SURFHVVLQJ LQ VFKL]RSKUHQLD $PHULFDQ -RXUQDO RI 3V\FKLDWU\

.RKOHU&*7XUQHU77%LONHU:%%UHQVLQJHU&6LHJHO6-.DQHV6-*XU
5(*XU5&)DFLDOHPRWLRQUHFRJQLWLRQLQVFKL]RSKUHQLD,QWHQVLW\
HIIHFWVDQGHUURUSDWWHUQ$PHULFDQ-RXUQDORI3V\FKLDWU\

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3HUFHSWLRQDQG([SUHVVLRQRI8QLYHUVDO(PRWLRQVLQ6WDEOH
6FKL]RSKUHQLDDQG%LSRODU'LVRUGHU
&KULVWLDQ*.RKOHU
8QLYHUVLW\RI3HQQV\OYDQLD86$
5DTXHO(*XU5DJLQL9HUPD/DV]OR*\XODL5XEHQ&*XU
2EMHFWLYHV ,PSDLUHG SURFHVVLQJ RI HPRWLRQV KDV ORQJ EHHQ GHVFULEHG LQ
VFKL]RSKUHQLD DQGPRUH UHFHQWO\ LQ ELSRODU GLVRUGHU3URFHVVLQJRI HPR
WLRQV WKURXJK IDFLDO FKDQQHOV UHSUHVHQW LPSRUWDQWPRGDOLWLHV RI QRQYHUEDO
FRPPXQLFDWLRQ7KHVHDELOLWLHVPD\LQÀXHQFHSV\FKRVRFLDOIXQFWLRQLQJDQG
UHLQWHJUDWLRQRQFHDFXWHV\PSWRPVVWDELOL]H
0HWKRGV:H SUHVHQW GDWD RQ UHFRJQLWLRQ DQG H[SUHVVLRQ RI HPRWLRQV LQ
SHUVRQVZLWKVFKL]RSKUHQLDDQGELSRODUGLVRUGHUDQGKHDOWK\FRQWUROV(PR
WLRQUHFRJQLWLRQLVH[DPLQHGZLWKWHVWVRIFRJQLWLRQRIXQLYHUVDOHPRWLRQV
HPRWLRQH[SUHVVLRQLVH[DPLQHGE\HPSOR\LQJWKHHVWDEOLVKHGIDFLDODFWLRQ
FRGLQJV\VWHPE\(NPDQDQGQRYHODXWRPDWHGFRPSXWHUL]HGPHWKRGV
5HVXOWV3DWLHQWVJURXSVGLIIHULQSURFHVVLQJRIVSHFL¿FHPRWLRQVDQGHUURU
SDWWHUQV 6FKL]RSKUHQLD VXEMHFWV SHUIRUP PRUH SRRUO\ RQ UHFRJQLWLRQ RI
HPRWLRQV LQ SDUWLFXODU UHFRJQLWLRQ RI IHDU ZKLOH ELSRODU VXEMHFWV H[KLELW
GLI¿FXOWLHV UHFRJQL]LQJQHXWUDOH[SUHVVLRQV&RPSDULVRQRI IDFLDOHPRWLRQ
H[SUHVVLRQVEHWZHHQWKHWZRJURXSVDUHSUHVHQWHG
&RQFOXVLRQV7KHVH¿QGLQJVDUHGLVFXVVHGLQOLJKWRIDWWHPSWVWRGLIIHUHQWL
DWH EUDLQ SURFHVVLQJ LQ VFKL]RSKUHQLD DQG ELSRODU GLVRUGHU DQG HIIRUWV WR
UHPHGLDWHHPRWLRQSURFHVVLQJDQGLPSURYHIXQFWLRQDORXWFRPH
6
7UHDWPHQWRI&RJQLWLRQDQG$IIHFWLQ6FKL]RSKUHQLD
*DEULHOH6DFKV
0HGLFDO8QLYHUVLW\RI9LHQQD'HSDUWPHQWRI3V\FKLDWU\,QVWLWXWH
IRU0HGLFDO3K\VLFV9LHQQD$XVWULD
6LPRQ5RELQVRQ%HUQDGHWWH:LQNOEDXU+HLQ].DWVFKQLJ
2EMHFWLYHV$Q LQFUHDVLQJQXPEHURI WUHDWPHQWVWXGLHV IRFXVRQ LPSDLUHG
FRJQLWLYH DQG HPRWLRQ SURFHVVLQJ LQ VFKL]RSKUHQLD ,PDJLQJ VWXGLHV VXJ
JHVW WKHSUHVHQFHRIG\VIXQFWLRQV LQ WHPSRUROLPELFSUHIURQWDOFLUFXLWVDQG
WKHLULQWHUDFWLRQZLWKVXEFRUWLFDOUHJLRQVZLWKSDUWLFXODULQYROYHPHQWRIWKH
GRSDPLQHUJLFV\VWHP,QVWXG\ZHHYDOXDWHG%2/'UHVSRQVHZLWKI05,
GXULQJIDFLDOHPRWLRQSURFHVVLQJLQVFKL]RSKUHQLDSDWLHQWVWUHDWHGZLWKQHZ
DQWLSV\FKRWLFV7KHVWXG\ZDVFDUULHGRXWLQRUGHUWRHYDOXDWHZKHWKHUD
FRPELQDWLRQRIQHZDQWLSV\FKRWLFVZLWKDVSHFL¿FVRFLDO WUDLQLQJSURJUDP
ZDVPRUHHIIHFWLYHWKDQQHZDQWLSV\FKRWLFVDORQH
0HWKRGV,QWKH¿UVWVWXG\SDWLHQWVZLWKVFKL]RSKUHQLDQ DQGPDWFKHG
KHDOWK\ FRQWUROV Q    YLHZHG IDFLDO GLVSOD\V RI HPRWLRQV )05,ZDV
XVHGWRPHDVXUH%2/'VLJQDOFKDQJHVDVSDWLHQWVDOWHUQDWHGEHWZHHQWDVNV
UHTXLULQJGLVFULPLQDWLRQRIHPRWLRQDOYDOHQFHRIIDFHVDQGDJH,QWKHVHF
RQGVWXG\VFKL]RSKUHQLFSDWLHQWVQ ZHUHFRPSDUHGZLWKDUDQGRPL]HG
FRQWUROJURXSQ RISDWLHQWVLQDFRPSXWHUEDVHGVRFLDOFRJQLWLRQWUDLQ
LQJSURJUDP&RJSDFNDQG7$'XVLQJDVSHFLDOVHULHVGHDOLQJZLWKVNLOOV
UHTXLUHGLQGDLO\OLIH
5HVXOWV,QVWXG\WKHVDPHDFWLYDWLRQSDWWHUQVLQWKHDP\JGDODDQGLQWKH
IXVLIRUP J\UXV ZHUH DSSDUHQW LQ VFKL]RSKUHQLF SDWLHQWV WUHDWHG ZLWK QHZ
DQWLSV\FKRWLFVDQGKHDOWK\FRQWUROV,QVWXG\WKHVRFLDOFRJQLWLRQWUDLQLQJ
JURXSUHYHDOHGVLJQL¿FDQWLPSURYHPHQWVLQFRJQLWLYHIXQFWLRQVDQGWUDQVIHU
HIIHFWVLQVNLOOVQHHGHGIRUGDLO\OLIH
&RQFOXVLRQV0RGHUQDQWLSV\FKRWLFVPD\LPSURYHWKHIXQFWLRQDOLW\RIWKH
QHWZRUNV QHHGHG IRU HPRWLRQ SURFHVVLQJ DQG FRJQLWLRQ 6RFLDO FRJQLWLRQ
WUDLQLQJLQFRPELQDWLRQZLWKQHZDQWLSV\FKRWLFVLVDQLPSRUWDQWWUHDWPHQW
WHFKQLTXHIRULPSURYLQJVRFLDOIXQFWLRQLQJUHOHYDQWIRUUHKDELOLWDWLRQ
6
(OHPHQWVRI6XFFHVVIXO/RQJWHUP7UHDWPHQWRI%LSRODU
'LVRUGHU
6
&RXUVHRI%LSRODU'LVRUGHUV
-XOHV$QJVW
=XULFK8QLYHUVLW\3V\FKLDWULF+RVSLWDO6ZLW]HUODQG
)HOL[$QJVW5HJLQD*HUEHU:HUGHU$OH[*DPPD/DUV.HVVLQJ
%DFNJURXQGORQJWHUPPHGLFDWLRQRIELSRODUGLVRUGHUVKDVWREDVHRQWKHLU
OLIHORQJQDWXUDOKLVWRU\RIUHFXUUHQFHDQGVXLFLGHULVN
0HWKRGV ,Q ZH VWDUWHG D VWXG\ RQ WKH FRXUVH RI  SDWLHQWVZLWK
PRRG GLVRUGHUV IROORZHG WKHP FOLQLFDOO\ HYHU\¿YH \HDUV XQWLO  DQG
DGGHG WKH FDXVHV RI GHDWK XQWLO 7KH FRXUVH SULRU WR DGPLVVLRQZDV
WDNHQLQWRDFFRXQW7KH¿QDOGLDJQRVHVFRPSULVHGSUHSRQGHUDQWO\PDQLF
FDVHV
00GELSRODUFDVHV0'ELSRODU,,FDVHV'PDQGPDMRU
GHSUHVVLYHV'6WDWLVWLFDOPHWKRGVXVHGZHUHVXUYLYDODQDO\VHVFXPXODWLYH
ULVNDQDO\VHVDQGIUDLOW\PRGHOV
5HVXOWV'LDJQRVWLFFKDQJHVLQRISDWLHQWVZKRVH¿UVW
HSLVRGHVWDUWHGDVGHSUHVVLRQGHSUHVVLRQWXUQHGODWHULQWRELSRODUGLVRUGHU
6XUYLYDODQDO\VHVGHPRQVWUDWHGDFRQVWDQWULVNRIGLDJQRVWLFFRQYHUVLRQRI
DERXWSHU\HDURIREVHUYDWLRQ'HSUHVVLRQ LQPHQGHYHORSHGPRUH
LQWR%3,DQGLQZRPHQLQWR%3,,GLVRUGHUV$QJVWHWDOLQSULQW
5HFXUUHQFHGHSHQGLQJRQ WKH VWDWLVWLFDOPHWKRG WKH ULVNRIGHYHORSLQJ
QHZHSLVRGHVZDVDOVRFRQVWDQWRUHYHQZRUVHQHGRYHUGHFDGHV $QJVWHW
DO7KHLQGLYLGXDOUDWHRIUHFXUUHQFHZDVIRXQGWRLQFUHDVHZLWKWKH
QXPEHU RI HSLVRGHV HYHQZKHQ WKH HIIHFWZDV DGMXVWHG IRU WKH LQGLYLGXDO
IUDLOW\WRZDUGUHFXUUHQFH.HVVLQJHWDO+LJKUHFXUUHQFHULVNVZHUH
IRXQGIRU'PDQG0'GLVRUGHUVZKHUHDVGHSUHVVLYHVDQGPDQLFV00G
KDGIHZHUUHFXUUHQFHV
6XLFLGHV0RVWVXLFLGHVRFFXUUHGZLWKLQWKH¿UVW¿YH\HDUVRIWKHIROORZ
XS WKH ULVNGHFUHDVHGRYHU WLPH7KH VXLFLGH ULVNZDVKLJKHVW LQSDWLHQWV
ZLWKGHSUHVVLRQDQGORZHVWLQWKHPDQLFJURXS'!'P!0'!00G
&RQFOXVLRQV6WXGLHVRQPDMRUGHSUHVVLRQZLWKRXWDORQJIROORZXSPD\EH
GHDOLQJZLWKXS WRKLGGHQELSRODUV6XEJURXSVRIDIIHFWLYHGLVRUGHUV
GLIIHUFRQVLGHUDEO\LQWKHLUUHFXUUHQFHDQGVXLFLGHULVNVEXWDOORIWKHPWDNHD
UHFXUUHQWFRXUVHZKLFKLQFUHDVHVZLWKWKHQXPEHURIHSLVRGHV3URSK\ODFWLF
PHGLFDWLRQLVLQGLFDWHGOLIHORQJ
5HIHUHQFHV
$QJVW -$*DPPDHW DO 'LDJQRVWLF FRQYHUVLRQ IURPGHSUHVVLRQ
WR ELSRODU GLVRUGHUV5HVXOWV RI D ORQJWHUP SURVSHFWLYH VWXG\ RI KRVSLWDO
DGPLVVLRQV-RXUQDORI$IIHFWLYH'LVRUGHULQSULQW
$QJVW -$*DPPD HW DO  Ä5HFXUUHQFH RI ELSRODU GLVRUGHUV DQG
PDMRUGHSUHVVLRQ$OLIHORQJSHUVSHFWLYH³(XU$UFK3V\FKLDWU\&OLQ1HX
URVFL
.HVVLQJ / 9 0 * +DQVHQ HW DO  Ä7KH SUHGLFWLYH HIIHFW RI
HSLVRGHVRQ WKH ULVNRI UHFXUUHQFH LQGHSUHVVLYH DQGELSRODU GLVRUGHUV  D
OLIHORQJSHUVSHFWLYH³$FWD3V\FKLDWU6FDQG
6
7KH)DLOXUHRI/LWKLXP7UHDWPHQWLQWKH3URSK\OD[LVRI
%LSRODU'LVRUGHUV
/HRQDUGR7RQGR
'HSDUWPHQWRI3V\FKRORJ\8QLYHUVLWj&DJOLDUL/HFWXUHU+DUYDUG
0HGLFDO6FKRRO0F/HDQ+RVSLWDO86$
%DVHGRQFRQWUROOHGDQGRSHQVWXGLHV WKH WUHDWPHQWZLWK OLWKLXPVDOWV IRU
WKHSUHYHQWLRQRIUHODSVHVLQPDQLFGHSUHVVLYHSDWLHQWVSURYHVHIIHFWLYHLQ
 WR  RI FDVHV %HVLGHV WKH YDULDELOLW\ RI SDWLHQWV LQFOXGHG LQ WKH
YDULRXVVWXGLHVGLI¿FXOW\LQDVFHUWDLQLQJPRUHVSHFL¿FUHVXOWVLVDVVRFLDWHG
WRWKHPHWKRGRORJ\XVHGWRGHWHUPLQHWKHHIIHFWLYHQHVVRIOLWKLXP6WXGLHV
RQ WKLV WRSLF XVH VHYHUDO W\SLFDO DVVHVVPHQWPHWKRGV VXFK DV FRPSDULQJ
WKH WLPH LQWHUYDO IURP WKH VWDUWRI WUHDWPHQW WR WKH¿UVW UHODSVHZKLOH VWLOO
LQ WKHUDS\ XVXDOO\ E\ H[DPLQLQJ VXUYLYDO FXUYHV7KLVPHWKRG LV HOHJDQW
DQGYHU\XVHIXOEXWLVXVHGPRUHRIWHQWRFRPSDUHWUHDWPHQWZLWKOLWKLXPWR
RWKHUFRPPRQWUHDWPHQWV0RUHRYHUWKLVDVVHVVPHQWPHWKRGLVQRWVXLWDEOH
IRUUHODSVHVWXGLHVWKDW LQFOXGHUDSLGF\FOHUVZKRVHSUREDELOLW\RIUHODSVH
!&&%#4)6%¬$)3/2$%23¬")0/,!2	¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
LV YHU\KLJK8OWLPDWHO\ WKH¿UVW UHODSVH IURP WKH VWDUW RI WUHDWPHQW LV RI
OLPLWHGFOLQLFDOYDOXH2WKHUWHFKQLTXHVDOVRLQFOXGHWKHVWXG\RIPRUELGLW\
UDWHVVXFKDVWKHDVVHVVPHQWRIWKHQXPEHURIHSLVRGHVEHIRUHDQGGXULQJ
WUHDWPHQWLQFOXGLQJERWKHSLVRGHOHQJWKDQGSRODULW\W\SH,QDGGLWLRQVXFK
DVVHVVPHQWPHWKRGVDOVRWDNHDFFRXQWRIWKHOHQJWKRIWLPHSDWLHQWVVXIIHU
PDQLFRUGHSUHVVLYHHSLVRGHVSHUFHQWDJHRI LOOQHVVDOZD\VLQUHODWLRQWR
XQLQWHUUXSWHG WUHDWPHQWV 7KLV LQGH[ LV RIWHQ FDWHJRUL]HG LQ SHUFHQWDJHV
DERYHRU EHORZRI LOOQHVV WLPH LQ RUGHU WR GHWHUPLQHZKLFK SDWLHQWV
UHVSRQGIDYRUDEO\RUQHJDWLYHO\UHVSHFWLYHO\WRWKHWUHDWPHQW&RPSDULVRQV
FDQEHUHODWHG WRHTXDOSHULRGVRI WLPHEHIRUHRUGXULQJ WUHDWPHQW PLUURU
VWXGLHV:KDW¶VPRUHLWKDVDOVREHHQSURSRVHGWRWDNHLQWRFRQVLGHUDWLRQ
WKHSHUFHQWDJHVRISDWLHQWVZKRKDYHDQRSWLPDOUHVSRQVHWRWUHDWPHQWWKDW
LVWKRVHSDWLHQWVZKRVXIIHUQRUHODSVHVZKLOHXQGHUJRLQJWUHDWPHQW2QWKH
EDVLVRIDYDLODEOHVFLHQWL¿FVWXGLHVSDWLHQWVZKRGRQRWUHVSRQGVDWLVIDFWR
ULO\WRWUHDWPHQWZLWKOLWKLXPFDQEHIXUWKHUGLYLGHGLQWRJURXSVDFFRUGLQJWR
WKUHHFULWHULDV\PSWRPRORJ\FRXUVHDQGFRQFRPLWDQWGLDJQRVHV,QFOXGHG
LQWKH¿UVWJURXSDUHSDWLHQWVZKRSUHVHQWV\PSWRPVRISV\FKRVLVRUPL[HG
V\PSWRPVSUHVHQWLQWKHVDPHSDWLHQWRUGXULQJWKHVDPHSHULRGRIV\PS
WRPV ZKHWKHU PDQLF RU GHSUHVVLYH LQ WKH VHFRQG JURXS UDSLGF\FOHUV
ZLWKD'HSUHVVLRQ+\SRPDQLD,QWHUYDOFRXUVHVHTXHQFHDVZHOODV WKRVH
SDWLHQWVZLWKFKURQLFFRXUVH ,QFOXGHG LQ WKH WKLUGJURXSDUHSDWLHQWVZKR
VKRZ V\PSWRPV RI FRPRUELGLW\ XVXDOO\ VXEVWDQFH DEXVH GLVRUGHUV (YHQ
PRUH FRQWURYHUVLDO DUH WKH REVHUYDWLRQV FRQFHUQLQJ ORZ UHVSRQVH UDWHV WR
OLWKLXPLQSDWLHQWVZKRKDYHEHHQVWXGLHGIROORZLQJDQLQWHUUXSWLRQLQWUHDW
PHQWDQGIRUWKRVHZKRVWDUWHGWUHDWPHQWDIWHUDORQJSHULRGRIULVNRILOOQHVV
WLPHIURPRXWVHWWR¿UVWORQJWHUPWUHDWPHQWZLWKRXWVWDELOL]LQJWUHDWPHQWV
DQG¿QDOO\IRUWUHDWPHQWVFDUULHGRXWDWYDULRXVWLPHVXSWRWKHLQWURGXFWLRQ
RIOLWKLXPDVDSURSK\ODFWLFWUHDWPHQW)LQDOO\GDWDDUHSURYLGHGRQOLWKLXP
WUHDWPHQWZLWKDFRKRUWRISDWLHQWVZKRKDYHEHHQIROORZHGDW&HQWUR/XFLR
%LQLLQ&DJOLDULIRUWR\HDUV
6
1R$EVWUDFW5HFHLYHG
5REHUW3RVW
6ZLW]HUODQG
6
1HZ$SSURDFKHV)RU7KH7UHDWPHQW2I$IIHFWLYH'LVRUGHUV
6
$JPDWLQH$1RYHO1HXURPRGXODWRU5HOHYDQWWR3V\FKLDWU\
$QJHORV+DODULV
/R\ROD8QLYHUVLW\0HGLFDO&HQWHU86$
2EMHFWLYHV 7KLV SUHVHQWDWLRQ ZLOO IRFXV RQ DJPDWLQH LQ WKH EUDLQ DV LW
UHODWHVWRWKHQHXURELRORJ\RIDIIHFWLYHLOOQHVV$JPDWLQHLVDQHXURWUDQVPLW
WHU RU QHXURPRGXODWRU RI UHOHYDQFH WR DIIHFWLYH GLVRUGHUV DGGLFWLRQ SDLQ
DQGQHXURSURWHFWLRQ$JPDWLQHLVV\QWKHVL]HGE\DUJLQLQHGHFDUER[\ODVHLQ
DVWURF\WHVDFFXPXODWHGE\VHOHFWLYHXSWDNHLQWRQHXURQVVWRUHGLQV\QDSWLF
YHVLFOHVUHOHDVHGE\GHSRODUL]DWLRQDQGLQDFWLYDWHGE\DJPDWLQDVH$YDUL
HW\RIUHFHSWRUVKDYHDI¿QLW\IRUDJPDWLQHLQFOXGLQJĮDGUHQRFHSWRUVDQG
LPLGD]ROLQHUHFHSWRUV$FWLRQVRIDJPDWLQHKDYHEHHQOLQNHGWREORFNDGHRI
WKH10'$UHFHSWRUFKDQQHORUWRLUUHYHUVLEOHLQKLELWLRQRIQHXURQDOQLWULF
R[LGHV\QWKDVH
0HWKRGV:HKDYHGHYHORSHGD+3/&PHWKRGWRPHDVXUHDJPDWLQHLQKX
PDQEORRGDQGKDYHVWXGLHGGHSUHVVHGSDWLHQWVEHIRUHDQGDIWHU WUHDWPHQW
ZLWKYHQODID[LQH
5HVXOWV:HKDYHIRXQGFRQVLVWHQWHOHYDWLRQVLQSODVPDDJPDWLQHFRQFHQWUD
WLRQV DW EDVHOLQH )ROORZLQJ WUHDWPHQW DJPDWLQH OHYHOV GHFOLQHG GUDPDWL
FDOO\
&RQFOXVLRQV+\SHUFRUWLVROHPLDLQGHSUHVVLRQLVEHOLHYHGWREHQHXURWR[LF
OHDGLQJ WR KLSSRFDPSDO GDPDJH DQG GHFUHDVHG KLSSRFDPSDO YROXPH $
SURWHFWLYHUHVSRQVHRIJOLDFHOOVWRQHXURWR[LFLW\LVHQKDQFHPHQWRIDUJLQLQH
GHFDUER[\ODWLRQ7KXVHOHYDWHGDJPDWLQHLQGHSUHVVLRQPLJKWEHDQHXUR
SURWHFWLYH UHVSRQVH DJDLQVW H[FLWRQHXURWR[LFLW\ XQGHU SURORQJHG VWUHVV
([RJHQRXVO\DGPLQLVWHUHGDJPDWLQHRUHQKDQFHPHQWRIDJPDWLQHUJLFWUDQV
PLVVLRQZLWKRWKHUSKDUPDFRORJLFDODSSURDFKHVPLJKWEHXVHIXOIRUWUHDWLQJ
FHUWDLQDVSHFWVRIWKHGHSUHVVLYHV\QGURPHVXFKDVFRJQLWLYHGHFOLQH
5HIHUHQFHV
+DODULV$DQG3LOHW]-5HOHYDQFHRILPLGD]ROLQHUHFHSWRUVDQGDJPD
WLQHWRSV\FKLDWU\,Q3LOHW]-5HJXQDWKDQ6(UQVEHUJHU3HGV$QQDOVRI
WKH1HZ<RUN$FDGHP\RI6FLHQFHV1HZ<RUNYROSS
6
1HZ&RQFHSWV$ERXW7KH7UHDWPHQWRI%LSRODU'HSUHVVLRQ
-RVp/XLV$\XVR*XWLpUUH]
8QLYHUVLGDG&RPSOXWHQVH0DGULG6SDLQ
8QWLO UHFHQWO\ WKHUHZHUH YHU\ IHZ UDQGRPL]HG FRQWUROOHG WULDOV RIPRRG
VWDELOL]HUVRUDQWLGHSUHVVDQWV LQ WKHDFXWH WUHDWPHQWRIELSRODUGHSUHVVLRQ
$ QXPEHU RI QHZ FOLQLFDO WULDOV KDYH SURYLGHG VLJQL¿FDQW GDWD UHJDUGLQJ
WKHHI¿FDF\DQGGLVDGYDQWDJHVRIWKHSKDUPDFRORJLFDOWUHDWPHQWRIELSRODU
GHSUHVVLRQ
2EMHFWLYHV 7KH DLP RI WKLV UHYLHZ LV WR EULQJ WRJHWKHU WKH DSSURSULDWH
SKDUPDFRORJLFDO WUHDWPHQWV RI ELSRODU GHSUHVVLRQ IURP VFLHQWL¿FDOO\ZHOO
GHVLJQHGFRQWUROOHGVWXGLHV,QRUGHUWRDFKLHYHWKLVDLPZHFRQGXFWHGXSWR
$SULODFRPSXWDUL]HGOLWHUDWXUHVHDUFKRIWKH0('/,1(DVZHOODVWKH
DEVWUDFWVRIUHFHQWNH\FRQIHUHQFHV
5HVXOWV
%LSRODUGHSUHVVLRQSRVHVXQLTXHWUHDWPHQWFKDOOHQJHVIRUFOLQLFLDQV
$QWLGHSUHVVDQWVFDQ LQGXFHPRRGGHVWDELOL]DWLRQ LQFUHDVLQJ WKH ULVNRI
DFXWHPDQLFVZLWFKDQGF\FOHDFHOHUDWLRQ7KH\VKRXOGJHQHUDOO\EHUHVHUYHG
IRUVHYHUHFDVHVRIDFXWHELSRODUGHSUHVVLRQWKDWSHUVLVWGHVSLWHRSWLPL]DWLRQ
RIPRRGVWDELOL]HUVDQGVKRXOGEHGLVFRQWLQXDWHGDIWHUUHFRYHU\
0RRGVWDELOL]HUVDUHWKHFRUQHUVWRQHRIWKHUDS\7KHHYLGHQFHIURPVHY
HUDOVWXGLHVVXSSRUWVWKHHI¿FDF\RIOLWKLXPDQGODPRWULJLQHLQWKHWUHDWPHQW
RIDFXWHELSRODUGHSUHVVVLRQ
$W\SLFDODQWLSV\FKRWLFVDUHSURPLVLQJGUXJVEXWHYLGHQFHRIWKHHI¿FDF\
LVFOHDUO\QHHGHG
&RQWUROOHG WULDOVFRPSDULQJVSHFL¿FWUHDWPHQWVSDUWLFXODUO\ WRFRPSDUH
PRRGVWDELOL]LQJ DJHQWV DORQH DQG FRPELQHG ZLWK DQ DQWLGHSUHVVDQW DUH
QHHGHG
6
7UHDWPHQWRI'HSUHVVLRQLQWKH(OGHUO\
0LFKHO%RXULQ
($1HXURELRORJ\RIDQ[LHW\DQGGHSUHVVLRQ)UDQFH
0DMRUGHSUHVVLRQ LVDFRPPRQVHULRXVDQGSRWHQWLDOO\ OLIHWKUHDWHQLQJ LOO
QHVVLQWKHHGHUO\ZLWKRUZLWKRXWGHPHQWLD7KHSUHYDOHQFHRIGHSUHVVLRQ
DQGGHPHQWLDLQWKHDJHJURXSRYHULVDQGUHVSHFWLYHO\'XULQJ
$O]KHLPHU¶V GLVHDVH  RI SDWLHQWV SUHVHQW ZLWKPLOG DQG WRPRGHUDWH
GHSUHVVLRQ2QWKHRWKHUKDQGRISDWLHQWV\HDUVROGSUHVHQWLQJZLWK
D¿UVWHSLVRGHRIGHSUHVVLRQZRXOGEHGHYHORSLQJDQ$O]KHLPHUGLVHDVHIHZ
PRQWKVODWHU
7KHUHDUHIHZFOLQLFDOWULDOVVWXG\LQJWKHHI¿FDF\RIDQWLGHSUHVVDQWVLQWKH
HOGHUO\RYHU\HDUVROG)HZVWXGLHVVKRZHGWKHHI¿FDF\RIQRUWULSW\OLQH
DQGGR[HSLQHFRPSDUHGWRDSODFHEREXWWKHSDWLHQWVVDPSOHVDUHYHU\VPDOO
0RVW RI WKH VWXGLHV DUH FRPSDUDWLYHEHWZHHQ WZRDQWLGHSUHVVDQWVZLWKRXW
FRPSDULVRQRI SODFHER DQG WKH DYHUDJH DJHRI WKHSDWLHQWV DUH DURXQG
RUZLWKDORWRISDWLHQWVDURXQGHYHQLIVRPHSDWLHQWVDUHPRUHWKDQ
ROG
7KH665,VKDYHRQO\FRPSDUDWLYHVWXGLHVZLWKRXWSODFHERH[FHSWRQHZLWK
VHUWUDOLQH6RWKHUHDUHQRWSUREHVRI WKHLUHI¿FDF\LQHOGHUO\SDWLHQWVSUH
VHQWLQJZLWKPDMRUGHSUHVVLRQ
7KH5,0$ 0$2,$ VSHFL¿FPRFOREHPLGH VKRZ HI¿FDF\ LQ HOGHUO\ SD
WLHQWVSUHVHQWLQJZLWKGHSUHVVLRQ
$VGHSUHVVLRQ LVPDLQO\DW\SLFDO LQ WKHHOGHUO\ LW VHHPVRI LQWHUHVW WRXVH
0$2LQKLELWRUVDVLWZDVVXJJHVWHG\HDUVDJRLQDW\SLFDOGHSUHVVLRQRI
WKH\RXQJDGXOW7ZRSUHFOLQLFDO VWXGLHVXVLQJROGPLFH XS WRPRQWKV
VKRZQWKDW665,VZHUHQRWDFWLYHRQWKH)67LQROGPLFHEXWEXSURSLRQDQG
PRFOREHPLGHZHUH,WVHHPVLPSRUWDQWWRKDYHPRUHVWXGLHVLQWKHHOGHUO\
RYHUWRFRQFOXGHRQWKHHI¿FDF\RIVHYHUDODQWLGHSUHVVDQWV
!&&%#4)6%¬$)3/2$%23¬")0/,!2	¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
7KH&LQJXODWH&RUWH[,Q%LSRODU'LVRUGHU
6
1R$EVWUDFW5HFHLYHG
'DYLG&RWWHU
8.
6
)XQFWLRQDO,QWHJULW\RI1HXUDO1HWZRUNV8QGHUO\LQJ&RJQLWLYH
&RQWUROLQ%LSRODU$IIHFWLYH'LVRUGHU
2OLYHU*UXEHU
'HSDUWPHQWRI3V\FKLDWU\6DDUODQG8QLYHUVLW\+RVSLWDO+RPEXUJ
6DDU*HUPDQ\
(YD*UXEHU0LFKDHOD*ODHVQHU(YD0DULD%HFNHU3HWHU)DONDL
2EMHFWLYHV5HFHQWHYLGHQFHVXJJHVWVWKDWGH¿FLWVRIZRUNLQJPHPRU\DQG
H[HFXWLYH IXQFWLRQV PD\ EH FDQGLGDWH QHXURFRJQLWLYH HQGRSKHQRW\SHV RI
ELSRODUDIIHFWLYHGLVRUGHU+RZHYHUSUHYLRXVVWXGLHVZKLFKLQYHVWLJDWHG
WKH SUHVHQFH RU DEVHQFH RI VSHFL¿F GH¿FLWV LQ WKHVH FRJQLWLYH GRPDLQV LQ
ELSRODUSDWLHQWVVKRZHGUDWKHULQFRQVLVWHQWUHVXOWV2QHSRVVLEOHUHDVRQ
IRUWKHVHGLVFUHSDQFLHVPD\EHDORZVSHFL¿FLW\RIWKHQHXURSV\FKRORJLFDO
WHVWVDSSOLHG+HQFHLQWKHSUHVHQWVWXGLHVZHOOGLIIHUHQWLDWHGH[SHULPHQWDO
WDVNVZHUHXVHGLQRUGHUWRDVVHVVVSHFL¿FFRPSRQHQWVRIH[HFXWLYHFRQWURO
LQELSRODUSDWLHQWV
0HWKRGV 7KHVH VWXGLHV XVHG IXQFWLRQDO PDJQHWLF UHVRQDQFH LPDJLQJ
I05,LQRUGHUWRUHYHDOWKHQHXUDOLPSOHPHQWDWLRQRIGLIIHUHQWFRPSRQHQWV
RI H[HFXWLYH FRQWURO LH VXEFRPSRQHQWV RI ZRUNLQJ PHPRU\ DV ZHOO DV
FRQÀLFW GHWHFWLRQ DQG UHVROXWLRQ LQ KHDOWK\ KXPDQ VXEMHFWV SHUIRUPLQJ
GLIIHUHQW ZRUNLQJ PHPRU\ DQG WDVN VZLWFKLQJ H[SHULPHQWV )XUWKHUPRUH
XVLQJ WKH VDPH H[SHULPHQWDO SDUDGLJPV SDWLHQWV ZLWK ELSRODU DIIHFWLYH
GLVRUGHUZHUHEHKDYLRUDOO\ WHVWHGZLWK UHVSHFW WRSRVVLEOHGLVWXUEDQFHVRI
WKHVHH[HFXWLYHIXQFWLRQV
5HVXOWV8VLQJI05,ZHLGHQWL¿HGVHYHUDOSUHIURQWRSDULHWDOQHWZRUNVXQ
GHUO\LQJVSHFL¿FFRPSRQHQWVRIFRJQLWLYHFRQWUROLQKHDOWK\LQGLYLGXDOV
&RUUHVSRQGLQJEHKDYLRUDOH[SHULPHQWVLQELSRODUSDWLHQWVUHYHDOHGGLV
WLQFWG\VIXQFWLRQVRIWKHVHQHXUDOV\VWHPVLQYROYHGLQH[HFXWLYHIXQFWLRQV
,Q SDUWLFXODU D VXEJURXS RI SDWLHQWV VKRZHG D VHOHFWLYH DQG SURQRXQFHG
GH¿FLWLQYLVXRVSDWLDOZRUNLQJPHPRU\
&RQFOXVLRQV7KHLGHQWL¿FDWLRQRIDVXEJURXSRIELSRODUSDWLHQWVDFFRUGLQJ
WRQHXURFRJQLWLYHSDUDPHWHUVPD\IDFLOLWDWHWKHHVWDEOLVKPHQWRIEHKDYLRUDO
DQGQHXURSK\VLRORJLFDOHQGRSKHQRW\SHV7KHIXQFWLRQDOLQWHJULW\RIPHFKD
QLVPV RI FRQÀLFW GHWHFWLRQZKLFK DUH VXSSRUWHG E\ WKH DQWHULRU FLQJXODWH
FRUWH[LVVWLOOXQGHULQYHVWLJDWLRQ
5HIHUHQFHV
*ODKQ'&HWDO%LSRODU'LVRUGHUV
4XUDLVKL6)UDQJRX6-$IIHFW'LVRUG
*UXEHU2&HUHEUDO&RUWH[
*UXEHU2YRQ&UDPRQ'<1HXURVFLHQFH/HWWHUV
*UXEHU2YRQ&UDPRQ'<1HXUR,PDJH
*UXEHU2*RVFKNH7$FWD3V\FKRORJLFD
6
6WUXFWXUDO%UDLQ$EQRUPDOLWLHVLQ%LSRODU'LVRUGHU
+DUDOG6FKHUN
6DDUODQG8QLYHUVLW\+RVSLWDO+RPEXUJ*HUPDQ\
3HWHU)DONDL
2EMHFWLYHV 7KH QHXURELRORJLFDO EDVLV RI ELSRODU DIIHFWLYH GLVRUGHUV LV
XQNQRZQ+RZHYHUQHXURDQDWRPLFFLUFXLWVRIPRRGUHJXODWLRQDUHK\SRWK
HVL]HG1HXURLPDJLQJUHYHDOHGYROXPHWULFFKDQJHVRIVSHFL¿FEUDLQVWUXF
WXUHVLQWKHVHFLUFXLWV7KHPRVWSURPLQHQWDEQRUPDOLW\LVDQHQODUJHPHQWRI
DP\JGDOD,QDGGLWLRQWKHUHPLJKWEHVWUXFWXUDOFKDQJHVLQWKHIURQWDOOREH
FHUHEHOOXPDQGSLWXLWDU\
7KHFLQJXODWHFRUWH[DQGHVSHFLDOO\WKHDQWHULRUFLQJXODWHFRUWH[DFFVHHPV
WREHLQYROYHGLQPRGXODWLRQRIDWWHQWLRQFRJQLWLRQDQGLPSXOVHUHJXODWLRQ
$UHFHQWVWXG\VKRZHGUHGXFHGYROXPHRIWKHOHIWDQWHULRUFLQJXODWHFRUWH[
LQHXWK\PLFELSRODUSDWLHQWV
5HIHUHQFHV
6DVVL 5% 5HGXFHG OHIW DQWHULRU FLQJXODWH YROXPHV LQ XQWUHDWHG ELSRODU
SDWLHQWV%LRO3V\FKLDWU\
6
1R$EVWUDFW5HFHLYHG
0DU\3KLOOLSV
8.
6
7KH1HXURELRORJ\RI%LRSODU'LVRUGHUDQGLWV&OLQLFDO
,PSOLFDWLRQV
6
%UDLQ,PDJLQJDQG%LSRODU,OOQHVV
*LQ60DOKL
6FKRRORI3V\FKLDWU\8QLYHUVLW\RI1HZ6RXWK:DOHV6\GQH\
$XVWUDOLD
0RRG'LVRUGHUV8QLW%ODFN'RJ,QVWLWXWH6\GQH\$XVWUDOLD
1HXURVFLHQFH5HVHDUFK*URXS0D\QH&OLQLFDO5HVHDUFK,PDJLQJ
&HQWUH3ULQFHRI:DOHV0HGLFDO5HVHDUFK,QVWLWXWH6\GQH\
$XVWUDOLD
-LP/DJRSRXORV
%DFNJURXQG$VWKHSRRUHUFRXVLQRIPDMRUGHSUHVVLRQDQGVFKL]RSKUHQLD
ELSRODU GLVRUGHU KDV ORQJ EHHQ QHJOHFWHG DQG KDV VHOGRP EHHQ WKH IRFXV
RI HDUO\QHXURLPDJLQJ VWXGLHV+RZHYHU LQ UHFHQW\HDUV WKLVKDV FKDQJHG
GUDPDWLFDOO\ZLWKLQFUHDVLQJLQWHUHVWLQLWVSDWKRSK\VLRORJ\DQGIXQFWLRQDO
QHXURELRORJ\±DQDUHDXSRQZKLFK VWUXFWXUDODQG LQSDUWLFXODU IXQFWLRQDO
QHXURLPDJLQJKDYHEHHQDEOHWRVKHGOLJKW$PRQJVWWKHWHFKQRORJLHVWKDW
KDYHEHHQPRVWSURPLVLQJIXQFWLRQDO05,VWDQGVRXWDQGVRLQWKLVSUHVHQ
WDWLRQ,RXWOLQHDVHULHVRIVWXGLHVWKDWKDYHXVHGI05,WRLQYHVWLJDWHELSRODU
GLVRUGHU7KH¿QGLQJVIURPRQHNH\VWXG\DUHVXPPDULVHGDVDQH[HPSODU
6WXG\)RFXVVLQJDWWHQWLRQDQGWKHXVHRIUHOHYDQWEUDLQSURFHVVHVEHFRPHV
FULWLFDOLQWKHFRQWH[WRIPXOWLSOHFRPSHWLQJGHPDQGV)05,VWXGLHVXVLQJ
WKHFRQYHQWLRQDOFRORXUZRUG6WURRS7DVNKDYHSULQFLSDOO\UHSRUWHG$QWH
ULRU &LQJXODWH &RUWH[ $&& DVZHOO DV'RUVDO /DWHUDO 3UHIURQWDO &RUWH[
'/3)&DFWLYDWLRQV±WKHIRUPHUWKRXJKWWRUHÀHFWFRQÀLFWUHVROXWLRQPRQL
WRULQJDQGWKHODWWHUWKHPDLQWHQDQFHDQGDOORFDWLRQRIDWWHQWLRQDOUHVRXUFHV
UHVSHFWLYHO\+RZHYHUUHFHQWHYLGHQFHVXJJHVWVWKDWVKLIWVLQDWWHQWLRQFDQ
EHPRGL¿HGE\HPRWLRQDOORDGLQJVSHFL¿FDOO\LQUHODWLRQWRWKH6WURRS7DVN
ZRUGVZLWKHPRWLRQDOYDOHQFHFDQDOWHUWKHSURFHVVLQJRIDWWULEXWHVVXFKDV
WKHLQNFRORXURUVHPDQWLFPHDQLQJRIDZRUG
2EMHFWLYHV:HH[SORLWHGWKLVSKHQRPHQRQWRGHWHUPLQHWKHLPSOLFLWDIIHF
WLYHSURFHVVLQJRIHPRWLRQDOO\YDOHQWVWLPXOLLQELSRODUSDWLHQWVZKHQZHOO
ZKLOVWIXOO\HQJDJLQJDWWHQWLRQDOQHWZRUNV
0HWKRGV 7KLV VWXG\ LQYROYHG  ELSRODU SDWLHQWV DQG DQ HTXDO QXPEHU
RI KHDOWK\ FRQWUROV PDWFKHG IRU DJH VH[ DQG KDQGHGQHVV 7KH\ ZHUH DOO
VFDQQHG XVLQJ DQ HPRWLRQDO 6WURRS WDVN RQ D 7 3KLOLSV ,QWHUD VFDQQHU
%ORRG2[\JHQDWHG /HYHO'HSHQGDQW I05,ZDV HPSOR\HG WR GHWHFW DUHDV
RI WKHEUDLQDFWLYDWHG LQUHVSRQVH WR WKHDIIHFWLYHVWURRS LQWHUIHUHQFH7KH
H[SHULPHQWDOSDUDGLJPZDVSUHVHQWHGLQDEORFNGHVLJQDOWHUQDWLQJEHWZHHQ
DIIHFWLYH DQG QHXWUDO ZRUG VWLPXOL 7KH DFTXLUHG IXQFWLRQDO LPDJHV ZHUH
FRUUHFWHGIRUKHDGPRWLRQDVZHOODVIRUOLQHDUGULIWVLQWKH05VLJQDODQG
FRUHJLVWHUHGWRKLJKUHVROXWLRQDQDWRPLFDOLPDJHV0DSVRIWKHIXQFWLRQDO
DFWLYDWLRQIRFLZHUHJHQHUDWHGXVLQJ%UDLQYR\DJHUVRIWZDUH
5HVXOWV,QKHDOWK\FRQWUROVDFWLYDWLRQRFFXUUHGLQWKH'/3)&9HQWUDO/DW
HUDO3UHIURQWDO&RUWH[9/3)&$&&DQGVXSHULRUWHPSRUDOJ\UXV67*
,QFRQWUDVWELSRODUSDWLHQWVKDGVLJQL¿FDQWDFWLYDWLRQVLQWKHVXSHULRUIURQWDO
J\UXV9/3)&'/3)&67*EXWQRWLQWKH$&&
&RQFOXVLRQV7KHUHVXOWVRIWKLVVWXG\VXJJHVWGLIIHUHQWLDOEUDLQSURFHVVLQJ
LQELSRODUSDWLHQWV DQGKHDOWK\FRQWUROVZLWK UHVSHFW WRFRQÀLFW UHVROXWLRQ
PRQLWRULQJ
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
&OLQLFDO,PSOLFDWLRQVRI&RJQLWLYH'\VIXQFWLRQVLQ%LSRODU
'LVRUGHU
(GXDUG9LHWD
%LSRODU'LVRUGHUV3URJUDP+RVSLWDO&OtQLF8QLYHUVLW\RI
%DUFHORQD6SDLQ
7KHUH LV LQFUHDVLQJ HYLGHQFH WKDW ELSRODU SDWLHQWV VKRZ FRJQLWLYH LPSDLU
PHQWVZKLFKDUHQRWRQO\UHVWULFWHGWRWKHDFXWHHSLVRGHVRIWKHLOOQHVVEXW
DOVRWRUHPLVVLRQSHULRGV1HYHUWKHOHVVWKHUHLVFRQWURYHUV\DPRQJDXWKRUV
ZLWK UHJDUG WR ZKDW NLQG RI FRJQLWLYH G\VIXQFWLRQV SHUVLVW LQ HXWK\PLF
VWDWHV0RUHRYHU WKHUH DUH VRPH FOLQLFDO IDFWRUV VXFK DV UHODSVHV RU VXE
FOLQLFDO V\PSWRPV LQÀXHQFH FRJQLWLYH IXQFWLRQLQJ LQ ELSRODU SDWLHQWV2Q
WKHRWKHUKDQG UHFHQW VWXGLHVKDYHHPSKDVL]HG WKH LQÀXHQFHRI FRJQLWLYH
LPSDLUPHQWLQWKHSV\FKRVRFLDOIXQFWLRQLQJRIELSRODUSDWLHQWV,QDUHFHQW
VWXG\VHYHUDODUHDVRIFRJQLWLYHIXQFWLRQLQJZHUHH[DPLQHGLQGHSUHVVHG
ELSRODUSDWLHQWVPDQLFRUK\SRPDQLFELSRODUSDWLHQWVDQGHXWK\PLF
ELSRODUSDWLHQWV7KHFRQWUROJURXSFRQVLVWHGRQKHDOWK\VXEMHFWVZLWKRXW
KLVWRU\RIQHXURORJLFRUSV\FKLDWULFGLVRUGHUV$QHXURSV\FKRORJLFDOEDWWHU\
DVVHVVHGDWWHQWLRQH[HFXWLYHIXQFWLRQYHUEDODQGYLVXDOPHPRU\5HVXOWV
7KH WKUHH SDWLHQW JURXS VKRZHG FRJQLWLYH LPSDLUPHQW LQ YHUEDO PHPRU\
DQGIURQWDOH[HFXWLYHWDVNVFRPSDUHGZLWKWKHFRQWUROJURXS3DWLHQWVZLWK
KLVWRU\RISV\FKRWLFV\PSWRPVELSRODU,W\SHORQJHUGXUDWLRQRILOOQHVVDQG
DKLJKHUQXPEHURIPDQLFHSLVRGHVZHUHWKHRQHVWKDWZHUHPRUHOLNHO\WR
VKRZQHXURSV\FKRORJLFDO GLVWXUEDQFHV 3RRU QHXURSV\FKRORJLFDO SHUIRUP
DQFHZDVDVVRFLDWHGWRSRRUIXQFWLRQDORXWFRPH)URPWKLVDQGRWKHUVWXGLHV
WKHUHLVLQFUHDVLQJHYLGHQFHWKDWDVLJQL¿FDQWSURSRUWLRQRIELSRODUSDWLHQWV
DUH LPSDLUHG UHJDUGLQJ H[HFXWLYH IXQFWLRQ DQG YHUEDO PHPRU\ 9HUEDO
PHPRU\LPSDLUPHQWVHHPVWREHUHODWHG WRSRRUHUGDLO\IXQFWLRQLQJHYHQ
GXULQJ UHPLVVLRQ 7KHVH GDWD VXJJHVW WKDW SV\FKRWKHUDSHXWLF DSSURDFKHV
VKRXOGLQWHJUDWHLQWHUYHQWLRQVXSRQWKHVHFRJQLWLYHLPSDLUPHQWVLQRUGHUWR
LPSURYHTXDOLW\RIOLIHLQELSRODUSDWLHQWV
6
7KH1HXURELRORJ\RI0RRGVWDELOL]LQJ3URSHUWLHVRI$W\SLFDO
$QWLSV\FKRWLFV
/DNVKPL<DWKDP
&DQDGD
%LSRODU'LVRUGHULVDFRPSOH[SV\FKLDWULFFRQGLWLRQZLWKYDULRXVSKDVHVDQG
YDULHG FRXUVH0RRG 6WDELOL]DWLRQ IRU ELSRODU SDWLHQWV LQFOXGHV UHOLHI QRW
RQO\IURPDFXWHPDQLDDQGGHSUHVVLRQEXWDOVRWKHDELOLW\WRVWD\ZHOOZLWK
RXWUHODSVHRIGHSUHVVLYHRUPDQLFHSLVRGHV/LWKLXPKDVEHHQFRQVLGHUHGD
PRRGVWDELOL]HUDVLWKDVHI¿FDF\LQWUHDWLQJDOOSKDVHVRIELSRODUGLVRUGHU
%HFDXVHFDUEDPD]HSLQHDQG9DOSURDWHDOVRDSSHDUVWRKDYHPRRGVWDELOL]LQJ
SURSHUWLHVWKHUHLVDWHQGHQF\LQWKHSV\FKLDWULFFRPPXQLW\WREHOLHYHWKDW
DOO QRYHO DQWLFRQYXOVDQWVKDYHPRRG VWDELOL]LQJSURSHUWLHV HYHQZKHQ WKH
HYLGHQFHIRUVXFKLVFOHDUO\ODFNLQJ&RQYHUVHO\DOWKRXJKWKHUHLVHYLGHQFH
IURPGRXEOHEOLQGVWXGLHV WRVXJJHVW WKDWQRYHODQWLSV\FKRWLFPHGLFDWLRQV
KDYH PRRG VWDELOL]LQJ SURSHUWLHV WKHUH LV UHOXFWDQFH LQ WKH SV\FKLDWULF
FRPPXQLW\WRDWWULEXWHPRRGVWDELOL]HUODEHOIRUWKHVHPHGLFDWLRQV,QWKLV
SUHVHQWDWLRQZHZLOO UHYLHZ WKHGDWD IURP3RVLWURQHPLVVLRQ WRPRJUDSK\
VWXGLHVWRSURYLGHDELRFKHPLFDOUDWLRQDOHIRUPRRGVWDELOL]LQJSURSHUWLHVRI
DW\SLFDODQWLSV\FKRWLFV
,Q D VHULHV RI 3(7 VWXGLHV RXU JURXS DQG RWKHUV KDYH VKRZQ WKDW GRZQ
UHJXODWLRQ RI EUDLQ +7 UHFHSWRUV LV DVVRFLDWHG ZLWK DQ DQWLGHSUHVVDQW
HIIHFW6LPLODUO\WKHUHLVHYLGHQFHWRLQGLFDWHWKDWPDQLDLVDVVRFLDWHGZLWK
LQFUHDVHGGRSDPLQH WUDQVPLVVLRQ OLNHO\ VHFRQGDU\ WRGHFUHDVHGGRSDPLQH
WUDQVSRUWHUGHQVLW\RULQFUHDVHGGRSDPLQH'UHFHSWRUVDQGWKDWLPSURYH
PHQW LQ PDQLF V\PSWRPV FRXOG EH DFKLHYHG E\ GRSDPLQH ' UHFHSWRU
EORFNDGHRUGHFUHDVHLQGRSDPLQHV\QWKHVLV
$\WSLFDODQWLSV\FKRWLFVEORFN+7UHFHSWRUVDQGOHDGWRGRZQUHJXODWLRQ
RI EUDLQ +7 UHFHSWRUV7KLV OLNHO\ FDQ FRQIHU DQ DQWLGHSUHVVDQW HIIHFW
$W\SLFDODQWLSV\FKRWLFVDOVREORFNGRSDPLQH'UHFHSWRUVDQGWKLVFRQIHUV
DQWLPDQLFHIIHFWIRUWKHVHFRPSRXQGV7KHLUDELOLW\WREORFNERWK+7DQG
' UHFHSWRUVDOVRPLJKWEH UHVSRQVLEOH IRUPRRGVWDELOL]LQJSURSHUWLHVRI
DW\SLFDODQWLSV\FKRWLFV
6
1HXURELRORJLFDO&RUUHODWHVRI$QWLFRQYXOVDQWVDV0RRG
6WDELOLVHUV
+HLQ]*UXQ]H
'HSDUWPHQWRI3V\FKLDWU\/080XQLFK*HUPDQ\
-HQV%HQQLQJKRII
,QFRQWUDVW WR WKHH[WHQVLYHZRUNRQ WKHPHFKDQLVPVRIDFWLRQRI OLWKLXP
UHODWLYHO\ OLWWOHLVNQRZQDERXW WKHQHXURELRORJLFDOFRUUHODWHVRI WKHDFWLRQ
RI DQWLFRQYXOVDQWV DV PRRG VWDELOLVHUV 7KH EHVW GDWD FXUUHQWO\ H[LVW IRU
FDUEDPD]HSLQHDQGHVSHFLDOO\IRUYDOSURDWH$QWLFRQYXOVDQWVPD\PRGXODWH
QHXURQDOIXQFWLRQERWKRQWKHUHFHSWRUOHYHOJOXWDPDWH*$%$DQGDGHQR
VLQHUHFHSWRUVIRUFDUEDPD]HSLQHHIIHFWVRQ*$%$HUJLFGRSDPLQHUJLFDQG
VHURWRQHUJLFWXUQRYHUIRUYDOSURDWHDQGWKHOHYHORILRQFKDQQHOVHVSHFLDO
O\VRGLXPFDOFLXPDQGSRWDVVLXPFKDQQHOV*UXQ]HHWDO3UREDEO\
PRUHGHFLVLYHIRUORQJWHUPDFWLRQWKH\DFWRQVHFRQGPHVVHQJHUSDWKZD\V
DQG¿QDOO\XSUHJXODWHF\WRSURWHFWLYHSURWHLQV&DUEDPD]HSLQHUHGXFHVWKH
DFWLYLW\RIWKHSURWHLQHNLQDVH$DQG&DQGWKXVLQWHUIHUHVZLWKWKHH[SUHV
VLRQ RI GLIIHUHQW JHQHV HQFRGLQJ IRU QHXURWUDQVPLWWHUV RU QHXURSURWHFWLYH
SURWHLQV6LPLODUWROLWKLXPYDOSURDWHVKRZVHIIHFWVRQWKH,3'$*VHFRQG
PHVVHQJHUV\VWHPDQGWKHFRQVHFXWLYHDFWLYDWLRQRISURWHLQHNLQDVH&2WKHU
HIIHFWVRIYDOSURDWH LQFOXGH WKH LQKLELWLRQRIJO\FRJHQV\QWKDVHNLQDVHȕ
*6. ȕ ZKLFK LV LPSOLHG LQ ORQJWHUP F\WRVNHOHWDO FKDQJHV DQG WKH
SURGXFWLRQRIGLIIHUHQWORZPROHFXODU*SURWHLQVRIWKH5$6DQG5+2VXE
JURXSZKLFKDUHRILPSRUWDQFHIRUQHXURQDOSODVWLFLW\0DQMLHWDO
&KDQJHVLQQHXURQDOSODVWLFLW\KDGEHHQVKRZQERWKIRUFDUEDPD]HSLQHDQG
YDOSURDWHLQDPRGHOZKHUHWKHVWLPXODWHWKHJURZWKFRQHVRIVHQVRU\FHOOV
VLPLODUWROLWKLXP:LOOLDPVHWDO7KLVPD\DOVRKLQWWRZDUGVHIIHFWV
RI WKHVH DQWLFRQYXOVDQWV RQ QHXURJHQHVLV DOWKRXJK WKLV KDV QRW \HW EHHQ
SURYHQLQDVLPLODUIDVKLRQDVLWKDVEHHQIRUOLWKLXP
,QFRQFOXVLRQDW OHDVW WKHHVWDEOLVKHGDQWLFRQYXOVDQWPRRGVWDELOLVHUVYDO
SURDWHDQGWRDOHVVHUGHJUHHDOVRFDUEDPD]HSLQHVHHPWRORZHUH[FLWDELOLW\
RIQHXURQVDQGH[HUWQHXURSURWHFWLYHHIIHFWVRQWKHLQWUDFHOOXODUOHYHO
5HIHUHQFHV
*UXQ]H + 6FKO|VVHU 6 $PDQQ % :DOGHQ -  &OLQLFDO UHVHDUFK
0HFKDQLVPRIDFWLRQDQGLQGLFDWLRQVRIDQWLFRQYXOVDQWVLQWKHWUHDWPHQWRI
ELSRODUGLVRUGHU'LDORJXHLQ&OLQLFDO1HXURVFLHQFH
0DQML+.0RRUH*-&KHQ*&OLQLFDODQGSUHFOLQLFDOHYLGHQFHIRU
WKH QHXURWURSKLF HIIHFWV RI PRRG VWDELOL]HUV LPSOLFDWLRQV IRU WKH SDWKR
SK\VLRORJ\DQG WUHDWPHQWRIPDQLFGHSUHVVLYH LOOQHVV%LRO3V\FKLDWU\

:LOOLDPV56&KHQJ/0XGJH$:+DUZRRG$-$FRPPRQPHFKD
QLVPRIDFWLRQIRUWKUHHPRRGVWDELOL]LQJGUXJV1DWXUH
6
:KDW,V1HZ,Q5HODWLRQ7R%LSRODU6SHFWUXP'LVRUGHUV
6
7KH6RIW%LSRODU6SHFWUXP7KH&\FORWK\PLF$Q[LRXV
VHQVLWLYH%RUGHUOLQH3HUVRQDOLW\,PSXOVHG\VFRQWURODQG
(DWLQJ'LVRUGHUVZLWK%LSRODU,L
5DTXHO=DPRUD
8UXJXD\DQ6RFLHW\RI%LRORJLFDO3V\FKLDWU\8UXJXD\
2EMHFWLYHV D7R NQRZZKLFK GLVRUGHUV DUH SDUW RI WKH ELSRODU VSHFWUXP
DQGZKDWVRPHDXWKRUVFDOO³7KHVRIWELSRODUVSHFWUXPUHODWLRQVEHWZHHQ
WKHF\FORWK\PLFDQ[LRXVVHQVLWLYHLPSXOVHG\VFRQWURODQGHDWLQJGLVRUGHUV
ZLWKELSRODU,,
E8SGDWHLQWKHWUHDWPHQWRIWKHGLIIHUHQWNLQGVRIGHSUHVVLRQDQGELSRODU
PDQLDDVZHOODVIRUWKHVRIWVSHFWUXPELSRODUGLVRUGHUV
1XPHURXVVWXGLHVLQGLFDWHWKDWLQFOLQLFDOVHWWLQJVWKHVRIWVSHFWUXPPLJKW
EHDVFRPPRQDVPDMRUGHSUHVVLYHGLVRUGHUV³0DQ\SDWLHQWVLQWKHELSRODU
,, VSHFWUXPPD\ PHHW FULWHULD IRU SHUVRQDOLW\ GLVRUGHUV HVSHFLDOO\ ZKHQ
UHFXUUHQFH LVKLJKDQGWKHSHULRGVEHWZHHQWKHHSLVRGHVDUHQRWIUHHIURP
DIIHFWLYHPDQLIHVWDWLRQV´*3HUXJJLDQG+6$NLVNDO FODLP WKDW
WKLVKROGVSDUWLFXODUO\WUXHIRUF\FORWK\PLFELSRODU,,SDWLHQWVZKRDUHRI
WHQPLVFODVVL¿HGDVKDYLQJERUGHUOLQHSHUVRQDOLW\GLVRUGHUVEHFDXVHRIWKHLU
H[WUHPH PRRG LQVWDELOLW\³$FFRUGLQJ WR WKHVH DXWKRUV WKH H[SDQVLRQ RI
FODVVLFDOELSRODU,,GLVRUGHUVWRLQFOXGHDVSHFWUXPRIFRQGLWLRQVVXEVXPHG
!&&%#4)6%¬$)3/2$%23¬")0/,!2	¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
E\ D F\FORWK\PLFDQ[LRXVVHQVLWLYH GLVSRVLWLRQZLWKPRRG UHDFWLYLW\ DQG
LQWHUSHUVRQDO VHQVLWLYLW\ DQG UDQJLQJ IURPPRRG DQ[LHW\ LPSXOVH FRQWURO
DQG HDWLQJ GLVRUGHUV ZLOO JUHDWO\ HQKDQFH FOLQLFDO SUDFWLFH DQG UHVHDUFK
HQGHDYRXUV
,QRXU\HDUFOLQLFDOSUDFWLFHZLWK WHHQDJHUVDQG\RXQJDGXOWVZHKDYH
VHHQ WKH IUHTXHQW FRPRUELGLW\ RI WKH DERYHPHQWLRQHG GLVRUGHUV DQG EL
SRODUGLVRUGHUOHDQLQJXVWRDFFHSWWKHSURSRVDORIDVRIWELSRODUVSHFWUXP
:HKDYHIRXQGDKLJKLQFLGHQFHRIUHODWLYHVZLWKVLPLODUFRQGLWLRQVPDQ\
RIZKRPKDGQRGLDJQRVLVRUDSSURSULDWHWKHUDS\:HEHOLHYHLWLVHVVHQWLDO
IRUSURIHVVLRQDOVWRVKDUHFRPPRQFULWHULDIRUWKHGLDJQRVLVRISDWLHQWVZLWK
D VRIW ELSRODU VSHFWUXP WRJHWKHUZLWK D SURSHU GUXJ WKHUDS\ DQGSV\FKR
WKHUDS\
5HIHUHQFHV
$NLVNDO+67KHSUHYDOHQWFOLQLFDOVSHFWUXPRIELSRODUGLVRUGHUVEH\RQG
'60,9-&OLQ3V\FKRSKDUPDFROVXSSO66
3HUXJL*$NLVNDO+67KH VRIW ELSRODU VSHFWUXP UHGH¿QHG IRFXV RQ WKH
F\FORWK\PLF DQ[LRXVVHQVLWLYH LPSXOVHG\VFRQWURO DQG ELQJHHDWLQJ FRQ
QHFWLRQ LQ ELSRODU ,, DQG UHODWHG FRQGLWLRQV 3V\FKLDWU\ &OLQ 1RUWK $P

=DPRUD5:RUNLQJH[SHULHQFHZLWKSDWLHQWVZLWKHDUO\ELSRODUGLDJQR
VLV8UXJXD\DQ-RXUQDORI3V\FKLDWU\
6
%LRORJLFDO7UHDWPHQWRI'LIIHUHQW6WDWXWHVRI%LSRODU
'HSUHVVLRQ
+HLQ]*UXQ]H
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\+RVSLWDO0XQLFK*HUPDQ\
$FFRUGLQJWRSURVSHFWLYHORQJLWXGLQDOGDWD-XGG.XSND
ELSRODUGHSUHVVLRQLVWKHPRVWSUHYDLOLQJSKDVHRIWKHLOOQHVV$WWKHVDPH
WLPHLW LVDOVRWKHPRVWGLVDEOLQJDQGOLIHWKUHDWHQLQJSKDVHH[SRVLQJWKH
SDWLHQWWRDKLJKULVNRIVXLFLGH7KXVRSWLPLVHGWUHDWPHQWZLWKDUDSLGRQVHW
RILPSURYHPHQWLVGHPDQGHG%LRORJLFDOWUHDWPHQWRSWLRQVPDLQO\FRQVLVWRI
SKDUPDFRORJLFDOWUHDWPHQWDQG(&7)XUWKHURSWLRQVDVU706YDJXVQHUYH
VWLPXODWLRQ DQG VOHHS GHSULYDWLRQPD\ KDYH DGGLWLRQDO EHQH¿WV KRZHYHU
FRQWUROOHGGDWDRQWKHLUHI¿FDF\DUHVWLOOVSDUVH:KHQFKRRVLQJWKHDGHTXDWH
WUHDWPHQWRSWLRQIRUDQLQGLYLGXDOSDWLHQWIDFWRUVDVVHYHULW\RIGHSUHVVLRQ
LQFOXGLQJ VXLFLGDOLW\ WKHSUHYLRXV ORQJLWXGLQDO FRXUVHRI WKH LOOQHVV EL
SRODU,YVELSRODU,,VZLWFKULVNIUHTXHQF\RIHSLVRGHVHVSHFLDOO\UDSLG
F\FOLQJ DQG FRPRUELGLWLHV HJ VXEVWDQFH DEXVH DQG DQ[LHW\ GLVRUGHUV
KDYH WR EH WDNHQ LQWR FRQVLGHUDWLRQ0RRGVWDELOLVHU DORQH WUHDWPHQWPD\
EH WKH VDIHVW RSWLRQ FRQVLGHULQJ VZLWFK ULVNV DQG DYRLGLQJ DQ LQFUHDVH RI
HSLVRGHIUHTXHQF\KRZHYHULWPD\EHOHVVHI¿FDFLRXVDVFRPELQDWLRQWUHDW
PHQWZLWKDPRGHUQDQWLGHSUHVVDQWRUDFFRUGLQJWRODWHVWGDWDDQDW\SLFDO
DQWLSV\FKRWLF&DODEUHVH,Q WUHDWPHQWUHVLVWDQWRUVHYHUHSV\FKRWLF
GHSUHVVLRQ FRPSOLFDWHG E\ VXLFLGDOLW\ (&7 VKRXOG DOZD\V EH FRQVLGHUHG
DOUHDG\DWDQHDUO\VWDJHRIWUHDWPHQWDOJRULWKPV
5HIHUHQFHV
-XGG //$NLVNDO +6 6FKHWWOHU 3- &RU\HOO: (QGLFRWW - 0DVHU -' HW
DO$SURVSHFWLYHLQYHVWLJDWLRQRIWKHQDWXUDOKLVWRU\RIWKHORQJWHUP
ZHHNO\ V\PSWRPDWLF VWDWXV RI ELSRODU ,, GLVRUGHU $UFK *HQ 3V\FKLDWU\

-XGG//$NLVNDO+66FKHWWOHU3-(QGLFRWW-0DVHU-6RORPRQ'$HWDO
7KH ORQJWHUPQDWXUDOKLVWRU\RI WKHZHHNO\V\PSWRPDWLFVWDWXVRI
ELSRODU,GLVRUGHU$UFK*HQ3V\FKLDWU\
.XSND5/HYHULFK*1ROHQ:$OWVKXOHU//)U\H06XSSHV7HWDO6LPL
ODU'HSUHVVLRQWR0DQLD5DWLRV LQ%LSRODU,DQG%LSRODU,,'LVRUGHU$UFK
*HQ3V\FKLDWU\,QSUHVV
6
%LRORJLFDO7UHDWPHQWRI'LIIHUHQW6WDWXVHVRI%LSRODU0DQLD
6LHJIULHG.DVSHU
'HSDUWPHQWRI*HQHUDO3V\FKLDWU\0HGLFDO8QLYHUVLW\9LHQQD
$XVWULD
7UDZDW$WWDUEDVFKL5LFKDUG)UH\0DUWLQ/HWPDLHU
/LWKLXPDQGGLYDOSURH[KDYHEHHQFRQVLGHUHGWREHWKH¿UVWOLQHWUHDWPHQW
IRUDFXWHPDQLDLQDQXPEHURIQDWLRQDODQGLQWHUQDWLRQDOWUHDWPHQWUHFRP
PHQGDWLRQV +RZHYHU LQ FOLQLFDO SUDFWLFH VSHFL¿FDOO\ LQ (XURSH LW ZDV
DSSDUHQWWKDWW\SLFDOQHXUROHSWLFVVXFKDVKDORSHULGRORU]XFORSHQWKL[RODUH
XVHGWRDODUJHH[WHQWVSHFL¿FDOO\VLQFHWKHVHFRPSRXQGVFDQDOVREHXVHG
LQWUDYHQRXVO\ RU LQ D GHSRW IRUPXODWLRQ'XH WR WKH GHSUHVVLRJHQLF HIIHFW
DQGWKHSURSHQVLW\IRUGHYHORSPHQWRI(36RIW\SLFDOQHXUROHSWLFVDQGZLWK
WKHDYDLODELOLW\RIDW\SLFDODQWLSV\FKRWLFVZKLFKRYHUFRPHWKHVHSUREOHPV
WKHUHZDVDUDSLGFKDQJHLQFOLQLFDOSUDFWLFHWRZDUGVWKHXVDJHRIWKHQHZHU
FRPSRXQGV7KHDUHDRIDFWLYHUHVHDUFKKDVEHHQWKHHYDOXDWLRQRIWKHHI¿
FDF\RIDW\SLFDODQWLSV\FKRWLFVLQYDULRXVVWDWHVRIPDQLD7RGDWHWKHUHDUHD
QXPEHURIGRXEOHEOLQGUDQGRPL]HGSODFHERFRQWUROOHGPRQRWKHUDS\WULDOV
RI DW\SLFDO DQWLSV\FKRWLFV LQ ELSRODUPDQLD LQFOXGLQJ RYHU  SDWLHQWV
)XUWKHUPRUHWKHUHDUHVHYHQSODFHERFRQWUROOHGUDQGRPL]HGGRXEOHEOLQG
DGMXQFWLYHWULDOVRIDW\SLFDODQWLSV\FKRWLFVLQZKLFKWKHFRPSRXQGLVJLYHQ
DGGLWLRQDOO\WRHLWKHUOLWKLXPGLYDOSURH[RUFDUEDPD]HSLQH7DNHQWRJHWKHU
DW\SLFDODQWLSV\FKRWLFVH[KLELWHGJRRGHI¿FDF\LQWKHPRQRWKHUDS\WULDOVDV
ZHOO DV LQ WKH DGMXQFWLYH WULDOV$ IHZ VWXGLHV DOVR DGGUHVVHG WKH LVVXH RI
ORQJWHUP WUHDWPHQW+RZHYHU SODFHERFRQWUROOHG HYLGHQFH LV RQO\ DYDLO
DEOHIRUWKHHI¿FDF\DQGVDIHW\RIOLWKLXPIRUWZR\HDUVODPRWULJLQHIRU
PRQWKVRODQ]DSLQHIRUUHFHQWO\PDQLFSDWLHQWVIRURQH\HDUDQGDULSLSUD]ROH
LQUHFHQWO\PDQLFSDWLHQWVIRUZHHNV7KHWUHDWPHQWRIPDQLDKDVFRQVLG
HUDEO\DGYDQFHGLQWKHSDVWWHQ\HDUVDQGZHQRZKDYHDEURDGHUVSHFWUXP
RI PHGLFDWLRQ DYDLODEOH ZKLFK GHPRQVWUDWHG HI¿FDF\ LQ ELSRODU SDWLHQWV
ZKRZHUHVXIIHULQJIURPDPDQLFRUPL[HGRUUDSLGF\FOLQJHSLVRGHZLWKRU
ZLWKRXWSV\FKRWLFV\PSWRPV
6
5HSHWLWLYH7UDQVFUDQLDO0DJQHWLF6WLPXODWLRQU706
1R$EVWUDFW5HFHLYHG
/\IRUG3LNH$OH[DQGHU
8UXJXD\
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
&KURQRELRORJLFDO7UHDWPHQWVIRU0DMRU'HSUHVVLRQ
6
,QWURGXFWLRQWR&KURQRWKHUDSHXWLFVLQ$IIHFWLYH'LVRUGHUV
$QQD:LU]-XVWLFH
8QLYHUVLW\3V\FKLDWULF+RVSLWDOV6ZLW]HUODQG
'LVWXUEDQFHVRIFLUFDGLDQUK\WKPVDQGVOHHSDUHLPSRUWDQWFOLQLFDOIHDWXUHVLQ
DIIHFWLYHGLVRUGHUV7ZRFKURQRWKHUDSHXWLFDSSURDFKHVKDYHEHHQIROORZHG
RYHUWKHODVWWKLUW\\HDUVZLWKUHPDUNDEO\VXFFHVVIXOUHVXOWVDQGVXUSULVLQJO\
OLWWOHDSSOLFDWLRQLQHYHU\GD\FOLQLFDOSUDFWLFH7RWDORUSDUWLDOVOHHSGHSULYD
WLRQÄZDNHWKHUDS\³LQWKHVHFRQGKDOIRIWKHQLJKWRUSKDVHDGYDQFHRIWKH
VOHHSZDNHF\FOHKDYHUDSLGDQGSURIRXQGHIIHFWVRQGHSUHVVHGPRRGLQDOO
GLDJQRVWLFVXEJURXSV:DNHWKHUDS\FRPELQHGZLWKOLWKLXPDQWLGHSUHVVDQW
GUXJVSLQGROROVOHHSSKDVHDGYDQFHRUPRUQLQJOLJKWWKHUDS\DWWDLQVa
UHVSRQVHUDWHVZLWKRXWUHODSVHWKXVSURYLGLQJSV\FKLDWULVWVZLWKQHZLQVWUX
PHQWVWRDFKLHYHUDSLGDQGVXVWDLQHGDQWLGHSUHVVDQWUHVSRQVHDOVRLQELSRODU
SDWLHQWV /LJKW LV WKH WUHDWPHQW RI FKRLFH IRU VHDVRQDO DIIHFWLYH GLVRUGHU
6$' DQG UHFHQW VWXGLHV GRFXPHQW DFFHOHUDWHG DQG DXJPHQWHG UHVSRQVH
LQQRQVHDVRQDOHYHQFKURQLFGHSUHVVLRQDVDGMXQFWWRPHGLFDWLRQ+LJK
GHQVLW\QHJDWLYHDLULRQH[SRVXUHLVDOVRDQWLGHSUHVVDQWLQ6$'0HODWRQLQ
DGPLQLVWHUHG WRGHSUHVVHGSDWLHQWV LPSURYHV VOHHS QRWPRRG7KHVHQRQ
SKDUPDFRORJLFDO WUHDWPHQWV KDYH IHZHU VLGH HIIHFWV DQG FRQWUDLQGLFDWLRQV
WKDQ DQWLGHSUHVVDQW GUXJV DQG RIWHQ SURGXFH LPSURYHPHQW PRUH UDSLGO\
&KURQRWKHUDSHXWLFVPD\DOVREHQH¿WQRQVHDVRQDOO\GHSUHVVHGSDWLHQWVZKR
FDQQRWWROHUDWHPHGLFDWLRQHJDQWHSDUWXPZKRH[SHULHQFHUHODSVHDIWHU
LQLWLDOUHVSRQVHRUIDLOWRUHVSRQGWRPHGLFDWLRQ
5HIHUHQFHV
$:LU]-XVWLFH 07HUPDQ '$2UHQ ).*RRGZLQ ').ULSNH
3&:K\EURZ./:LVQHU-&:X
5:/DP0%HUJHU .9'DQLOHQNR 6.DVSHU (6PHUDOGL .7DNDKDVKL
&7KRPSVRQ 5+YDQ GHQ +RRIGDNNHU %ULJKWHQLQJ GHSUHVVLRQ 6FLHQFH

$:LU]-XVWLFH)%HQHGHWWL0%HUJHU5:/DP.0DUWLQ\07HUPDQ
-&:X&KURQRWKHUDSHXWLFVOLJKWDQGZDNHWKHUDS\LQDIIHFWLYHGLVRUGHUV
(GLWRULDO3V\FKRORJLFDO0HGLFLQHLQSUHVV
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$GMXQFWLYH%ULJKW/LJKWLQ1RQ6HDVRQDO0DMRU'HSUHVVLRQ
.ODXV0DUWLQ\
3V\FKLDWULF5HVHDUFK8QLW)UHGHULNVERUJ*HQHUDO+RVSLWDO
'HQPDUN
0DULDQQH/XQGH0RJHQV8QGpQ+HQULN'DP3HU%HFK
2EMHFWLYHV7RWHVWWKHHIIHFWRIDGMXQFWLYHEULJKWOLJKWWUHDWPHQWLQSDWLHQWV
ZLWKQRQVHDVRQDOPDMRUGHSUHVVLRQ LQDGRXEOHEOLQG UDQGRPLVHGFOLQLFDO
WULDO
0HWKRGV3DWLHQWVZLWKD'60,9GLDJQRVLVRIPDMRUGHSUHVVLRQZKRGLG
QRWIXO¿OWKHVHDVRQDOSDWWHUQVSHFL¿HUZHUHEOLQGO\UDQGRPLVHGWRZHHNV
RIPRUQLQJ WUHDWPHQWZLWK HLWKHUEULJKW OLJKW µ OX[KRUGLP UHG
OLJKWOX[òK$OOSDWLHQWVZHUHWUHDWHGZLWKPJVHUWUDOLQHGD\7KH
GHSUHVVLRQGLDJQRVLVZDVPDGHE\XVHRIWKH0,1,7UHDWPHQWWRRNSODFH
DWWKHSDWLHQWVµKRPH6HYHUDOHIIRUWVZHUHPDGHWRREWDLQWKHGRXEOHEOLQG
LQJ7KHSDWLHQWVZHUHLQIRUPHGWKDWOLJKWWKHUDS\FRXOGEHRIYDU\LQJLQWHQ
VLW\DQGFRORXUZLWKRXWIXUWKHUVSHFL¿FDWLRQ7KH\ZHUHQRWLQFRQWDFWZLWK
RWKHUSDUWLFLSDQWV LQ WKHVWXG\7KH LQVWUXFWLRQV IRU WKH OLJKW WKHUDS\ZHUH
GHOLYHUHGLQDFORVHGHQYHORSHWREHRSHQHGDWWKHSDWLHQWµVKRPH7KH\ZHUH
LQVWUXFWHGQRWWRUHYHDODQ\GHWDLORIWKHOLJKWWUHDWPHQWWRWKHLQYHVWLJDWRUV
$VHFUHWDU\IURPDQRWKHUXQLWKDQGHGRXWWKHODPSVLQDVOLSRQFRYHU/LJKW
LQWHQVLW\IRUGLPOLJKWWUHDWPHQWZDVUHGXFHGE\XVHRIDUHG¿OPEHKLQGWKH
VFUHHQDQGHOHFWURQLFGDPSHQLQJEXW WKHH[WHUQDODSSHDUDQFHRI WKH ODPS
ZDVDSDUWIURPWKHFRORXURIWKHVFUHHQLGHQWLFDOZLWKWKHEULJKWOLJKWODPS
7KHSDWLHQWVZHUHVHHQDWZHHNO\YLVLWV'HSUHVVLRQVHYHULW\ZDVDVVHVVHGE\
XVHRIWKH+DPLOWRQ'HSUHVVLRQ5DWLQJ6FDOHLWHPYHUVLRQWKH+DPLO
WRQVXEVFDOHLWHPVWKH0HODQFKROLD6FDOHLWHPVDQGWKH6,*+6$'
LWHPV6HDVRQDOLW\ZDVDVVHVVHGE\XVHRIWKH63$46LGHHIIHFWVZHUH
DVVHVVHGE\XVHRIWKH8.8ZLWKVXSSOHPHQWDU\LWHPVIRUOLJKWWKHUDS\
5HVXOWV,QWRWDOSDWLHQWVZHUHLQFOXGHGLQWKHVWXG\0HDQDJHZDV
\HDUVPDOHIHPDOHUDWLRZDV7KHDW\SLFDOLWHPVIURPWKH6,*+6$'
H[FHSW ÃUHYHUVH GLXUQDOµ KDG D EDVHOLQH VFRUH RI  7KH 63$4 JOREDO
VHDVRQDOLW\VFRUH*66ZDV2QDOOIRXURXWFRPHVFDOHVWKHEULJKWOLJKW
JURXSKDGDVWDWLVWLFDOO\VLJQL¿FDQWO\IDVWHUUHGXFWLRQRIGHSUHVVLRQVFRUHV
5HVSRQVHDQGUHPLVVLRQUDWHVZHUHVWDWLVWLFDOO\VLJQL¿FDQWO\KLJKHUIRUWKH
EULJKW OLJKW JURXS7KXV DW:HHN WKH UHVSRQVH UDWH  UHGXFWLRQRQ
+$0'ZDVLQWKHEULJKWOLJKWJURXSFRPSDUHGWRLQWKH
GLPOLJKWJURXS7KHUHPLVVLRQUDWHVDVFRUHRI OHVV WKDQRQWKH+$0
'ZHUHLQWKHEULJKWOLJKWJURXSDQGLQWKHGLPOLJKWJURXS
$WWKHHQGRIWKHVWXG\WKHSDWLHQWVZHUHDVNHGWRHYDOXDWHLQSHUFHQWWKH
SHUFHLYHG EHQH¿W IURP WKH YDULRXV WUHDWPHQW HOHPHQWV SV\FKRVRFLDO VXS
SRUWGUXJOLJKWWUHDWPHQWDQGRWKHUV7KHEHQH¿WIURPOLJKWWUHDWPHQWZDV
UDWHGLQWKHEULJKWOLJKWJURXSDQGLQWKHGLPOLJKWJURXS:H
LQWHUSUHWWKLVDVDQH[SUHVVLRQRIDQDFFHSWDEOHEOLQGLQJ
&RQFOXVLRQV7KLVVWXG\FRQ¿UPVWKDWDGMXQFWLYHEULJKW OLJKW WUHDWPHQW LQ
QRQVHDVRQDOGHSUHVVLRQLVHI¿FDFLRXV7KHSRVWVWXG\HYDOXDWLRQLPSOLHVD
VXI¿FLHQWGHJUHHRIEOLQGLQJRIOLJKWWUHDWPHQWFRQGLWLRQV
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2EMHFWLYHV7KHYDOXHRIEULJKW OLJKW WUHDWPHQW WRDXJPHQWDQWLGHSUHVVDQW
WUHDWPHQWVZLOOEHFRPSDUHGZLWKVWDQGDUGWKHUDSLHV
0HWKRGV$YDLODEOH FOLQLFDO WULDOVRIEULJKW OLJKW WUHDWPHQWRIQRQVHDVRQDO
GHSUHVVLRQ ZHUH FRPSDUHG ZLWK PHWDDQDO\VHV RI SKDUPDFRORJLFDO DQG
VWUXFWXUHGSV\FKRWKHUDSHXWLFWUHDWPHQWRIGHSUHVVLRQ
5HVXOWV
(IIHFWVL]H
60'&, 7UHDWPHQW*URXS 5HIHUHQFH
 FRPSDULVRQVRIDQWLGHSUHVVDQWVYVDFWLYHSODFHERH[FOXGLQJRXWOLHU 0RQFULHIIHWDO
 FRPSDULVRQVRIOLJKWYVSODFHERDOOVWXGLHV 7XXQDLQHQHWDO
 ORZGRVHWULF\FOLFDQWLGHSUHVVDQWYVSODFHERDWZHHNV )XUXNDZDHWDO
 FRQWUDVWVRIOLJKWYVSODFHERXVLQJFKDQJHVFRUHV 7XXQDLQHQHWDO
 FRPSDULVRQVRIPRUQLQJOLJKWYVSODFHER 7XXQDLQHQHWDO
 FRPSDULVRQVRIDQWLGHSUHVVDQWVYVDFWLYHSODFHER 0RQFULHIIHWDO
 FRPSDULVRQVRIEULJKWOLJKWER[YVSODFHER 7XXQDLQHQHWDO
 ORZGRVHWULF\FOLFDQWLGHSUHVVDQWYVSODFHERDWZHHNV )XUXNDZDHWDO
 ORZGRVHWULF\FOLFDQWLGHSUHVVDQWYVSODFHERDWPRQWKV )XUXNDZDHWDO
 KLJKTXDOLW\FRQWUDVWVRIEULJKWOLJKWYVSODFHER 7XXQDLQHQHWDO
(PSLULFDOO\VXSSRUWHGSV\FKRWKHUDS\PD\VLPLODUO\KDYHDQHIIHFW VL]HDW
WHUPLQDWLRQRIDERXW:HVWHQDQG0RUULVRQ
&RQFOXVLRQV7KHEHQH¿WHIIHFWVL]HRIEULJKWOLJKWDXJPHQWDWLRQLVLQWKH
VDPHUDQJHDVDQWLGHSUHVVDQWDQGSV\FKRWKHUDS\EHQH¿WV6LQFHEULJKWOLJKW
FDQEHXVHGWRDXJPHQWFRQYHQWLRQDOWKHUDS\WKHFRPELQHGWUHDWPHQWZLOO
SURGXFH DPRUH VDWLVIDFWRU\ UDWH RI UHVSRQVH DQG UHPLVVLRQ7KHUH LV VXI
¿FLHQWHYLGHQFHWRLQFRUSRUDWHEULJKWOLJKWLQWRVWDQGDUGWUHDWPHQW
5HIHUHQFHV
0RQFULHII -:HVVHO\6 DQG+DUG\5$FWLYHSODFHERVYHUVXV DQWLGHSUHV
VDQWV IRU GHSUHVVLRQ &RFKUDQH5HYLHZ >@ &KLFKHVWHU8. -RKQ
:LOH\	6RQV/WG7KH&RFKUDQH/LEUDU\
7XXQDLQHQ$.ULSNH')DQG(QGR7/LJKW7KHUDS\IRU1RQ6HDVRQDO'H
SUHVVLRQ&RFKUDQH5HYLHZ7KH&RFKUDQH/LEUDU\>@&KLFKHVWHU
8.-RKQ:LOH\	6RQV/WG
%DUEXL&)XUXNDZD70F*XLUH+/RZGRVDJHWULF\FOLFDQWLGHSUHVVDQWVIRU
GHSUHVVLRQ7KH&RFKUDQH/LEUDU\+LJKGRVHWULF\FOLFZDVQRW
VLJQL¿FDQWO\VXSHULRUWRORZGRVHWULF\FOLF
:HVWHQ'0RUULVRQ.$PXOWLGLPHQWLRQDOPHWDDQDO\VLVRIWUHDWPHQWVIRU
GHSUHVVLRQSDQLFDQGJHQHUDOL]HGDQ[LHW\GLVRUGHU$QHPSLULFDOH[DPLQD
WLRQRIWKHVWDWXVRIHPSLULFDOO\VXSSRUWHGWKHUDSLHV-&RQVXOW&OLQ3V\FKRO
'HF
!&&%#4)6%¬$)3/2$%23¬5.)0/,!2	¬¬3YMPOSIA
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&KURQRELRORJLFDO7UHDWPHQWVRI%LSRODU,OOQHVV
)UDQFHVFR%HQHGHWWL
,VWLWXWR6FLHQWL¿FR2VSHGDOH6DQ5DIIDHOH'HSW1HXURSV\FKLDWULF
6FLHQFHV±&(50$&,WDO\
$QHDUO\KRSHRIUHVHDUFKRQELRORJLFDOUK\WKPVZDVWKDWFKURQRELRORJLFDO
LQWHUYHQWLRQVFRXOGEHFRPHDEHQLJQDOWHUQDWLYHWRPRUHUDGLFDOWUHDWPHQWV
RIGHSUHVVLRQ7KHFOLQLFDOXVHIXOQHVVRIVOHHSZDNHUK\WKPPDQLSXODWLRQV
ZDVKRZHYHUTXHVWLRQHGE\WKHVKRUWGXUDWLRQRIWKHLUDQWLGHSUHVVDQWHIIHFWV
,Q WKH ODVW WHQ \HDUV FOLQLFDO UHVHDUFK DW RXU FHQWHUZDV DLPHG DW ¿QGLQJ
VWUDWHJLHV WR LPSURYHXVHIXOQHVVRIFKURQRELRORJLFDO WUHDWPHQWVRIELSRODU
GHSUHVVLRQ
&RPELQHG WUHDWPHQWV ZLWK OLWKLXP VDOWV ORZGRVH DQWLGHSUHVVDQW GUXJV
DQG FKURQRELRORJLFDO LQWHYHQWLRQV VXFK DV VLQJOH RU UHSHDWHG WRWDO VOHHS
GHSULYDWLRQ76'VOHHSSKDVHDGYDQFH63$DQGPRUQLQJOLJKW WKHUDS\
/7 DOORZHG WR UHDFK UHVSRQVH UDWHV RI  DQG FRXOG VXFFHVVIXOO\
SUHYHQWUHODSVHWKXVSURYLGLQJFOLQLFDOSV\FKLDWULVWVZLWKQHZLQVWUXPHQWV
WRDFKLHYHUDSLGDQGVXVWDLQHGDQWLGHSUHVVDQWUHVSRQVHLQELSRODUGHSUHVVHG
SDWLHQWV 6\QHUJLVWLF HIIHFWV ZHUH GHVFULEHG EHWZHHQ FKURQRWKHUDSHXWLF
LQWHUYHQWLRQV PRRG VWDELOL]HUV DQG ERWK VHURWRQHUJLF DQG GRSDPLQHUJLF
GUXJV7KHVHHIIHFWVZHUHIRXQGWREHLQÀXHQFHGE\WKHVDPHFOLQLFDODQG
GHPRJUDSKLFIDFWRUVZKLFKKDYHORQJEHHQNQRZQWRLQÀXHQFHUHVSRQVHWR
DQWLGHSUHVVDQWV HJ KLVWRU\ RI GUXJUHVLVWDQFH DJH GXUDWLRQ RI HSLVRGH
HWF$OOWRJHWKHUWKHVHFOLQLFDOREVHUYDWLRQVVXJJHVWWKHSRVVLELOLW\RIFRP
PRQPHFKDQLVPVRIDFWLRQDQGRURIFRPPRQLQGLYLGXDOIDFWRUVDIIHFWLQJ
WKHDQWLGHSUHVVDQWUHVSRQVHWRDOOWKHVHFOLQLFDOLQWHUYHQWLRQV
5HFHQW VWXGLHV ZLWK IXQFWLRQDO QHXURLPDJLQJ WHFKQLTXHV 3(7 63(&7
%2/' I05, FRQ¿UP WKDW WKH DQWLGHSUHVVDQW UHVSRQVH WR ERWK VHURWRQHU
JLF QRUDGUHQHUJLF DQG FKURQRWKHUDSHXWLF DQWLGHSUHVVDQWV LV SDUDOOHOHG E\
VLPLODUFKDQJHVLQKXPDQEUDLQIXQFWLRQZKLFKLQFOXGHFKDQJHVLQQHXUDO
UHVSRQVHVWRFRJQLWLYHDFWLYDWLRQSDUDGLJPV
,QWKHODVW\HDUVGDWDIURPJHQHWLFUHVHDUFKDOORZHGWRSDUWLDOO\H[SODLQWKH
PHFKDQLVP RI DFWLRQ RI FKURQRELRORJLFDO WUHDWPHQWV 7KH LQÀXHQFH RI D
IXQFWLRQDOSRO\PRUSKLVPLQ WKH WUDQVFULSWLRQDOFRQWURO UHJLRQXSVWUHDPRI
WKH FRGLQJ VHTXHQFHRI WKHK\GUR[\WU\SWDPLQH WUDQVSRUWHU +77/35
RQUHVSRQVHWR76'ZDVIRXQGWREHVLPLODUWRWKDWREVHUYHGRQUHVSRQVHWR
VHURWRQHUJLFGUXJWUHDWPHQWV0RUHRYHUSDWLHQWVWUHDWHGZLWK76'IROORZHG
E\OLJKWWUHDWPHQWVKRZHGWKHVDPHLQÀXHQFHRI+77/35WKHHIIHFWVRI
ERWKOLJKWZDNHWKHUDS\DQGVHURWRQHUJLFGUXJVDUHLQOXHQFHGE\WKHVDPH
LQGLYLGXDOVRPDWLFFKDUDFWHULVWLF2QJRLQJVWXGLHVVXJJHVWWKDWSRO\PRUSKLF
JHQHV UHJXODWLQJ WKH PDPPDOLDQ FLUFDGLDQ UK\WKPLFLW\ HJ &/2&.
K3(5*6.ȕ LQÀXHQFH ERWK FRUH FKDUDFWHULVWLFV RI ELSRODU LOOQHVV DQG
UHVSRQVHWRFKURQRWKHUDS\
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&KURQRELRORJLFDO$XJPHQWDWLRQ6WUDWHJLHV&RPSDUHGWR
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-RVHSK&:X
8QLYHUVLW\RI&DOLIRUQLD,UYLQH86$
2EMHFWLYHV$FKURQRELRORJLFDODXJPHQWDWLRQVWUDWHJ\XWLOL]LQJWRWDOVOHHS
GHSULYDWLRQ SKDVH DGYDQFH RI VOHHS DQG OLJKW WKHUDS\ LV FRPSDUHG ZLWK
DQWLGHSUHVVDQWPHGLFDWLRQRQO\
0HWKRGV'HSUHVVHGVXEMHFWVZHUHGLYLGHGLQWRWZRJURXSV7KH¿UVWJURXS
UHFHLYHG DQWLGHSUHVVDQWPHGLFDWLRQ RQO\ 665, DQGPRRG VWDELOL]HU7KH
VHFRQGJURXSUHFHLYHGFKURQRELRORJLFDODXJPHQWDWLRQ7KLVFKURQRELRORJL
FDODXJPHQWDWLRQ LQFOXGHG WRWDO VOHHSGHSULYDWLRQQLJKWVRI VOHHSSKDVH
DGYDQFH DQG OLJKW WKHUDS\ LQ DGGLWLRQ WR PHGLFDWLRQ 7KH SDWLHQWV PRRG
ZHUHDVVHVVHGE\+DPLOWRQ'HSUHVVLRQVFDOHRYHUDIRXUZHHNSHULRG7KH
0('JURXSPDLQWDLQHGWKHLUXVXDOVOHHSKDELWVZLWKQRLQWHUYHQWLRQRWKHU
WKDQPHGLFDWLRQV6XEMHFWVZHUHFRQVLGHUHGWREHUHVSRQGHUVLIWKHLU+'56
6FRUHVGHFUHDVHGE\IURPWKHLUVFRUHRQWKHEDVHOLQHGD\LPPHGLDWHO\
SULRUWR76'WR76''D\RU'D\DIWHU76'0$129$IDFWRULDODQGD
JURXSE\WLPH$129$DQDO\VLVZHUHXVHGWRWHVWWKHK\SRWKHVLVWKHUHZDV
D VLJQL¿FDQW JURXS VOHHS GHSULYDWLRQ UHVSRQGHU 6'5 VOHHS GHSULYDWLRQ
QRQUHVSRQGHU6'15PHGLFDWLRQRQO\JURXS0('E\WLPHLQWHUDFWLRQ
7KH WLPH SRLQWV XVHG WR GHWHUPLQHZKHWKHU VXEMHFWVZHUH 6'5RU 6'15
¿UVWDQGVHFRQGGD\VSRVW76'ZHUHH[FOXGHGIURPWKHDQDO\VLV
5HVXOWV)RU WKH¿UVWPRQWKDQDO\VLV WKHUHZDVDVLJQL¿FDQWJURXS[ WLPH
LQWHUDFWLRQ IRU 6' UHVSRQGHUV 6' QRQUHVSRQGHUV DQG PHGLFDWLRQ RQO\
JURXS IRU ) GI S 7KHUHZDVDOVRD VLJQL¿FDQWJURXS[
WLPHLQWHUDFWLRQIRU6'UHVSRQGHUVDQGPHGLFDWLRQRQO\JURXS) GI
  S ) GI  S **7KHUHZHUHQRW VLJQL¿FDQW
GLIIHUHQFHVLQDJHJHQGHURULQLWLDOYLVLW+'566'UHVSRQGHUVQ PHDQ
DJH  VG 6' QRQUHVSRQGHUV Q   PHDQ DJH   VG 
PHGLFDWLRQRQO\VXEMHFWVQ PHDQDJH VG 9LVXDOLQVSHFWLRQ
RI WKHEHORZLQGLFDWHV WKDW6'UHVSRQGHUVKDYHDVXVWDLQHGDQWLGHSUHVVDQW
UHVSRQVHZKLFKSHUVLVWVIRUWKH¿UVWPRQWKDQGDOVRWKDW6'UHVSRQGHUVDS
SHDUWRKDYHDPRUHUREXVWDQWLGHSUHVVDQWUHVSRQVHWKDQPHGLFDWLRQRQO\IRU
¿UVWPRQWK
'LVFXVVLRQ 7KH FKURQRELRORJLFDO SDFNDJH VXVWDLQV WKH DQWLGHSUHVVDQW
UHVSRQVHWRVOHHSGHSULYDWLRQIRURQHZHHNDQGIRUIRXUZHHNV2XU¿QGLQJV
UHSOLFDWHDQGH[WHQGWKH¿QGLQJVRI9RGHUKRO]HUHWDODQG%HQHGHWWLHWDO
ZKRVWXGLHGSDWLHQWVIRURQHZHHN
5HIHUHQFHV
9RGHUKRO]HU89DOHULXV*6FKDHUHU/5LHPDQQ'*LHGNH+6FKZDU]OHU
)%HUJHU0DQG:LHJDQG0,VWKHDQWLGHSUHVVLYHHIIHFWRIVOHHSGHSULYD
WLRQVWDELOL]HGE\DWKUHHGD\3$RIWKHVOHHSSHULRG"$SLORWVWXG\(XU$UFK
3V\FKLDWU\&OLQ1HXURVFL
%HQHGHWWL)%DUELQL%&DPSRUL()XOJRVL0&3RQWLJJLD$DQG&RORP
ER&6OHHS3KDVH$GYDQFHDQGOLWKLXPWRVXVWDLQWKHDQWLGHSUHVVDQWHIIHFW
RIWRWDOVOHHSGHSULYDWLRQLQELSRODUGHSUHVVLRQQHZ¿QGLQJVVXSSRUWLQJWKH
LQWHUQDOFRLQFLGHQFHPRGHO"-3V\FKLDWU5HV
6
'HSUHVVLYH'LVRUGHUV
6
1R$EVWUDFW5HFHLYHG
6DURMD.ULVKQDVZDP\
0DOD\VLD
6
1R$EVWUDFW5HFHLYHG
.DYLWKD6XEUDPDQLDP
0DOD\VLD
6
7KH&KDUDFWHULVWLFVRI'HSUHVVLYH6\PSWRPVDQG&XUUHQW
7UHQGLQWKH7UHDWPHQWIRU'HSUHVVLRQLQ.RUHD
0LQ6RR/((
'HSDUWPHQWRI1HXURSV\FKLDWU\&ROOHJHRI0HGLFLQH'LUHFWRURI
'HSUHVVLRQ&HQWHUDQG3KDUPDFRJHQRPLF5HVHDUFK&HQWHUIRU
3V\FKRWURSLF'UXJV.RUHD8QLYHUVLW\6HRXO.RUHD
(WKQLFDQGFXOWXUDOGLIIHUHQFHVLQGHSUHVVLYHV\PSWRPVDQGWUHDWPHQWVLVRQH
RIWKHLPSRUWDQWLVVXHVDPRQJSV\FKLDWULVWV.RUHDQSDWLHQWVRIGHSUHVVLYH
GLVRUGHU IUHTXHQWO\KDYH VRPDWLF V\PSWRPV UDWKHU WKDQHPRWLRQDORUSV\
FKRORJLFDOV\PSWRPV2QO\WRXVHH[LVWLQJGHSUHVVLRQVFDOHVDUHLQVXI¿FLHQW
WRDVVHVV.RUHDQGHSUHVVLRQSDWLHQWV8WLOL]DWLRQUDWHRIPHQWDOKHDOWKVHUY
LFHVRIHDFKSV\FKLDWULFGLVRUGHUZDVORZ7KLVLVWKHUHVXOWRIODFNRIUHFRJ
QLWLRQPLVGLDJQRVLVDQGRYHUORRNLQJRIHDFKSV\FKLDWULFGLVRUGHULQFOXGLQJ
GHSUHVVLRQ$QLQYHVWLJDWLRQRIIDFWRUVDIIHFWLQJVWLJPDRIGHSUHVVLYHSDWLHQW
ZDVSHUIRUPHGRXWSDWLHQWZLWKGHSUHVVLYHGLVRUGHU $QDP+RVSLWDO
.RUHD8QLYHUVLW\IURP0D\WR-XO\ZHUHVXUYH\HG'HSUHVVLRQ
VHYHULW\HGXFDWLRQDJHPDULWDOVWDWXVDQGMREDSSHDUWREHDIIHFWLQJIDFWRUV
RI VWLJPD LQGHSUHVVLYHGLVRUGHUSDWLHQWV ,QYHQWLQJ WKH.RUHD'HSUHVVLRQ
6FDOH.'6 ZKLFK UHÀHFW .RUHDQ FXVWRP DQG FXOWXUH FDQ EH KHOSIXO LQ
UHFRJQL]LQJPDQ\SDWLHQWVZKRZHUHXQGHUHVWLPDWHGDQGXQGHUWUHDWHGLQWKH
SDVW7RGHYHORSH.RUHDQ'HSUHVVLRQ6FDOH.'6GHSUHVVLRQSDWLHQWV
ZKRZHUHEHLQJWUHDWHGLQRQHXQLYHUVLW\KRVSLWDOZHUHVXUYH\HGDERXWWKHLU
PDLQ V\PSWRP FRPSODLQWV DQG VWUHVVIXO OLIH HYHQWV7RWDO PDLQ V\PS
WRPVZHUHFROOHFWHGDQGWKHLUWRWDOIUHTXHQF\RIFRPSODLQWVZHUH7KH
IUHTXHQF\ RI LQVRPQLD ZDV  DQG DQ[LHW\  KHDGDFKH
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
 G\VSHSVLD  ORVV RI DSSHWLWH  SDOSLWDWLRQ
WDFK\FDUGLDFKHVWSDLQFKHVWWLJKWQHVVDJLWD
WLRQ  QDXVHDYRPLWLQJ  DYROLWLRQ  GHSUHVVLYH
PRRGDEGRPLQDOSDLQGLVFRPIRUWOHWKDUJ\
LQ WKHRUGHURI IUHTXHQF\7R UHYLHZ WKH FXUUHQW WUHQG LQ WKH WUHDWPHQWRI
GHSUHVVLYHGLVRUGHUDPRQJ.RUHDQSV\FKLDWULVWDTXHVWLRQQDLUHVXUYH\ZDV
GRQHDPRQJSV\FKLDWULVWPHPEHUVRI.RUHD6RFLHW\IRU'HSUHVVLYHDQG
%LSRODU'LVRUGHUV7KHSV\FKLDWULVWVZKRWRRNSDUWLQWKLVVXUYH\SUHIHUUHG
665,V 615, DQG 1D66$ DV WKH ¿UVWOLQH WUHDWPHQW RI 'HSUHVVLRQ 7KLV
VXUYH\VKRZVZKDWQH[WVWHSVWUDWHJLHVWKH.RUHDQSV\FKLDWULVWSUHIHUUHGIRU
SDWLHQWVZLWKYDULRXVUHVSRQVHVDIWHUWKHVHWKHUDS\
6
1R$EVWUDFW5HFHLYHG
&KXD+RQJ&KRRQ
6LQJDSRUH
6
%LRORJLFDO3UHGLFWLRQ)DFWRUV$VVRFLDWHGZLWK6XLFLGDO
%HKDYLRULQ.RUHDQ'HSUHVVLYH'LVRUGHU3DWLHQWV
<RQJ.X.LP
'HSDUWPHQWRI3V\FKLDWU\&ROOHJHRI0HGLFLQH.RUHD8QLYHUVLW\
.RUHD
0RVW VXLFLGHV DERXW  RFFXU LQ WKH FRQWH[W RI SV\FKLDWULF GLVRUGHUV
3UHGLFWLRQRIVXLFLGHULVNLQSDWLHQWVZLWKPHQWDOLOOQHVVLVYHU\LPSRUWDQWLQ
SUHYHQWLQJVXLFLGHDWWHPSWV+RZHYHUFXUUHQWDSSURDFKHVWRSUHGLFWVXLFL
GDOLW\DUHEDVHGRQFOLQLFDOKLVWRU\DQGKDYHORZVSHFL¿FLW\DQGELRORJLFDO
PDUNHUVDUHQRW\HW LQFOXGHG0DQ\VWXGLHVKDYHH[SORUHG WKHDVVRFLDWLRQ
EHWZHHQGLIIHUHQWELRORJLFDOSDUDPHWHUVDQGVXLFLGDOLW\6WXGLHVRIFHUHEUR
VSLQDOÀXLG &6)GHPRQVWUDWHG WKDW+,$$DQG+9$ OHYHOVZHUH ORZHU
LQSDWLHQWVZLWKDKLVWRU\RIVXLFLGH3ODWHOHWVHURWRQLQ WUDQVSRUWHUDQG WKH
+7VHURWRQLQUHFHSWRUKDYHDOVREHHQVWXGLHGLQUHODWLRQWRYLROHQFHDQG
VXLFLGH'HSUHVVLYHSDWLHQWVZLWKJUHDWHUVXLFLGDOWHQGHQF\KDGVLJQL¿FDQWO\
ORZHUFKROHVWHUROFRQFHQWUDWLRQVEXWVRPHIDLOHGWR¿QGWKHFRUUHODWLRQ'67
QRQVXSUHVVLRQ LVUHSRUWHG WRSUHGLFWVXLFLGDOLW\ LQPDMRUGHSUHVVLRQ6HY
HUDOVWXGLHVGHPRQVWUDWHGDUHODWLRQVKLSEHWZHHQLQWURQSRO\PRUSKLVPRI
WU\SWRSKDQK\GUR[\ODVHDQGVXLFLGDOEHKDYLRU6LQFHVXLFLGHLVQRWRFFXUUHG
LQ D VLQJOH GLVHDVH WKH V\VWHPDWLF DQG FRPSUHKHQVLYH VWXG\ZLWK YDULRXV
GLDJQRVHVDQGODUJHVDPSOHVLVQHFHVVDU\WR¿QGWKHELRORJLFDODQGJHQHWLF
SUHGLFWRUVRIVXLFLGDOEHKDYLRU
.(< :25'6 6XLFLGH %LRORJLFDO PDUNHU *HQHWLF PDUNHU 3UHGLFWLRQ
6HURWRQLQ1HXURWUDQVPLWWHU
6
(OHFWURFRQYXOVLYH7KHUDS\LQ'HSUHVVLRQ
6
0XVFXORVNHOHWDO0RUELGLW\ZLWK8QPRGLILHG(&7
&KLWWDUDQMDQ$QGUDGH
1DWLRQDO,QVWLWXWHRI0HQWDO+HDOWKDQG1HXURVFLHQFHV%DQJDORUH
,QGLD
6DULND0DKDGHVKZDU6DYLWD%KDNWD0DKHVK%KLUXG1LOHVK6KDK

%DFNJURXQG &ODVVLFDO OLWHUDWXUH GHVFULEHV D KLJK LQFLGHQFH RI YHUWHEUDO
IUDFWXUHVDQGRWKHUPXVFXORVNHOHWDOFRPSOLFDWLRQVZLWKXQPRGL¿HGHOHFWUR
FRQYXOVLYH WKHUDS\ (&7 QHYHUWKHOHVV XQPRGL¿HG(&7 FRQWLQXHV WR EH
DGPLQLVWHUHGLQPDQ\SDUWVRIWKHZRUOG
0HWKRGV:HDVVHVVHGPXVFXORVNHOHWDOPRUELGLW\ZLWKXQPRGL¿HG(&7LQ
WZR VHULHVRISDWLHQWV ,Q WKH¿UVW VHULHV FRQYHQWLRQDO;5D\¿OPVRI WKH
WKRUDFROXPEDU VSLQHZHUH URXWLQHO\REWDLQHGEHIRUH DQG DIWHU D FRXUVHRI
 (&7V LQ  FRQVHFXWLYH SDWLHQWV UHFHLYLQJ XQPRGL¿HG VLQXVRLGDO ZDYH
WUHDWPHQWV3DWLHQWVZHUHDOVRURXWLQHO\DVNHGDERXWEDFNDFKH,QWKHVHFRQG
VHULHV GLJLWDO ;5D\V RI WKH WKRUDFROXPEDU VSLQH ZHUH REWDLQHG DIWHU D
YDULDEOH QXPEHU RI XQPRGL¿HG (&7V LQ  IXUWKHU FRQVHFXWLYHO\ WUHDWHG
SDWLHQWV
5HVXOWV,QWKH¿UVWVHULHVEDFNDFKHZDVH[SHULHQFHGE\RISDWLHQWV
WKHV\PSWRPZDVVHYHUHLQ6HYHUHEDFNDFKHGHYHORSHGHDUO\GXULQJ
WKH(&7FRXUVH DQGZDV FRPPRQHU LQ ROGHU SDWLHQWV*HQGHU KHLJKW DQG
ZHLJKWGLGQRWSUHGLFWHLWKHUSUHVHQFHRUVHYHULW\RIEDFNDFKH2QHSDWLHQW
H[SHULHQFHGDYHUWHEUDO IUDFWXUHZKLFKZDVQRW FRQVLGHUHG VHULRXV ,Q WKH
VHFRQGVHULHVDJDLQRQO\SDWLHQWH[SHULHQFHDQRQVHULRXVYHUWHEUDOIUDF
WXUH,QQHLWKHUVHULHVGLGDQ\RWKHUPXVFXORVNHOHWDOFRPSOLFDWLRQGHYHORS
&RQFOXVLRQV7KHVH¿QGLQJVRIDLQFLGHQFHRIVXEFOLQLFDOYHUWHEUDOIUDF
WXUHFRQWUDVWZLWKKLVWRULFDOGHVFULSWLRQVRIDLQFLGHQFHRIDGYHUVH
RUWKRSHGLFHYHQWVZLWKXQPRGL¿HG(&7$W OHDVWZLWK UHIHUHQFH WR ,QGLDQ
SDWLHQWVPXVFXORVNHOHWDOPRUELGLW\ZLWKXQPRGL¿HG(&7PD\EHOHVVWKDQ
HDUOLHUEHOLHYHGWKLVVXJJHVWVWKDWLQXQXVXDOFLUFXPVWDQFHVLQZKLFK(&7
LV LQGLFDWHGEXWVHL]XUHPRGL¿FDWLRQ LVQRWIHDVLEOHXQPRGL¿HG(&7PD\
EHDSRVVLEOHRSWLRQ
6
$FHJHQH3RO\PRUSKLVPVDQG+SDD[LV'\VUHJXODWLRQDUH
,QIOXHQFLQJWKH&OLQLFDO(IIHFWLYHQHVVRI(OHFWURFRQYXOVLYH
7KHUDS\
7KRPDV&%DJKDL
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\
/XGZLJ0D[LPLOLDQ8QLYHUVLW\RI0XQLFK1XVVEDXPVWUDVVH
'0XQLFK*HUPDQ\
'DQLHOD(VHU&RUQHOLXV6FKOH&DUROLQH1RWKGXUIWHU3HWHU=LOO
3HWHU=ZDQ]JHU%ULJLWWD%RQG\5DLQHU5XSSUHFKW
2EMHFWLYHV $QJLRWHQVLQ FRQYHUWLQJ HQ]\PH $&( LV H[SUHVVHG LQ WKH
FHQWUDOQHUYRXVV\VWHPZKHUH LWVSULPDU\IXQFWLRQFRPSULVHVGHJUDGDWLRQ
RIQHXURSHSWLGHVLQFOXGLQJVXEVWDQFH363%HFDXVHRIWKHSRVVLEOHDQWL
GHSUHVVDQWHIIHFWVRI63DQWDJRQLVWVWKHLQÀXHQFHRI63RQERWKSDWKRSK\VL
RORJ\DQGPLWLJDWLRQRIGHSUHVVLRQKDVEHHQK\SRWKHVL]HG ,WZDV VKRZQ
WKDW ERWK WKH$&( SODVPD FRQFHQWUDWLRQV DQG +3$D[LV K\SHUDFWLYLW\ LV
GHWHUPLQHGE\DQ,QVHUWLRQ'HOHWLRQ,'DQGE\VLQJOHQXFOHRWLGSRO\PRU
SKLVPV613ZLWKLQWKH$&(JHQH,QDGGLWLRQWKHVHSRO\PRUSKLVPVKDYH
LPSDFWRQWKHUDSHXWLFHI¿FDF\RIDQWLGHSUHVVDQWSKDUPDFRWKHUDSLHV
6RIDUHOHFWURFRQYXOVLYHWKHUDS\(&7KDVEHHQSURYHQWREHDQHIIHFWLYH
WRROIRU WKHWUHDWPHQWRI WUHDWPHQWUHIUDFWRU\GHSUHVVLRQ+RZHYHUQRWDOO
SDWLHQWVUHVSRQGWR(&7GXULQJDQFOLQLFDOO\DFFHSWDEOHWLPHFRXUVH,QFHU
WDLQFDVHVVXEVHTXHQWFOLQLFDOUHVSRQVHFDQEHDFKLHYHGE\XVLQJELODWHUDO
RUKLJKGRVHXQLODWHUDO(&7$OVRDFRQFRPLWDQWSKDUPDFRWKHUDSHXWLFDS
SURDFKFDQEHXVHGWRDXJPHQWWKHUDSHXWLFHI¿FDF\DQGWRVKRUWHQWKHWLPH
WRFOLQLFDOLPSURYHPHQW'DWDDUHODFNLQJDVWRZKHWKHUWKHVSHHGRIFOLQLFDO
LPSURYHPHQW DQG WKH UHVSRQVH UDWH WR (&7 DUH LQÀXHQFHG E\ +3$D[LV
G\VUHJXODWLRQRUYDULDQWVRIWKH$&(JHQH
0HWKRGV:H LQYHVWLJDWHG WZR LQGHSHQGHQW VDPSOHV ZLWK D WRWDO RI 
XQUHODWHGXQLSRODUGHSUHVVHGSDWLHQWVDQGSV\FKLDWULFDOO\KHDOWK\FRQ
WUROV KHDOWK\ FRQWUROV WR GHWHFW DVVRFLDWLRQV RI$&( JHQH SRO\PRUSKLVPV
ZLWK XQLSRODU GHSUHVVLRQ 613VZHUH JHQRW\SHGZLWKLQ WKH$&(JHQH
UHJLRQLQDGGLWLRQ$&(VHUXPDFWLYLW\DQG+3$D[LVDFWLYLW\ZHUHVWXGLHG
:HDQDO\]HGWKHWUHDWPHQWFRXUVHVRIDQWLGHSUHVVDQWUHVLVWDQWSDWLHQWVWR
GHWHFWGHSHQGHQFLHVEHWZHHQWKHRQVHWRIUHVSRQVHWR(&7PRQRWKHUDS\DQG
JHQHWLFYDULDQWV
5HVXOWV +3$D[LV K\SHUDFWLYLW\ LQ WKH FRPELQHG 'H[&5+WHVW VKRZHG
GLIIHUHQFHVEHWZHHQ(&7WUHDWPHQWUHVSRQGHUVDQGQRQUHVSRQGHUVZLWKRXW
VXI¿FLHQWSRZHUWRSUHGLFWWKHWUHDWPHQWUHVSRQVH+RZHYHUZHFRXOGVKRZ
DGLYHUJHQWFOLQLFDORXWFRPHLQUHODWLRQWRGLIIHUHQW$&(JHQRW\SHVLQGH
SUHVVHGSDWLHQWVZKRZHUHUHVLVWDQWWRVHYHUDODQWLGHSUHVVDQWVDQGXQGHUYHQW
DQ(&7WUHDWPHQWFRXUVH3DWLHQWVZLWKDKRPR]\JRWHGHOHWLRQLQWKH$&(
JHQH VLPLODU WR SDWLHQWV KRPR]\JRXV IRU WKH613 UV7DOOHOH DQG WKH
UV*DOOHOHUHVSRQGHGWR(&7IDVWHUWKDQDOORWKHUJURXSV
&RQFOXVLRQV2XU LQYHVWLJDWLRQJLYHV WKH¿UVWKLQW WKDW WKHVSHHGRIRQVHW
GXULQJDQ(&7WUHDWPHQWFRXUVHLVGHSHQGHQWRIYDULDQWVRIWKH$&(JHQH
&OLQLFDO FRQVHTXHQFHV FRXOG SRVVLEO\ EH DQ HDUOLHU UHFRPPHQGDWLRQ RI
ELODWHUDO RU KLJK GRVH (&7 LQ SDWLHQWV ZLWK D ORZHU SUREDELOLW\ RI D IDVW
UHVSRQVH
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
&OLQLFDODQG&RJQLWLYH(IIHFWVRI%LIURQWDO9HUVXV5LJKW
8QLODWHUDO(OHFWURFRQYXOVLYH7KHUDS\(&7LQ3KDUPDFR
5HVLVWDQW0DMRU'HSUHVVLRQ
*HUKDUG:(VFKZHLOHU
8QLYHUVLWlWVNOLQLNIU3V\FKLDWULHXQG3V\FKRWKHUDSLH7ELQJHQ
'HXWVFKODQG
5HLQKDUG9RQWKHLQ%DUEDUD:LOG5DLQHU%RGH0LFKDHO+OO
$QGUHDV&RQFD0DWKLDV%DUWHOV:LOIULHG6FKORWWHU
%DFNJURXQG7KH RSWLPDO ORFDOLVDWLRQ RI WKH VWLPXOXV HOHFWURGHV LQ HOHF
WURFRQYXOVLYH WKHUDS\ (&7 LV VWLOO XQGHU GHEDWH 5LJKW ODWHUDO (&7 KDG
OHVV FRJQLWLYH VLGH HIIHFWV WKDQ ELIURQWRWHPSRUDO (&7 EXW KDG DOVR OHVV
DQWLGHSUHVVLYH HI¿FLDF\ 7KLV VWXG\ DGGUHVVHG WKH LVVXHZKHWKHU ELIURQWDO
(&7ZLOO FRPELQH WKHKLJK HI¿FDF\RI ELIURQWRWHPSRUDO(&7ZLWKPLQRU
FRJQLWLYHVLGHHIIHFWVEHFDXVHWKHWHPSRUDOSROHVDUHGRUVDOWRWKHFHQWHURI
WKHLQGXFHGHOHFWULF¿HOG
0HWKRGV ,Q D SURVSHFWLYH UDQGRPL]HG GHVLJQ  SDWLHQWV VXIIHULQJ IURP
SKDUPDFRUHVLVWDQWPDMRU GHSUHVVLRQ '60B,9 UHFHLYHG HLWKHU VL[ ULJKW
ODWHUDO(&7VWLPXOXVLQWHQVLW\RIWLWUDWHGWKUHVKROGGXULQJ¿UVWVHV
VLRQRUVL[WUHDWPHQWVRIELIURQWDO(&7RIWKUHVKROGZLWKLQZHHNV
7KHFOLQLFDOLPSURYHPHQWZDVGRFXPHQWHGE\+DPLOWRQ'HSUHVVLRQ6FRUHV
+$0'7KHFRJQLWLYHVWDWHZDVWHVWHGSULRUWRWKH¿UVW(&7DQGRQHGD\
DIWHU WKH VL[WK (&7 E\PRGL¿HGPLQLPHQWDO 6FRUH 006 ¿JXUDO DQG
YHUEDOÀXHQF\DQWHURJUDGH¿JXUDODQGYHUEDOPHPRU\
5HVXOWV%RWK(&7SURFHGXUHVZHUHZHOO WROHUDWHGSDWLHQWVGURSSHGRXW
GXULQJWKH(&7VHULHVEHFDXVHRIPLQRUVLGHHIIHFWVRUVXEMHFWLYHFRPSODLQWV
7KHUHZHUHQRVHYHUHVLGHHIIHFWVDOWKRXJKPRVWRIWKHSDWLHQWVKDGFRQVWDQW
SV\FKRWURSLFFRPHGLFDWLRQOLNHDQWLGHSUHVVDQWVDW\SLFDODQWLSV\FKRWLFVDQG
OLWKLXP 7KHUH ZDV QR GHFUHDVH LQ WKH 006 PHDQ VFRUH  IURP 
SRLQWVRULQDQ\RWKHUFRJQLWLYHGRPDLQWHVWHG7KHPHDQ+$0'GHFUHDVHG
IURPWRSRLQWVLQERWKJURXSVUHVXOWLQJLQUHVSRQGHUVGHFUHDVH!
+$0'HLWKHULQWKHELIURQWDOJURXSQ RULQWKHULJKWODWHUDOJURXS
Q  VR WKDW QR VLJQL¿FDQW FOLQLFDO GLIIHUHQFHV EHWZHHQ WUHDWPHQW DUPV
FRXOGEHGHWHFWHG
&RQFOXVLRQV7KLVLVWKH¿UVWSURVSHFWLYHPHGLXPVL]HG(&7VWXG\FRPSDU
LQJWKHHDUO\FOLQLFDOHIIHFWVRIELIURQWDODQGULJKWODWHUDO(&77KHVL[
XQLODWHUDO(&7RUELIURQWDO(&7ZHUHVDIHEXWQRWYHU\HI¿FLDQW
DJDLQVWPDMRUGHSUHVVLRQLQWKLVVHOHFWHGVWXG\SDWLHQWVRQPHGLFDWLRQZLWK
SKDUPRFRUHVWLVWDQWGHSUHVVLRQ7KHVWXG\XQGHUOLQHVWKHUHFHQWSURFHGXUH
WR VHW HQHUJ\ LQ ULJKW ODWHUDO (&7 WR  RI WKUHVKROG WR LQFUHDVH
UHVSRQVH UDWHV7KH ORFDOLVDWLRQRI WKH LQGXFHGHOHFWULF¿HOG VHHPVQRWEH
FULWLFDOWRWKHGLIIHUHQWFRJQLWLYHGRPDLQV
$FNQRZOHGJHPHQW 7KH VWXG\ZDV VXSSRUWHG E\ WKH.OLQLNXP7ELQJHQ
$.)
6
0RGHRI$FWLRQRI(OHFWURFRQYXOVLYH7KHUDS\±D5HYLHZ
-RDFKLP6FKDUIHWWHU
8QLYHUVLWlWVNOLQLNIU3V\FKLDWULH.OLQ$EWI$OOJ3V\FKLDWULH
9LHQQD$XVWULD
5LFKDUG)UH\6LHJIULHG.DVSHU
(I¿FDF\RI(&7LQWKHWUHDWPHQWRISV\FKLDWULFGLVHDVHVKDVORQJVLQFHEHHQ
DPDMRU SDUDGLJP IRU WKHLU ELRORJLFDO EDVLV 7KHPRGH RI DFWLRQ RI (&7
±ZKDWDOWHUDWLRQRIPROHFXODUSDWKZD\VH[DFWO\FRQVWLWXWHVLWVHI¿FDF\±KDV
EHHQWKHWRSLFRIYDULRXVVWXGLHVLQUHFHQW\HDUV
0RVWNQRZOHGJH WRGDWH VWHPV IURPDQLPDOPRGHOVRIGHSUHVVLRQDQG WKH
LQIRUPDWLRQ JDWKHUHG LV SUHIHUHQWLDOO\ FRPSDUHG WR ELRORJLFDO YDULDWLRQV
DIWHU SKDUPDFRORJLFDO WUHDWPHQW $ YDULHW\ RI VLPLODULWLHV EXW VLJQL¿FDQW
GLIIHUHQFHVWRRFDQEHGHOLQHDWHG
,QRXUSUHVHQWDWLRQZHZLOOJLYHDQRYHUYLHZRIWKHPROHFXODUV\VWHPVVWXG
LHGRIUHOHYDQWWKHRULHVIRUPXODWHGUHJDUGLQJWKLVWRSLFZHZLOOSUHVHQWNH\
SDSHUVDQGZLOOWU\WRGHOLQHDWHSRWHQWLDOIXWXUHGHYHORSPHQWV
6
7KH:3$3RVLWLRQ6WDWHPHQWRQWKHXVHDQGVDIHW\RI
(OHFWURFRQYXOVLYH7KHUDS\,WVUHOHYDQFHWRWKHWUHDWPHQWRI
'HSUHVVLRQ
*HRUJH&KULVWRGRXORX
6HFWLRQ RI %LRORJLFDO 3V\FKLDWU\ RI WKH :RUOG 3V\FKLDWULF $VVRFLDWLRQ
*UHHFH
0RKDPPHG$ERX6DOHK<LDQQLV3DSDNRVWDV,DQQLV=HUYDV
7KH LQWURGXFWLRQ RI (OHFWURFRQYXOVLYH 7KHUDS\ (&7 IRU WKH WUHDWPHQW
RI VHYHUH GHSUHVVLYH LOOQHVV LV RQH RI WKHPRVW GUDPDWLF GHYHORSPHQWV LQ
3V\FKLDWU\ ,W LV HYLGHQWO\ WKHPRVW HIIHFWLYH WUHDWPHQW IRU VHYHUH GHSUHV
VLYHLOOQHVVFRPSDUHGZLWKDOORWKHUPRGDOLWLHVDQGLVDWOHDVWDVVDIHDVDQ\
SKDUPDFRORJLFDOWUHDWPHQW
6XFFHVVIXOPDQDJHPHQWLVEDVHGRQFRPSUHKHQVLYHDVVHVVPHQWIRUPXODWLRQ
DQG LPSOHPHQWDWLRQ RI D WUHDWPHQW SODQ7UHDWPHQW LV FDWHJRUL]HG LQWR DQ
DFXWHSKDVHDFRQWLQXDWLRQSKDVHDQGDSURSK\ODFWLFPDLQWHQDQFHSKDVH
(&7VKRXOGEHFRQVLGHUHGDIWHUFDUHIXOGLDJQRVLVRIWKHLOOQHVVZLWKDVVHVV
PHQWRIWKHEDODQFHRISRWHQWLDOEHQH¿WVDQGSRWHQWLDOULVNVLQFOXGLQJULVNV
RIDQDHVWKHVLDSK\VLFDOFRQGLWLRQDQWLFLSDWHGDGYHUVHHYHQWVSDUWLFXODUO\
FRJQLWLYHLPSDLUPHQWDQGWKHULVNRIQRWKDYLQJWUHDWPHQW
7KHPDLQ LQGLFDWLRQV DUH GHSUHVVLYHGLVRUGHU SDUWLFXODUO\ZLWKSV\FKRWLF
V\PSWRPVGHSUHVVLRQZLWKKLJKULVNRIVXLFLGHKDUPWRRWKHUVVHOIQHJOHFW
DQGSK\VLFDOGHWHULRUDWLRQ(&7LVDVVRFLDWHGZLWKKLJKUDWHVRIUHODSVHIRO
ORZLQJ UHPLVVLRQ RI D GHSUHVVLYH GLVRUGHU DQG LW LV VWURQJO\ DGYRFDWHG WR
XVH FRQWLQXDWLRQ SKDUPDFRWKHUDS\ IRU D SHULRG RI ZHHNV IROORZLQJ
UHPLVVLRQRIWKHLOOQHVV
6
,V8QLSRODU'HSUHVVLRQ6WLOOWKH0RVW5HOHYDQW*URXSRI
$IIHFWLYH'LVRUGHUV"
6
,V8QLSRODU'HSUHVVLRQ6WLOOWKH0RVW5HOHYDQW*URXSRI
$IIHFWLYH'LVRUGHU"
-XOHV$QJVW
=XULFK8QLYHUVLW\3V\FKLDWULF+RVSLWDO6ZLW]HUODQG
$OH[*DPPD)HOL[$QJVW5HJLQD*HUEHU:HUGHU9ODGHWD
$MGDFLF'RPLQLTXH(LFK:XOI5|VVOHU
%DFNJURXQG7KHUHLVZLGHDJUHHPHQWWKDWXQLSRODUPDMRUGHSUHVVLRQ83
LVRYHUGLDJQRVHGDWWKHH[SHQVHRIELSRODUGLVRUGHU%383LVQHJDWLYHO\
GH¿QHGE\WKHDEVHQFHRIK\SRPDQLDPDQLDZKLFKLVRIWHQQRWUHFRJQLVHG
5HFHQWHSLGHPLRORJLFDOVWXGLHVZLWKLPSURYHGPHWKRGRORJ\UHSRUWLQFUHDV
LQJUDWHVRI%3DQGORZHUUDWHVRI83%HWWHUVWHPTXHVWLRQVDQGWKHXVHRI
QHZO\ GHYHORSHG VFUHHQLQJ LQVWUXPHQWV FDQ UHGXFH WKH RYHUGLDJQRVLV RI
GHSUHVVLRQ 7KH GH¿QLWLRQ RI %3,, GLVRUGHU LV DOVR FRQVLGHUHG WR EH WRR
VWULFWDQGZHKDYHVXJJHVWHGDEURDGHUFRQFHSWRI%3,,DQGPLQRUELSRODU
GLVRUGHUVZKLFKLGHQWL¿HGKDOIWKHGHSUHVVLYHVDVELSRODUV
0HWKRGV ,Q WZR VWXGLHV D  SDWLHQWV ZLWK PDMRU DIIHFWLYH GLVRUGHUV
KRVSLWDOLVHGLQWKHSHULRGWRZHUHIROORZHGXSDVWRFRXUVHHYHU\
¿YH\HDUVXQWLODQGPRUWDOLW\ZDVDVVHVVHGXSWREDFRKRUWRI
VXEMHFWVIURPWKHFRPPXQLW\ZDVVWXGLHGSURVSHFWLYHO\IURPWR
DQGGLDJQRVHGE\'60FULWHULD
5HVXOWV$GD$WDQ\WLPHRIOLIHUHFXUUHQWGHSUHVVLRQFDQFRQYHUWLQWR%3
,QDOLIHORQJVWXG\RISDWLHQWVZKRVH¿UVWHSLVRGHZDVGHSUHVVLRQ0'(
ZHREVHUYHGDGLDJQRVWLF FRQYHUVLRQ WR%3 LQ WRZLWKD UDWKHU
FRQVWDQWFRQYHUVLRQUDWHRISHU\HDURIREVHUYDWLRQLQWRROGDJH
&RPSDUHG WR %3 SDWLHQWV 83 SDWLHQWV PDQLIHVWHG D PRUH EHQLJQ FRXUVH
ZLWKKDOIDVPDQ\HSLVRGHVRYHUOLIHWLPHDQGORZHUFKURQLFLW\UDWHVEXW83
FRPPLWWHG VXLFLGH VLJQL¿FDQWO\PRUHRIWHQ7KH ODWWHU¿QGLQJ FRQ¿UPLQJ
RWKHUVWXGLHVVKRZV83GHSUHVVLRQWREHDFRQVWDQWPDMRUKHDOWKSUREOHP
DOWKRXJK VXLFLGHV FRXOG EH VXEVWDQWLDOO\ SUHYHQWHG E\ FRPELQDWLRQV RI
OLWKLXPDW\SLFDOQHXUROHSWLFVDQGWULF\FOLFDQWLGHSUHVVDQWVLQORZHUGRVHV
$GE/LNHRWKHUDXWKRUVZHIRXQGDJHQGHU)0UDWLRRILQ83ODUJHO\
H[SOLFDEOH E\ DW\SLFDO GHSUHVVLRQ $' ZLWKRXW$' WKH JHQGHU UDWLR RI
0''ZDVRQO\DQGWKDWRI%3,,GLVRUGHU$'ZDVHVSHFLDOO\DVVRFL
DWHGZLWKPLJUDLQHHDWLQJGLVRUGHUVDQGQHXUDVWKHQLD0HODQFKROLFGHSUHV
VLRQZDVPRUHIUHTXHQWDPRQJ%3,,WKDQPDMRUGHSUHVVLYHGLVRUGHUVZLWK
!&&%#4)6%¬$)3/2$%23¬5.)0/,!2	¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
DVOLJKWSUHSRQGHUDQFHRIZRPHQUDWLR)0 
7KHUHODWLRQVKLSVRIQHXUDVWKHQLDDQGVRPDWLFGHSUHVVLRQWR83DQG%3DUH
DVXEMHFWRIRXURQJRLQJUHVHDUFK
5LVNIDFWRUVIRU83ZHUHVH[SRVLWLYHIDPLO\KLVWRU\RIGHSUHVVLRQKLJKHU
LQFRPHRISDUHQWVDQGYHJHWDWLYHODELOLW\DWDJH2WKHUVRFLDOIDFWRUV
VHOIHVWHHP DQGPDVWHU\ ZHUH QRW SUHGLFWLYH IRU 83$ IDPLO\ KLVWRU\ RI
DOFRKROLVPZDVQHJDWLYHO\DVVRFLDWHGZLWK83
&RQFOXVLRQV$OWKRXJK%3LVFOLQLFDOO\PRUHVHYHUHZLWKKLJKHUUHFXUUHQFH
DQGFRPRUELGLW\83UHPDLQVDPDMRUKHDOWKSUREOHP,WLVDKLJKO\SUHYDOHQW
DQGVXLFLGDOIRUPRIGHSUHVVLRQSUHSRQGHUDQWO\DPRQJZRPHQLQZKRPLW
KDVDFKDUDFWHULVWLFDQGHVSHFLDOO\UHOHYDQWFRPRUELGLW\
6
7KH,QFUHDVLQJ7HUUDLQRI%LSRODU6SHFWUXP'LVRUGHUV
+DJRS6$NLVNDO
8QLYHUVLW\RI&DOLIRUQLDDW6DQ'LHJR86$
2EMHFWLYHV7RGRFXPHQWWKHLQFUHDVLQJUDWHRIELSRODUVSHFWUXPGLVRUGHUV
LQFOLQLFDOVDPSOHVIURPGLIIHUHQWFRXQWULHV
0HWKRGV7KHDXWKRUKDVEHHQLQYROYHGLQVHYHUDO86)UHQFKDQG,WDOLDQ
FROODERUDWLYHVWXGLHVXVLQJVWDQGDUGL]HGDVVHVVPHQWWRROVDQGH[WHUQDOYDOL
GDWLQJVWUDWHJLHVVXFKDVIDPLO\KLVWRU\
5HVXOWV ,Q D 0HPSKLV FRPPXQLW\ PHQWDO KHDOWK FOLQLF RI FRQVHFXWLYH
 SDWLHQWVZLWK DIIHFWLYH LOOQHVV WKH XQLSRODU ELSRODU UDWLRZDV  LQ
WHUHVWLQJO\ELSRODU,,ZDVDVFRPPRQDVELSRODU,,QWKH)UHQFK(3,'('
&ROODERUDWLYH6WXG\RI DW OHDVW PDMRUGHSUHVVLYH HSLVRGHV ZHUH
ELSRODUELSRODU,ZDVXQFRPPRQFRQWULEXWLQJWRQRPRUHWKDQRIWKLV
¿JXUH ,Q WKH5DYHQQD6DQ'LHJR&ROODERUDWLRQRQPRUH WKDQSULYDWH
SDWLHQWVZLWK0'(XS WRFRXOGEHGLDJQRVHGELSRODU VSHFWUXPWKLV
VDPSOH H[FOXGHGELSRODU ,7KH UHDVRQV IRU WKH VKULQNLQJRI WKHXQLSRODU
JURXS LVGXH WR VHYHUDO IDFWRUVEHWWHUPHWKRGV IRU HYDOXDWLQJK\SRPDQLD
VKRUWHQLQJ WKH GXUDWLRQ RI K\SRPDQLD WR  GD\V RUPRUH LQFOXGLQJ FDVHV
LUUHVSHFWLYH RI SUHVXPHG LQGXFWLRQE\ DQWLGHSUHVVDQWV %3,,, DQGXVLQJ
WHPSHUDPHQWVVXFKDVF\FORWK\PLDDQGK\SHUWK\PLDWRFDUYHRXWVXFKHQWL
WLHVDVF\FORWK\PLFGHSUHVVLRQVELSRODU,,òDQGK\SHUWK\PLFGHSUHVVLRQV
%3,9DQGGHSUHVVLYHPL[HGVWDWHVLQWUXVLRQRIK\SRPDQLFHOHPHQWVLQWR
0'(PLJKWUHSUHVHQW\HWDQRWKHUVXEW\SH%39"
&RQFOXVLRQV ,W LV QR ORQJHU FOHDU ZKDW XQLSRODU UHIHUV WR 7HQWDWLYHO\
PRRGGLVRUGHUVFDQEHUDWHGRQDVSHFWUXPRIELSRODULW\IURPW\SH, WR9
DQGEH\RQGRUUHYHUVLQJWRIURP]HURWR7KHPRVWFRPPRQIRUPVDUH
QRWWKHH[WUHPHV83RU%3,EXW WKHVRIWVSHFWUXPRIELSRODU,,6XFKD
EURDG VSHFWUXPSHUVSHFWLYHKDV DPDMRU LPSOLFDWLRQ IRU UHVHDUFKSUDFWLFH
DQGSXEOLFKHDOWK
5HIHUHQFHV
$NLVNDO+60DOO\D*&ULWHULDIRUWKH³VRIW´ELSRODUVSHFWUXP7UHDWPHQW
LPSOLFDWLRQV3V\FKRSKDUPDFRO%XOO
$NLVNDO+6%HQD]]L))DPLO\KLVWRU\YDOLGDWLRQRI WKHELSRODUQDWXUHRI
GHSUHVVLYHPL[HGVWDWHV-$IIHFW'LVRUG
$NLVNDO+6HWDO7KHSKHQRPHQRORJ\RIWKHELSRODUVSHFWUXPWKHUHODWLYH
SUHYDOHQFHRIFOLQLFDOVXEW\SHVLQWKH)UHQFK1DWLRQDO(3,'(3VWXG\-$I
IHFW'LVRUGLQSUHVV
6
*HUPDQ5HVHDUFK1HWZRUNRQ'HSUHVVLRQ2QH<HDU5HVXOWV
RIWKH/RQJWHUP6WXG\RQ8QLSRODU'HSUHVVLRQ
+DQV-UJHQ0|OOHU
'HSDUWPHQWRI3V\FKLDWU\/XGZLJ0D[LPLOLDQV8QLYHUVLW\
0XQLFK*HUPDQ\
:ROIJDQJ*DHEHO5RQDOG%RWWOHQGHU*HUG/DX[0D[6FKPDXVV
+HUEHUW3IHLIIHU
8QLSRODU GHSUHVVLRQ LV WKHPRVW SUHYDOHQW DQGXQGHU GLIIHUHQW DVSHFWV WKH
PRVWUHOHYDQWDIIHFWLYHGLVRUGHU,WWKHUHIRUHVHHPVQHFHVVDU\WROHDUQPRUH
DERXWUHVXOWVRIVKRUWWHUPWUHDWPHQWDQGORQJWHUPRXWFRPHXQGHUQDWXUDO
LVWLFFRQGLWLRQV
,Q WKHFRQWH[WRI WKH*HUPDQUHVHDUFKQHWZRUNGHSUHVVLRQVXLFLGDOLW\D
\HDUIROORZXSVWXG\ZDVSHUIRUPHGRQSDWLHQWVEHLQJWUHDWHGLQKRVSLWDOIRU
DQDFXWHGHSUHVVLYHHSLVRGH'XHWRWKHQHWZRUNVWUXFWXUHVHYHUDOXQLYHUVLW\
KRVSLWDOVDQGQRQDFDGHPLFKRVSLWDOVSDUWLFLSDWHGLQWKLVVWXG\WKXVJXDUDQ
WHHLQJDUHDVRQDEOHUHSUHVHQWDWLYHQHVVRIWKHUHVXOWV
$WWKHPRPHQWGDWDIURPDERXWSDWLHQWVDUHDYDLODEOHIRUWKHSUHOLPLQDU\
DQDO\VLV)LUVWUHVXOWVRIWKLVVWXG\GHPRQVWUDWHWKDWHYHQLQVXFKDVDPSOH
RIGHSUHVVLYHLQSDWLHQWVDKLJKSURSRUWLRQRIZKLFKZHUHWUDQVIHUUHGWRKRV
SLWDOGXHWRWUHDWPHQWUHVLVWDQFHXQGHURXWSDWLHQWFRQGLWLRQVWKHWUHDWPHQW
UHVXOWLVJHQHUDOO\VDWLVI\LQJ+RZHYHUZLWKDQDYHUDJHRIGD\VWKHPHDQ
GXUDWLRQ RI LQSDWLHQW WUHDWPHQW LV TXLWH ORQJ ZKLFK XQGHUOLQHV WKDW WKHVH
SDWLHQWVDUHGLI¿FXOWWRWUHDWDQGPRVWO\QHHGVHYHUDOVHTXHQFHVRIWUHDWPHQW
ZLWKGLIIHUHQWGUXJVDQGDOVRLQWHQVLYHFRPHGLFDWLRQVWUDWHJLHVDQGVRPH
WLPHV(&78QGHU WKHVH FRQGLWLRQV UHVSRQVH FDQ EH DFKLHYHG LQ DSSUR[L
PDWHO\RISDWLHQWVDUHHYHQUHPLWWHUVZKLFKVHHPVWREHTXLWHD
JRRGUHVXOW2QWKHRWKHUKDQGHYHQDIWHUVXFKORQJKRVSLWDOWUHDWPHQWDQG
XVLQJGUXJWUHDWPHQWVWUDWHJLHVRIDOONLQGVDWGLVFKDUJHIURPKRVSLWDODERXW
RISDWLHQWVGRQRWUHDFKWKHUHVSRQVHFULWHULRQRIUHGXFWLRQRIWKH
+DPLOWRQ'HSUHVVLRQ 6FDOH IURP DGPLVVLRQ7KHPRVW LPSRUWDQW SRLQW LV
WKDWWKHVWDJHRIUHVSRQVHDWGLVFKDUJHIURPKRVSLWDODIWHULQGH[DGPLVVLRQLV
FORVHO\DVVRFLDWHGZLWKWKHVHYHULW\RIGHSUHVVLRQDW\HDUIROORZXS7KLV
XQGHUOLQHVWKHQHHGWRIRUFHUHPLVVLRQRUUHVSRQVHDVIDUDVSRVVLEOHXVLQJDOO
NLQGVRIWUHDWPHQWVWUDWHJLHV%XWHYHQWKHQLWPLJKWEHQHFHVVDU\WRDFFHSW
WKDWDFHUWDLQVXEJURXSRIGHSUHVVLYHSDWLHQWVKDYHDPRUHRU OHVVFKURQLF
FRXUVHZKLFKKDVDOVREHHQGHPRQVWUDWHGE\RWKHUIROORZXSVWXGLHVVXFK
DVWKHKXJH1RUWK$PHULFDQRQH
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7KH WUHDWPHQW RI GHSUHVVLRQ LQ DFXWH DQG ORQJWHUP XQLSRODU GHSUHVVLRQ
KDV DGYDQFHG VXEVWDQWLDOO\ RYHU WKH SDVW  \HDUV 6SHFL¿FDOO\ ZLWK WKH
LQWURGXFWLRQRIPRGHUQDQWLGHSUHVVDQWVVWDUWLQJZLWKWKHJURXSRIVHOHFWLYH
UHXSWDNHLQKLELWRUV665,LWZDV¿UVWSRVVLEOHWRWUHDWSDWLHQWVHIIHFWLYHO\
ZLWKDQHJOLJLEOHVLGHHIIHFWSUR¿OH7KLVOLQHZDVIROORZHGE\IXUWKHUGH
YHORSPHQWVVXFKDVGXDODFWLQJDQWLGHSUHVVDQWVYHQODID[LQHPLOQDFLSUDQ
DQG UHFHQWO\GXOR[HWLQH$OWKRXJK WKH VWXGLHVDUHFRQGXFWHG LQD ULJRURXV
DQGPHWKRGRORJLFDOO\ VRXQGZD\ WKHUH DUH DQXPEHURITXHVWLRQVQRW DG
GUHVVHG ZKLFK GRFWRUV LQ WKHLU HYHU\GD\ FOLQLFDO SUDFWLFH ZRXOG OLNH WR
KDYHDQVZHUHG)RULQVWDQFHSDWLHQWVZLWKVHYHUHVXLFLGDOSUREOHPVDUHQRW
VWXGLHGIXUWKHUPRUHFRPRUELGLW\LVQRWDGGUHVVHGVXI¿FLHQWO\DQGRQVHW
RIDFWLRQKDVRQO\UHFHQWO\EHFRPHDWRSLFRIIXUWKHULQYHVWLJDWLRQ)RUORQJ
WHUP WUHDWPHQW H[LVWLQJ LQYHVWLJDWLRQVPRVWO\ SURYLGH RQO\ RQH\HDU GDWD
DOWKRXJKWUHDWPHQWUHFRPPHQGDWLRQVHPSKDVL]HLQDODUJHSHUFHQWDJHDOLIH
ORQJWUHDWPHQWUHJLPHQ,WVHHPVQHFHVVDU\WRXQGHUWDNHVXEVWDQWLDOHIIRUWV
WR VWXG\ GLIIHUHQW WUHDWPHQWPRGDOLWLHV LQ SRSXODWLRQV WKDW UHÀHFW FOLQLFDO
UHDOLW\7KHVH LQYHVWLJDWLRQV VKRXOGEHFDUULHGRXWZLWK WKH VDPH ULJRURXV
PHWKRGRORJ\REWDLQHGDOVRLQSKDVH,,DQGSKDVH,,,VWXGLHV$QRWKHUZD\
ZRXOG EH WR KDYH D FRPSXWHUL]HG DOJRULWKPSURMHFWZKLFK LV DYDLODEOH LQ
VSHFL¿FFHQWHUVZKLFKKRZHYHUUHTXLUHVDFRQVWDQWXSGDWHUHJLPHQ
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DQWLGHSUHVVLYH WUHDWPHQW RSWLRQV DQG WKH GHYHORSPHQW RI QHZFRPSRXQGV
RYHUWKHODVW\HDUV$XJPHQWDWLRQVWUDWHJLHVDQGPHGLFDWLRQDOJRULWKPV
KDYHEHHQGHYHORSHGWRRSWLPL]HDSSURSULDWHQHVVRIWUHDWPHQWVWUDWHJLHVDQG
FOLQLFDORXWFRPHV
0HWKRGV7KLVSUHVHQWDWLRQZLOOUHYLHZWKHOLWHUDWXUHRQWKHGH¿QLWLRQDQG
SUHYDOHQFH RI7'5 (YLGHQFH IURP FRQWUROOHG WUHDWPHQW WULDOV DQG UHFHQW
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ODUJHPHGLFDWLRQDOJRULWKPVZLOODOVREHSUHVHQWHG
5HVXOWV:KLOH WKHFOLQLFDO LPSRUWDQFHRIDFKLHYLQJDQGVXVWDLQLQJUHPLV
VLRQ LVZLGHO\ DFFHSWHG WKH ¿HOG KDV \HW WR FRPH WR FRQVHQVXV DV WR WKH
GH¿QLWLRQRIWUHDWPHQWUHVLVWDQWGHSUHVVLRQ,WLVZHOOGRFXPHQWHGIURPERWK
FOLQLFDOWULDOVDQGFOLQLFDOSUDFWLFHWKDWRISDWLHQWVGRQRWUHVSRQGWR
WKH¿UVWFRXUVHRIGUXJWUHDWPHQWDQGDQRWKHURIWKRVHQRQUHVSRQGHUV
DOVRGRQRWUHVSRQGWRDVHFRQGGLIIHUHQWWUHDWPHQW6XEVWDQWLDOQXPEHUVRI
RSHQXQFRQWUROOHG VZLWFKRU DXJPHQWDWLRQ VWXGLHV DUH DYDLODEOH EXWRQO\
D IHZ FRQWUROOHG FRPSDUDWLYH SURVSHFWLYH WULDOV VXJJHVW ZKLFK RI VHYHUDO
WUHDWPHQWVDUHSUHIHUUHGLIWKH¿UVWRUVXEVHTXHQWWUHDWPHQWVGRQRWDFKLHYH
VDWLVIDFWRU\RXWFRPHV7KXVWKHQHHGIRUPRUHSURVSHFWLYHFRQWUROOHGWULDOV
HVSHFLDOO\ WR FRPSDUH WZR RUPRUH SRWHQWLDOO\ DFWLYH WUHDWPHQWV LV FOHDU
$PRQJ WKHSRVVLEOH WUHDWPHQW VWUDWHJLHV IRUSDWLHQWVQRW UHVSRQGLQJ WRDQ
LQLWLDOWULDOZLWKDQDQWLGHSUHVVDQWDXJPHQWDWLRQZLWKOLWKLXPLVWKHIRUHPRVW
DQGPRVWZHOOGRFXPHQWHGVWUDWHJ\7KH%HUOLQ$OJRULWKP3URMHFWDQGWKH
7H[DV0HGLFDWLRQ$OJRULWKP3URMHFW 70$3 FRPSDUHG DOJRULWKPJXLGHG
WUHDWPHQWVZLWK³WUHDWPHQWDVXVXDO´7$8DQGGHPRQVWUDWHGVXSHULRULW\RI
DOJRULWKPJXLGHGWUHDWPHQWFRPSDUHGWR7$8
&RQFOXVLRQV7KHUH LV D FOHDUQHHG WRGHYHORS D FRQVHQVXVRQ WKHGH¿QL
WLRQ RI75' DQG IRUPRUH SURVSHFWLYH FRQWUROOHG WULDOV$XJPHQWDWLRQ RI
DQWLGHSUHVVDQWVZLWKOLWKLXPLVWKHEHVWGRFXPHQWHGDXJPHQWDWLRQVWUDWHJ\
DQGWKHUHIRUHUHFRPPHQGHGLQPDMRULQWHUQDWLRQDOJXLGHOLQHVDVWKH¿UVWOLQH
WUHDWPHQWVWUDWHJ\IRUSDWLHQWVZLWKDPDMRUGHSUHVVLYHHSLVRGHZKRGLGQRW
DGHTXDWHO\UHVSRQGWRVWDQGDUGDQWLGHSUHVVDQWWUHDWPHQW
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2EMHFWLYHV7R GHVFULEH DQQXDO DQG OLIHWLPH SUHYDOHQFH UDWHV RI5%' E\
JHQGHU FRPRUELGLW\ZLWKRWKHUSV\FKLDWULF V\QGURPHVDQG WUHDWPHQW UDWHV
ZLWKVSHFLDOFRQVLGHUDWLRQRIDVVRFLDWLRQVZLWKPDMRUPRRGGLVRUGHUV
0HWKRGV,QWKH=XULFKFRPPXQLW\FRKRUWVWXG\VXEMHFWVZHUHVHOHFWHG
DIWHUVFUHHQLQJDW WKHDJHRIDQGVWXGLHGSURVSHFWLYHO\E\ LQWHUYLHZV
IURPWRZHLJKWHGWKH\UHSUHVHQWVXEMHFWVRIWKHQRUPDOSRSXOD
WLRQ7KHGLDJQRVHVRI5%'PHW,&'DQG'60,9FULWHULD2WKHUGLDJ
QRVHVIROORZHG'60,,,'60,,,5DQG'60,9FULWHULD:HLJKWHGDQQXDO
DQGFXPXODWLYHSUHYDOHQFHUDWHVDFURVVWKHVWXG\ZHUHFRPSXWHG/RQJLWX
GLQDO FRPELQDWLRQV RI 5%'ZLWK ELSRODU,, %3,, DQGPDMRU GHSUHVVLYH
GLVRUGHUV0''ZLOOEHFRPSDUHGWRSXUHJURXSVRI%3,,DQG0''
5HVXOWV7KHDYHUDJHDQQXDOSUHYDOHQFHUDWHIRUDOO5%'ZDVDFURVV
VL[LQWHUYLHZVWKHFXPXODWLYHSUHYDOHQFHUDWHZDVPDOHVIH
PDOHV7KHSUHYDOHQFHUDWHRIFRPELQHGGHSUHVVLRQ5%'SOXVPDMRU
GHSUHVVLYHHSLVRGHVZDVDQG WKHSUHYDOHQFHRIFRPELQHGELSRODU,,
GLVRUGHU 5%' SOXV %3,, 7KH DVVRFLDWLRQ RI 5%'ZLWK ELSRODU,,
%3,,GLVRUGHUZDV VLJQL¿FDQW 25 &, EXWQRWZLWK
PDMRU GHSUHVVLYH GLVRUGHU 0''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25  &,  &RPSDUHG WR
SXUH%3,,FRPELQHG%3,,FDVHVKDGPXFKKLJKHUUDWHVRIVXLFLGHDWWHPSWV
YV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YV7KHFRPRUELGLW\SDW
WHUQ RI SXUH 5%' DQG SXUH %3,, VKRZHGPXFK ORZHU DVVRFLDWLRQV ZLWK
RWKHUSV\FKLDWULFV\QGURPHVWKHFRPRUELGJURXSKDGKLJKUDWHVRIVXLFLGH
DWWHPSWV25 DQGDOFRKROXVHGLVRUGHUV25 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5%'ZDV VLJQL¿FDQWO\ DVVRFLDWHGZLWK UHSHDWHG SDQLF DWWDFNV %3,, GLV
RUGHUV UHFXUUHQW EULHI K\SRPDQLD REVHVVLYHFRPSXOVLYH V\QGURPHV DQG
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D JUHDW H[WHQW 5%'ZDV DVVRFLDWHGZLWK VLPLODU VKRUWODVWLQJ V\QGURPHV
SDQLFDWWDFNVUHFXUUHQWEULHIK\SRPDQLDUHFXUUHQWEULHIDQ[LHW\UHFXUUHQW
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
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%UDLQGHULYHG QHXURWURSKLF IDFWRU %'1) DQG VHURWRQLQ WUDQVSRUWHU
6(57ERWKRIZKLFKKDYHEHHQDVVRFLDWHGZLWKSV\FKRSDWKRORJLFDOVWDWHV
DUHLPSRUWDQWJHQHVLQEUDLQGHYHORSPHQWDQGLQIXQFWLRQVUHODWHGWRPHPR
U\DQGHPRWLRQ*HQHWLFYDULDWLRQVRIWKH%'1)9DO0HWDQG6(57JHQH
+77/35 DIIHFW WKH IXQFWLRQ RI WKHVH SURWHLQV LQ QHXURQV DQG SUHGLFW
YDULDWLRQLQKXPDQPHPRU\DQGLQIHDUEHKDYLRU:HZHUHDEOHWRVKRZWKDW
6(57VFDUULHUVH[KLELWUHGXFHGJUD\PDWWHUYROXPHDQGIXQFWLRQLQOLPELF
UHJLRQV FULWLFDO WR WKH SURFHVVLQJ RI XQSOHDVDQW HPRWLRQ HVSHFLDOO\ WKH
VXEJHQXDOFLQJXODWHDQGELODWHUDODP\JGDODH3H]DZDVHWDOXQGHUUHYLHZ
+DULULHWDO)XUWKHUPRUHZHZHUHDEOHWRVKRZFRQVLVWHQWZLWKFHO
OXODUDQGFOLQLFDOHIIHFWVRIWKH%'1)9DO0HWSRO\PRUSKLVPDQGWKHUROH
RI%'1)LQFRUWLFDOGHYHORSPHQW3H]DZDVHWDODQGLQKLSSRFDPSDO
IXQFWLRQ (JDQ HW DO  5HFHQWO\ ZH FRXOG DOVR GHPRQVWUDWH WKDW WKH
9DO0HW%'1)SRO\PRUSKLVPPD\EHDPRGLI\LQJJHQHWLFIDFWRUIRU0D
MRU'HSUHVVLYH'LVRUGHU0''DQGSUREDEO\RWKHUPDMRUPRRGGLVRUGHUV
EHFDXVH LWDIIHFWVGHYHORSPHQWDQGSODVWLFLW\RIFULWLFDOVHURWRQHUJLFEUDLQ
V\VWHPVUHODWHGWRWKHH[SHULHQFHRIQHJDWLYHPRRGDQGPD\OHDGWRJHWKHU
ZLWKDEQRUPDOVHURWRQHUJLFIXQFWLRQVDOOHOHWRDQDQDWRPLFDOVXEVWUDWHUH
ÀHFWLQJDQLQFUHDVHGYXOQHUDELOLW\IRU0''2XUUHVXOWVDOVROLNHO\H[SODLQ
WKHLQFUHDVHGULVNRI0''DVVRFLDWHGZLWKWKHYDODOOHOHRI%'1)7KHIDFW
WKDW WKHVH UHVXOWVZHUH IRXQG LQ QRUPDO YROXQWHHUV 1  GHPRQVWUDWHV
WKDW WKHVHSXWDWLYHGHYHORSPHQWDO GLIIHUHQFHV DUH DPHFKDQLVPRIJHQHWLF
VXVFHSWLELOLW\ &RPSOLPHQWDU\ZHZLOO DOVR VKRZ GDWD IURP D ODUJHVFDOH
1 ORQJLWXGLQDOHSLGHPLRORJLFVXUYH\(DUO\'HYHORSPHQWDO6WDJHV
RI 3V\FKRSDWKRORJ\ ('63 VWXG\ H[DPLQLQJ SDUHQWDO WUDQVPLVVLRQ DQG
SUHYDOHQFHRIGLIIHUHQWSKHQRW\SHVRIPRRGGLVRUGHUV LQFOXGLQJ5HFXUUHQW
%ULHI'HSUHVVLRQ5%'7KHVHGDWDVXSSRUWWKHLGHDWKDWWKHFOLQLFDOSKH
QRW\SHRI5%'GRHVQRWVKDUHWKHVDPHJHQHWLFULVNIDFWRUVDV0''DQGLV
VLJQL¿FDQWO\KLJKHUYXOQHUDEOHWRHQYLURQPHQWDOVWUHVVRUVVXFKDVGLIIHUHQW
NLQGVRIOLIHHYHQWVWKDQ0''
:HZLOOGLVFXVVSRVVLEOHLPSOLFDWLRQVIRUELRORJLFDOUHVHDUFKLQWKH¿HOGRI
5%'DQGUHYLHZUHSRUWVRIGLIIHUHQWLDOSKDUPDFRORJLFDOUHVSRQVHWRDQWLGH
SUHVVLYHWUHDWPHQWLQWKHOLJKWRIWKHJHQHWLFPDNHXSRISDWLHQWVVXIIHULQJ
IURP0''DQG5%'
5HIHUHQFHV
&DVSL$HWDO,QÀXHQFHRIOLIHVWUHVVRQGHSUHVVLRQPRGHUDWLRQE\DSRO\
PRUSKLVPLQWKH+77JHQH6FLHQFH
(JDQ0)HWDO7KH%'1)9DO0HWSRO\PRUSKLVPDIIHFWVDFWLYLW\GH
SHQGHQWVHFUHWLRQRI%'1)DQGKXPDQPHPRU\DQGKLSSRFDPSDOIXQFWLRQ
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
&HOO
+DULUL$5HWDO6HURWRQLQWUDQVSRUWHUJHQHWLFYDULDWLRQDQGWKHUHVSRQVH
RIWKHKXPDQDP\JGDOD6FLHQFH
+DULUL$ 5 HW DO %UDLQGHULYHG QHXURWURSKLF IDFWRU9DO0HW SRO\PRU
SKLVP DIIHFWV KXPDQ PHPRU\UHODWHG KLSSRFDPSDO DFWLYLW\ DQG SUHGLFWV
PHPRU\SHUIRUPDQFH-1HXURVFL
+DULUL$5HWDO$VXVFHSWLELOLW\JHQHIRUDIIHFWLYHGLVRUGHUVDQGWKHUH
VSRQVHRIWKHKXPDQDP\JGDOD$UFK*HQ3V\FKLDWU\
3H]DZDV / HW DO 5HFXUUHQW EULHI GHSUHVVLRQSDVW DQG IXWXUH 3URJ 1HX
URSV\FKRSKDUPDFRO%LRO3V\FKLDWU\
3H]DZDV/HWDO5HFXUUHQWEULHIGHSUHVVLYHGLVRUGHUUHLQYHVWLJDWHGDFRP
PXQLW\ VDPSOHRI DGROHVFHQWV DQG\RXQJDGXOWV3V\FKRO0HG

3H]DZDV/HWDO7KH%UDLQ'HULYHG1HXURWURSKLF)DFWRU9DO0HW3RO\
PRUSKLVPDQG9DULDWLRQ LQ+XPDQ&RUWLFDO0RUSKRORJ\ -1HXURVFL 

3H]DZDV / HW DO +77/35 SRO\PRUSKLVP LPSDFWV DQDWRP\ DQG IXQF
WLRQRIDIIHFWLYHQHXUDOFLUFXLWU\$JHQHWLFPHFKDQLVPRIVXVFHSWLELOLW\WR
GHSUHVVLRQDQGDQ[LHW\GLVRUGHUVXQGHUUHYLHZ
6
1HXURFRJQLWLYH)XQFWLRQLQ5HFXUUHQW%ULHI'HSUHVVLRQ
+DQV/¡YGDKO
'HSWRI3V\FKRVRPDWLFDQG1HXUREHKDYLRXUDO0HGLFLQH5LNVKRV
SLWDOHW8QLYHUVLW\+RVSLWDO2VOR1RUZD\
6WHLQ$QGHUVVRQ(ULN7DXE¡OO/HLI*MHUVWDG)URGH:LOORFK
3DXOLQD'XH7¡QQHVVHQ$WOH%M¡UQHUXG7RU¿QQ+\QQHNOHLY
8OULN)U0DOW
2EMHFWLYHV5HFXUUHQWEULHIGHSUHVVLRQ5%'KDVEHHQLQFOXGHGLQ,&'
)EXWDOPRVWQRVWXG\H[LVWVDGGUHVVLQJWKHQHXURSV\FKRELRORJ\RI
WKLV UDWKHU IUHTXHQW DQGGLVDEOLQJGLVRUGHU:HDUH FXUUHQWO\ FRQGXFWLQJD
PXOWLGLVFLSOLQDU\VWXG\WRH[SORUHWKHSRWHQWLDOXQGHUO\LQJQHXURELRORJLFDO
PHFKDQLVPVRIUHFXUUHQWEULHIGHSUHVVLRQ5%'DQGUHODWHGUDSLGF\FOLQJ
DIIHFWLYHGLVRUGHUV
0HWKRGV 5HVHDUFK PHWKRGV FRYHULQJ FOLQLFDO SV\FKLDWU\ SV\FKRPHWULF
DVVHVVPHQWV ELRFKHPLFDO DVVHVVPHQWV QHXURSV\FKRORJ\ ((* FRJQLWLYH
HYHQWUHODWHG SRWHQWLDOV (53 63(&7 VWUXFWXUDO DQG IXQFWLRQDO 05,
HQGRFULQRORJ\DQGJHQHWLFVDUHHPSOR\HG7KLVSUHVHQWDWLRQZLOO IRFXVRQ
SUHOLPLQDU\UHVXOWVIURPPHWKRGVDVVHVVLQJQHXURFRJQLWLYHIXQFWLRQVFOLQL
FDOQHXURSV\FKRORJ\DQG(53ZLWKVSHFLDOHPSKDVLVRQDWWHQWLRQPHPRU\
DQGH[HFXWLYH IXQFWLRQV LQ UDSLGF\FOLQJSDWLHQWV DVVHVVHG LQ DQHXWK\PLF
VWDWH3DWLHQWVZLWK5%'ZLWKRXWHSLVRGHVRIK\SRPDQLDDQG5%'SDWLHQWV
ZLWKSUHYLRXVK\SRPDQLFHSLVRGHVDUHFRPSDUHGWRQRUPDOFRQWUROV
5HVXOWV 3UHOLPLQDU\ UHVXOWV LQGLFDWH G\VIXQFWLRQ LQ FRJQLWLYH GRPDLQV
UHODWHG WR ZRUNLQJ PHPRU\ H[HFXWLYH IXQFWLRQV PHPRU\ DQG DWWHQWLRQ
HVSHFLDOO\ DWWHQWLRQ LQYROYLQJ FRQÀLFW PRQLWRULQJ )XUWKHUPRUH SDWLHQWV
WKDW LQDGGLWLRQ WR UHFXUUHQWGHSUHVVLRQDOVRKDYHH[SHULHQFHGHSLVRGHVRI
K\SRPDQLDWHQGWRSHUIRUPVOLJKWO\SRRUHURQQHXURFRJQLWLYHSDUDPHWHUV
&RQFOXVLRQV 5HVXOWV LQGLFDWH VSHFL¿F QHXURFRJQLWLYH GH¿FLWV LQYROYLQJ
IURQWDODQGWHPSRUDOUHJLRQVLQHXWK\PLFSDWLHQWVZLWKDUDSLGF\FOLQJDIIHF
WLYHGLVRUGHUFRPSDUHGWRQRUPDOFRQWUROV5HVXOWVDUHGLVFXVVHGLQUHODWLRQ
WRF\FOLQJIUHTXHQF\XQLSRODUYVELSRODUGLVRUGHUDQGVWDWHYVWUDLWVSHFL¿F
G\VIXQFWLRQV
6
1HXURFRJQLWLYH)XQFWLRQLQ5HFXUUHQW%ULHI'HSUHVVLRQ
6WHLQ$QGHUVVRQ
'HSWRI3V\FKRVRPDWLFDQG1HXUREHKDYLRXUDO0HGLFLQH5LNVKRV
SLWDOHW8QLYHUVLW\+RVSLWDO2VOR1RUZD\
UHIHUWR$EVWDFW6DERYH
6
7UHDWPHQWRIUHFXUUHQWEULHIGHSUHVVLRQ&XUUHQWVWDWXV
6LHJIULHG.DVSHU
'HSDUWPHQWRI*HQHUDO3V\FKLDWU\0HGLFDO8QLYHUVLW\9LHQQD
$XVWULD
/XNDV3H]DZDV0DUD6WDPHQNRYLF-RDFKLP6FKDUIHWWHU
2QO\ D VPDOO IUDFWLRQ RI SDWLHQWV ZLWK UHFXUUHQW EULHI GHSUHVVLRQ 5%'
VHHNVSURIHVVLRQDOKHOS LQ WKHFRXUVHRI WKHLU OLYHV:KHUHDVDOPRVWDOORI
WKHSDWLHQWVUHFHLYHWUHDWPHQWZLWKSV\FKRWKHUDS\SDWLHQWVZLWK5%'KDUGO\
HYHUUHFHLYHSKDUPDFRORJLFDOPHGLFDWLRQV(SLGHPLRORJLFDOVWXGLHVUHYHDOHG
WKDWWKHSUHVFULSWLRQUDWHRISV\FKRWURSLFVXEVWDQFHVIRUSDWLHQWVZLWK5%'
LQJHQHUDOSUDFWLFHLVDUDWHWKDWLVIRULQVWDQFHORZHUWKDQWKHUDWH
IRUSDWLHQWVZLWKDJRUDSKRELD7KHIDFWWKDWDERXWWHQSHUFHQWRIDOO³SXUH´
5%'SDWLHQWVDQGDERXWRIDOOSDWLHQWVZLWKDOLIHWLPHFRRFFXUUHQFH
RI5%'DQGPDMRU GHSUHVVLRQ VRFDOOHG FRPELQHGGHSUHVVLRQ DWWHPSWHG
VXLFLGH =XULFK6WXG\GXULQJD WZRGHFDGHREVHUYDWLRQSHULRGXQGHUOLQHV
WKH QHHG IRU VXI¿FLHQW WUHDWPHQW &RQWUDVWLQJO\ DOPRVW WZR GHFDGHV DIWHU
WKH FRQFHSWXDOL]DWLRQ RI 5%' WKHUH LV VWLOO D ODFN RI WKHUDSHXWLF WULDOV$
IHZSODFHERFRQWUROOHGVWXGLHVRQHRSHQWULDODQGVHYHUDOFDVHUHSRUWVZHUH
LQLWLDWHG7KHGRXEOHEOLQGSODFHERFRQWUROOHGWZRWDLOHGGHVLJQVWXGLHVGLG
QRWVKRZDVXFFHVVIXOWUHDWPHQWHIIHFWZLWKDQWLGHSUHVVDQWVIRU5%'ZKLFK
PLJKW EH GLVFXVVHG LQ OLQHZLWKPHWKRGRORJLFDO LVVXHV&DVH UHSRUWVZLWK
PLUWD]DSLQHUHER[HWLQHÀXR[HWLQHDVZHOODVRWKHUFRPSRXQGVOLNHOLWKLXP
FDUEDPD]HSLQHODPRWULJLQHRUWULQ\OF\SUDPLQHDUHKRZHYHUHQFRXUDJLQJIRU
LQLWLDWLRQRI IXUWKHUFRQWUROOHG WULDOV$Q\SHVVLPLVPFRQFHUQLQJ WKH WUHDW
PHQWRI5%'VHHPVQRWWREHMXVWL¿HG
6
1HXURSV\FKRORJLFDODQG1HXURDQDWRPLFDO&RUUHODWHV2I
$IIHFWLYH&RJQLWLYH,QWHUDFWLRQ,Q0DMRU'HSUHVVLRQ
6
&OLQLFDO6\PSWRPVDQG3V\FKRSDWK3K\VLRORJ\LQ'HSUHVVLRQ
*HRUJ1RUWKRII
'HSWRI3V\FKLDWU\RI8QLYHUVLW\RI0DJGHEXUJ*HUPDQ\
6LPRQH*ULPP-RKDQQHV%HFN&RQQ\6FKPLGW3HWHU%RHVLJHU
'DQLHO+HOO+HLQ]%RHNHU
$LPV 0\ SDSHU DLPV DW GHPRQVWUDWLQJ WKH QHXURSV\FKRORJLFDO DQG
QHXURDQDWRPLFDO FRUUHODWHV RI DEQRUPDO DIIHFWLYHFRJQLWLYH LQWHUDFWLRQ LQ
GHSUHVVLRQ
0HWKRGV:HLQYHVWLJDWHGKHDOWK\VXEMHFWVDQGSDWLHQWVZLWKPDMRU
GHSUHVVLRQ$OOVXEMHFWVXQGHUZHQWI05,GXULQJHPRWLRQDODQGDWWHQWLRQDO
HPRWLRQDOVWLPXODWLRQ
5HVXOWV )LUVW , GHPRQVWUDWH DWWHQWLRQDO G\VIXQFWLRQ LQ GHSUHVVLRQ E\
SUHVHQWLQJ QHXURSV\FKRORJLFDO DQG LPDJLQJ UHVXOWV VKRZLQJ GLVWXUEHG
HPRWLRQDO SURFHVVLQJ LQ YHQWUDO SUHIURQWDO FRUWH[ 93& 6HFRQG , VKRZ
VWXGLHVLQYHVWLJDWLQJWKHPRGXODWLRQRIHPRWLRQDOSURFHVVLQJE\SUHFHGLQJ
DWWHQWLRQ
&RQFOXVLRQV7KHGDWDUHYHDODEQRUPDODWWHQWLRQDOPRGXODWLRQRIQHXUDODF
WLYLW\LQ93&LQGHSUHVVLRQGXULQJHPRWLRQDOMXGJPHQWDQGDEQRUPDOJOXWD
PDWHUJLFPHWDEROLVPLQWKLVUHJLRQ,QVXPPDU\WKHGDWDUHYHDODEQRUPDO
IXQFWLRQLQ93&DVDFUXFLDOQHXUDOFRUUHODWHRIDOWHUHGDIIHFWLYHFRJQLWLYH
LQWHUDFWLRQLQPDMRUGHSUHVVLRQ
6
1HXURSV\FKRORJ\3V\FKRSDWKRORJ\DQG6HOIPRGHOVRI
'HSUHVVHG3DWLHQWV
+HLQ]%RHNHU
3V\FKLDWULF8QLYHUVLW\&OLQLF=XULFK6ZLW]HUODQG
-RKDQQHV%HFN6LPRQH*ULPP'DQLHO+HOO5ROI6FKXOWH
3HWHU%RHVLJHU*HRUJ1RUWKRII
:KHQ VHDUFKLQJ IRU GLDJQRVWLFDOO\ WKHUDSHXWLFDOO\ DQG SURJQRVWLFDOO\
UHOHYDQW PDUNHUV RI GHSUHVVLRQ QHXURSV\FKRORJ\ SV\FKRSDWKRORJ\ DQG
VHOIFRQFHSWVRIGHSUHVVHGSDWLHQWVVKRXOGEHWDNHQLQWRDFFRXQW
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
'HSUHVVLRQ LV DVVRFLDWHG ZLWK D QXPEHU RI FRJQLWLYH GH¿FLWV HSLVRGLF
PHPRU\ OHDUQLQJDQGDWWHQWLRQGH¿FLWVH[HFXWLYHG\VIXQFWLRQ&RJQLWLYH
G\VIXQFWLRQ FRUUHODWHV ZLWK GLVWXUEHG HPRWLRQDO SURFHVVLQJ LQ WKH FHQWUDO
SUHIURQWDOFRUWH[93&
3DWLHQWVZLWKPRUHVHYHUHGHSUHVVLRQDQGWKRVHZLWKDQHQGRJHQRXVVXEW\SH
RIGHSUHVVLRQVKRZPRUHVHYHUHQHXURSV\FKRORJLFDOGH¿FLWVHVSHFLDOO\ LQ
H[HFXWLYHIXQFWLRQVZLWKWKHFRJQLWLYHGH¿FLWVPRUHOLNHO\WRUHPDLQDIWHU
LPSURYHPHQWRIWKHGHSUHVVHGPRRG'LIIHUHQWLDOHIIHFWVRIWKHVHYDULDEOHV
PD\RIIHUFOXHV WRPHFKDQLVPVDQGEUDLQQHWZRUNV LQYROYHGLQ WKHSDWKR
SK\VLRORJ\RIPDMRUGHSUHVVLRQ
)XWKHUPRUH LW VKRXOG EH FRQVLGHUHG WKDW GHSUHVVHG SDWLHQWV LQ UHPLVVLRQ
DUHFKDUDFWHUL]HGE\W\SLFDOVHOIPRGHOVZKLFKGLIIHUIURPWKRVHRIKHDOWK\
FRQWUROV
,Q VXPPDU\SDWLHQWVZLWKPDMRUGHSUHVVLRQVKRZERWKVWDWHDQG WUDLWUH
ODWHGDEQRUPDOLWLHVZKLFKPD\FRQWULEXWHWRGLDJQRVWLFDOO\WKHUDSHXWLFDOO\
DQGSURJQRVWLFDOO\UHOHYDQWPDUNHUVRIGHSUHVVLRQ
6
6ORZ706LQ0DMRU'HSUHVVLRQ$FXWH%HQHILWLQ$IIHFWLYH
*R1R*R7DVN
)HOL[%HUPSRKO
+DUYDUG&HQWHUIRU1RQLQYDVLYH%UDLQ6WLPXODWLRQ%HWK,VUDHO
'HDFRQHVV0HGLFDO&HQWHU+DUYDUG0HGLFDO6FKRRO%RVWRQ
86$DQG'HSDUWPHQWRI3V\FKLDWU\&KDULWp8QLYHUVLW\0HGLFLQH
%HUOLQ&DPSXV&KDULWp0LWWH%HUOLQ*HUPDQ\
)HOLSH)UHJQL3DXOR6%RJJLR*UHJRU7KXW*HRUJ1RUWKRII
0DUFR$0DUFROLQ$OYDUR3DVFXDO/HRQH
$LPV5HSHWLWLYH WUDQVFUDQLDOPDJQHWLF VWLPXODWLRQ U706KROGVSURPLVH
DVDWKHUDSHXWLFWRROLQPDMRUGHSUHVVLRQ+RZHYHUDPHDQVWRDVVHVVWKHHI
IHFWVRIDVLQJOHU706VHVVLRQRQHPRWLRQDODQGFRJQLWLYHIXQFWLRQDOORZLQJ
WRJXLGHDQGLQGLYLGXDOO\RSWLPL]HVXEVHTXHQWVHVVLRQVZRXOGEHGHVLUDEOH
0HWKRGV7KHSUHVHQWVWXG\H[DPLQHGWKHHIIHFWVRIDVLQJOHU706VHVVLRQ
RQWRDQDIIHFWLYHJRQRJRWDVNNQRZQWRPHDVXUHHPRWLRQDODQGFRJQLWLYH
GH¿FLWVDVVRFLDWHGZLWKPDMRUGHSUHVVLRQ7HQSDWLHQWVZLWKDQDFXWHHSLVRGH
RIXQLSRODUPDMRUGHSUHVVLRQDQGHLJKWSDUWLDOO\UHPLWWHGSDWLHQWVXQGHUZHQW
+] U706 RYHU WKH OHIW GRUVRODWHUDO SUHIURQWDO FRUWH[ '/3)& ULJKW
'/3)&DQGRFFLSLWDOFRUWH[SULRUWRWDVNSHUIRUPDQFH
5HVXOWV :H REVHUYHG VLJQL¿FDQWO\ LPSURYHG SHUIRUPDQFH LQ DFXWHO\
GHSUHVVHG SDWLHQWV IROORZLQJ ULJKW SUHIURQWDO U7067KLV EHQH¿FLDO HIIHFW
GHFOLQHGZLWKGHFUHDVLQJGHSUHVVLRQVHYHULW\DQGWHQGHGWRUHYHUVHLQWKHUH
PLWWHGJURXS/HIWSUHIURQWDOU706KDGQRVLJQL¿FDQWHIIHFWLQWKHGHSUHVVHG
JURXSEXWUHVXOWHGLQLPSDLUHGWDVNSHUIRUPDQFHLQWKHUHPLWWHGJURXS
&RQFOXVLRQV2XU¿QGLQJVLQGLFDWHWKDWWKHDFXWHUHVSRQVHRIGHSUHVVHGSD
WLHQWVWR+]U706VKRZVKHPLVSKHULFODWHUDOL]DWLRQDQGGHSHQGVRQGHSUHV
VLRQVHYHULW\)XUWKHUVWXGLHVDUHQHHGHGWRGHWHUPLQHZKHWKHUWKHSDUDGLJP
HPSOR\HGKHUHFRXOGEHXVHGWRSUHGLFWDQWLGHSUHVVDQWWUHDWPHQWVXFFHVVRU
WRLQGLYLGXDOL]HVWLPXODWLRQSDUDPHWHUVDFFRUGLQJWRVSHFL¿FSDWKRORJ\
6
1R$EVWUDFW5HFHLYHG
%UlXQLJ
*HUPDQ\
6
1HXUDO$FWLYLW\LQ3UHIURQWDO&RUWH[DQG&RJQLWLYH6\PSWRPV
LQ'HSUHVVLRQ
6LPRQH*ULPP
3V\FKLDWU\8QLYHUVLW\+RVSLWDO=XULFK6ZLW]HUODQG
*HRUJ1RUWKRII-RKDQQHV%HFN&RQQ\6FKPLGW3HWHU%RHVLJHU
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5HVXOWV6LQJOHDQGSDLUHGSXOVH706SURYLGHDPHDVXUHRIFRUWLFDOH[FLW
DELOLW\ERWKRI WKHWDUJHWDUHDDQGLQLWVFRQQHFWLRQV0RWRUWKUHVKROGFDQ
EHDVVHVVHGXVLQJVLQJOHSXOVH706DQGLVEHOLHYHGWRUHSUHVHQWPHPEUDQH
H[FLWDELOLW\ RI S\UDPLGDO QHXURQV 8VLQJ SDLUHGSXOVH 706 SHULRGV RI
LQWUDFRUWLFDO LQKLELWLRQ DQG IDFLOLWDWLRQ FDQ EH VWXGLHG7KH HIIHFWV RI WKH
FRQGLWLRQLQJ VWLPXOXVRQ WKH WHVW VWLPXOXV DUH WKRXJKW WREHPHGLDWHGYLD
DFWLYDWLRQRILQWUDFRUWLFDOQHXURQVRUWKHLUD[RQV&XUUHQWHYLGHQFHLQGLFDWHV
WKDWLQWUDFRUWLFDOLQKLELWLRQUHVXOWVIURPDFWLYDWLRQRI*$%$HUJLFLQWHUQHX
URQVZKLOHLQWUDFRUWLFDOIDFLOLWDWLRQUHVXOWVIURPDFWLYDWLRQRIJOXWDPLQHUJLF
V\QDSVHV
5HSHWLWLYH 706 U706 KDV EHHQ XVHG WR LQWHUUXSW EHKDYLRXU LQGXFHG
ORQJWHUP FKDQJHV LQ FRUWLFDO H[FLWDELOLW\ DQG EHKDYLRXU H[SORUH FRUWLFDO
FRQQHFWLRQVDQGWRDOOHYLDWHV\PSWRPVLQDYDULHW\RIQHXURORJLFDODQGSV\
FKLDWULFGLVRUGHUV706DQG3(7VWXGLHVKDYHVKRZQWKDWU706FDQLQGXFH
ORQJWHUPFKDQJHVQRWRQO\LQWKHVWLPXODWHGFRUWH[EXWDOVRLQIXQFWLRQDOO\
FRQQHFWHGGLVWDQWDUHDVZKLFKFDQDOVRUHVXOWLQLQFUHDVHGQHXURWUDQVPLWWHU
UHOHDVHDVVKRZQHJLQWKHVWULDWXPDIWHUPRWRUFRUWH[U7067KHVH¿QGLQJV
VXJJHVWWKDWU706FDQDOWHUFRUWLFDOIXQFWLRQWKURXJKORQJODVWLQJV\QDSWLF
FKDQJHV DQG LW KDV EHHQ VXJJHVWHG WKDW ORQJWHUP SRWHQWLDWLRQ /73 DQG
ORQJWHUPGHSUHVVLRQ/7'DUHWKHFDQGLGDWHPHFKDQLVPVXQGHUO\LQJWKHVH
HIIHFWV,QWKHJHUELODXGLWRU\FRUWH[/73OLNHFKDQJHVIROORZLQJU706KDYH
EHHQ GHVFULEHG KRZHYHU WKH HOHFWURSK\VLRORJLFDO FKDQJHV REVHUYHG DIWHU
U706GLGQRWIXO¿OWKHFXUUHQWFULWHULDRI/73/7'
&RQFOXVLRQV6LQJOHDQGSDLUHGSXOVH706DUHZHOOXQGHUVWRRGPHWKRGVWR
H[SORUH FRUWLFDO H[FLWDELOLW\ DQG LQWUDFRUWLFDO FRQQHFWLRQV U706KDVEHHQ
FRQYLQFLQJO\VKRZQWRLQGXFHORQJODVWLQJFKDQJHVQRWMXVWLQWKHVWLPXODWHG
!&&%#4)6%¬$)3/2$%23¬5.)0/,!2	¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
FRUWH[EXWDOVRLQIXQFWLRQDOO\FRQQHFWHGDUHDVWKURXJKFKDQJHVLQV\QDSWLF
VWUHQJWK $OWKRXJK LW LV FRQFHLYDEOH WKDW U706 LQGXFHV /7' DQG /7'
GLUHFWH[SHULPHQWDOHYLGHQFHLVODFNLQJDQGWKHSUHFLVHQHXURSK\VLRORJLFDO
PHFKDQLVPVRIWKHHIIHFWVRIU706UHPDLQLQFRPSOHWHO\XQGHUVWRRGVRIDU
6
2XWFRPHRIU7067ULDOVLQ'HSUHVVLRQ±
6WDQGLQJDWD&URVVURDGV"
)UDQN3DGEHUJ
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\RI0XQLFK*HUPDQ\
1LFROD*URVVKHLQULFK3HWHU=ZDQ]JHU5DLQHU5XSSUHFKW
+DQV-UJHQ0|OOHU
2EMHFWLYHV7RSURYLGHDQRYHUYLHZRQWKHUHVXOWVRIFOLQLFDOWULDOVLQYHVWL
JDWLQJU706LQGHSUHVVLYHGLVRUGHUVDQGGHWHUPLQHVWDWXVTXRDQGSHUVSHF
WLYHVIRUIXUWKHUGHYHORSLQJU706DVFOLQLFDOWUHDWPHQW
0HWKRGV (OHFWURQLF VHDUFKHV RQ0HGOLQH WKH &RFKUDQH /LEUDU\ DQG WKH
$YHU\+ROW]KHLPHU*HRUJHGDWDEDVH $YHU\HW DOZHUHFDUULHGRXW
2QO\FRQWUROOHGSDUDOOHOGHVLJQWULDOV1!ZHUHVHOHFWHGDQGUHYLHZHG
5HVXOWV $ERXW  VPDOO SODFHERFRQWUROOHG FOLQLFDO WULDOV LQYHVWLJDWLQJ
WKHHI¿FDF\DQGVDIHW\RI U706 LQPDMRUGHSUHVVLRQKDYHEHHQSXEOLVKHG
WRGDWHPDLQO\DGGUHVVLQJ WKHDSSOLFDWLRQDVDGGRQ WUHDWPHQW LQ WKHUDS\
UHVLVWDQWPDMRUGHSUHVVLRQUHYLHZHGE\3DGEHUJHWDO0DQ\RIWKHVH
VWXGLHVUHSRUWDQWLGHSUHVVDQWHIIHFWVRIU706VXSHULRUWRSODFHERWUHDWPHQW
KRZHYHU WKHVH WULDOV VKRZ FRQVLGHUDEOH YDULDWLRQ UHJDUGLQJ HI¿FDF\ DQG
FOLQLFDO VLJQL¿FDQFH RI WKHUDSHXWLF HIIHFWV )RXU PHWDDQDO\VHV LQFOXGLQJ
D&RFKUDQHPHWDDQDO\VLV FRQ¿UPHG D VLJQL¿FDQW DQWLGHSUHVVDQW HIIHFW RI
WZRZHHNVKLJKIUHTXHQF\U706WUHDWPHQWFRPSDUHGWRSODFHER0DUWLQHW
DO 7KHVHPHWDDQDO\VHVKRZHYHU FRQVLGHUDEO\YDU\ UHJDUGLQJ WKH
RYHUDOO HIIHFW VL]HV)RXU WULDOV KDYHEHHQ FRQGXFWHG WR GDWH LQYHVWLJDWLQJ
ZKHWKHU U706PD\ DFFHOHUDWH RU LQFUHDVH WKH UHVSRQVH WR DQWLGHSUHVVDQW
PHGLFDWLRQ:KHUHDVQRVLJQL¿FDQWDGGLWLRQDOEHQH¿WIURPU706ZDVRE
VHUYHGLQFRPELQDWLRQZLWKVHOHFWLYHVHURWRQLQUHXSWDNHLQKLELWRUV665,
U706 KDV UHFHQWO\ EHHQ IRXQG WR DFFHOHUDWH WKH DQWLGHSUHVVDQW HIIHFW RI
DPLWULSW\OLQH
&RQFOXVLRQV U706PD\ EH HIIHFWLYH DV DQ DGGRQ WUHDWPHQW LQ WKHUDS\
UHVLVWDQWGHSUHVVLRQEXWFRXOGDOVRGHYHORSWRD¿UVWOLQHWUHDWPHQWRSWLRQ
,Q WKH OLJKW RI LQFRQVLVWHQW UHVXOWV RIPHWDDQDO\VHV WKHUH LV RQO\ OHYHO 
HYLGHQFHRIDQDQWLGHSUHVVDQWDFWLRQRIU706DFFRUGLQJWRFXUUHQWFULWHULD
RI HYLGHQFH EDVHG PHGLFLQH DQG VR IDU U706 FDQQRW EH UHFRPPHQGHG
IRU D JHQHUDO FOLQLFDO DSSOLFDWLRQ+RZHYHU U706ZRXOG EH D SRWHQWLDOO\
YHU\XVHIXO WUHDWPHQWEHFDXVHRI LWVÀH[LEOHDSSOLFDELOLW\VDIHW\DQGJRRG
WROHUDELOLW\&XUUHQWO\ ODUJHPXOWLFHQWHU WULDOV DUHXQGHUZD\ WR LQYHVWLJDWH
WKHHI¿FDF\RIU706LQGHSUHVVLRQDQGWKHVHWULDOVZLOOKHOSWRFODULI\WKH
SHUVSHFWLYHVRIU706DVDQWLGHSUHVVDQWLQWHUYHQWLRQLQWKHQHDUIXWXUH
5HIHUHQFHV
$YHU\'*HRUJH06+ROW]KHLPHU3(7KH$YHU\*HRUJH+ROW]KH
LPHU 'DWDEDVH RI U706 'HSUHVVLRQ 6WXGLHV 8SGDWHG  KWWS
ZZZLVWVXQLEHFK706$YHU\KWP
0DUWLQ-/%DUEDQRM0-6FKODHSIHU7(7KRPSVRQ(3HUH]9.XOLVHYVN\-
5HSHWLWLYHWUDQVFUDQLDOPDJQHWLFVWLPXODWLRQIRUWKHWUHDWPHQWRIGH
SUHVVLRQ6\VWHPDWLFUHYLHZDQGPHWDDQDO\VLV%U-3V\FKLDWU\
3DGEHUJ)0|OOHU+-5HSHWLWLYHWUDQVFUDQLDOPDJQHWLFVWLPXODWLRQ
'RHVLWKDYHSRWHQWLDOLQWKHWUHDWPHQWRIGHSUHVVLRQ"&16'UXJV

6
3UHGLFWRUVRI7KHUDSHXWLF(IIHFWVLQU7067ULDOV
*HUKDUG:(VFKZHLOHU
8QLYHUVLWlWVNOLQLNIU3V\FKLDWULHXQG3V\FKRWKHUDSLH7XHELQJHQ
*HUPDQ\
:LOIULHG6FKORWWHU&KULVWLDQ3OHZQLD
2EMHFWLYHV $QWLGHSUHVVLYH EHQH¿W IURP SUHIURQWDO UHSHWLWLYH PDJQHWLF
VWLPXODWLRQ U706 RI RQH RU WZRZHHNV YDULHG LQ WKH OLWHUDWXUH EHWZHHQ
DQGLPSURYHPHQWRIWKH+DPLOWRQGHSUHVVLRQVFDOHYVDQG
LPSURYHPHQWE\VKDPU7067KHYDULDQFHLVSUREDEO\FDXVHGE\JHQHWLF
SV\FKRSDWKRORJLFDO DQG QHXURSV\FKRORJLFDO LWHPV RI WKH SDWLHQWV EXW DOVR
E\WKHIXQFWLRQDOVWDWHRIWKHFRUWH[DUHDEH\RQGWKHVWLPXODWLRQFRLODQGWKH
DGGRQPHGLFDWLRQ
0HWKRGV 7KH SXEOLVKHG GDWD RI U706 SURVSHFWLYH UDQGRPL]HG VKDP
FRQWUROOHGWULDOVDQGWKHPHWDDQDO\VHVDUHH[DPLQHGIRUSUHGLFWLYH
IDFWRUVRIUHVSRQVH$OWKRXJKOLPLWHGE\WKHVPDOOQXPEHURIOHVVWKDQ
SDWLHQWVSHUVWXG\DQGGLIIHUHQWDGGRQPHGLFDWLRQVLQRSHQDQGVKDP
FRQWUROOHGWULDOVLQFOXGLQJRZQVWXGLHVVRIDUVHYHUDOSRVVLEOHSRVLWLYH
DQG QHJDWLYH SUHGLFWRUV IRU DQWLGHSUHVVLYH UHVSRQVH RI SUHIURQWDO U706
EHFRPHDSSDUHQW
5HVXOWV3RVVLEOHSRVLWLYHSUHGLFWRUVIRUFOLQLFDOEHQH¿WRIU706DUHODFN
RIFRUWLFDOK\SHUDFWLYLW\EH\RQGWKHFRLOSXOVHGE\+]PDJQHWLF¿HOG
FRUWLFDOK\SHUDFWLYLW\EH\RQGD+]SXOVHGFRLOVRPDWLFVLJQVRIDQ[LHW\
\RXQJHUDJH
1HJDWLYH SUHGLFWRUV RI UHVSRQVH WR SUHIURQWDO U706 ZHUH  FRUWLFDO K\
SHUDFWLYLW\ EH\RQG +]PDJQHWLF SXOVHV  LQFUHDVHG DJH  SUHIURQWDO
DWURSK\FRJQLWLYHG\VIXQFWLRQHYDOXDWHGE\IURQWDOWHVWVHVSHFLDOO\PLU
URUGUDZLQJWDVN0'7DULWKPHWLFVXEWUDFWLRQ675223WHVWSV\FKRWLF
V\PSWRPV  QRQUHVSRQVH WR HOHFWURFRQYXOVLYH WKHUDS\ )XUWKHU SRVVLEOH
SUHGLFWRUVOLNHPDLQIUHTXHQF\RIWKHDOSKDEDQGLQWKH((*EHQ]RGLD]HSLQH
FRPHGLFDWLRQVDQGRWKHUVDUHGLVFXVVHG
&RQFOXVLRQV7KHDQWLGHSUHVVDQWHIIHFWVRI U706DQG WKHSUHGLFWRUVKDYH
WR EH SURYHQ E\ WKH RQJRLQJ ODUJHUPXOWLFHQWHU SURVSHFWLYH U706 WULDOV
%DVHGRQWKHOLPLWHGGDWDVRIDUHVSHFLDOO\\RXQJHUDQ[LRXVSDWLHQWVZLWK
RXWFRJQLWLYHLPSDLUPHQWVKRXOGSUR¿WIURPWKHDQWLGHSUHVVLYHSURSHUWLHVRI
SUHIURQWDOU706DSSOLHGWRWKHGRUVRODWHUDOSUHIURQWDOFRUWH[
5HIHUHQFHV
(VFKZHLOHU*:3OHZQLD&%DUWHOV0 :KLFKSDWLHQWVZLWKPDMRU
GHSUHVVLRQEHQH¿WIURPSUHIURQWDOPDJQHWLFVWLPXODWLRQU706")RUWVFKU
1HXURO3V\FKLDWU
0DUWLQ -/ %DUEDQRM0- 6FKODHSIHU 7( HW DO  7UDQVFUDQLDO PDJ
QHWLF VWLPXODWLRQ IRU WUHDWLQJ GHSUHVVLRQ &RFKUDQH 'DWDEDVH 6\VW 5HY
&'
:DVVHUPDQQ (0 /LVDQE\ 6+  7KHUDSHXWLF DSSOLFDWLRQ RI UHSHWL
WLYH WUDQVFUDQLDOPDJQHWLF VWLPXODWLRQ D UHYLHZ&OLQ1HXURSK\VLRO 

6
6WHUHRWD[LFSRVLWLRQLQJRIWUDQVFUDQLDOPDJQHWLFVWLPXODWLRQ
8ZH+HUZLJ
3V\FKLDWULF8QLYHUVLW\&OLQLF=ULFK6ZLW]HUODQG
&DUORV6FK|QIHOGW/HFXRQD
2EMHFWLYHV 7UDQVFUDQLDO PDJQHWLF VWLPXODWLRQ 706 JDLQV LQFUHDVLQJ
DWWHQWLRQ LQSV\FKLDWULFDQGQHXURVFLHQFHUHVHDUFK ,WVDSSOLFDELOLW\ UDQJHV
IURPEUDLQPDSSLQJSXUSRVHVWRWKHUDSHXWLFLQWHUYHQWLRQV:KHQHYHULWVXVH
LVZLGHO\GLVWULEXWHGDIXQGDPHQWDOO\FULWLFDOLVVXHUHPDLQVWKHSRVLWLRQLQJ
RI7060DLQFKDOOHQJHVDUH¿UVWO\WRVHOHFW WKHH[DFWDUHDRILQWHUHVWIRU
VWLPXODWLRQ DQG VHFRQGO\ WR ORFDWH WKHPDJQHWLFFRLOSUHFLVHO\DERYH WKLV
DUHDDQGWRPRQLWRULWVORFDWLRQGXULQJWKHVWLPXODWLRQVHVVLRQ
&RQFOXVLRQV 7KHUHIRUH RSWLFDOO\ WUDFNHG VWHUHRWD[LF QHXURQDYLJDWLRQ RI
WKHFRLORQWKHEDVLVRILQGLYLGXDOO\GHULYHGWDUJHWDUHDVE\IXQFWLRQDOQHX
URLPDJLQJ LV DFWXDOO\ WKHPRVW UHOLDEOHSRVLWLRQLQJPHWKRG7KHFRPPRQ
SULQFLSOHVRIVWHUHRWD[LF706SRVLWLRQLQJDVZHOODVDQDFFXUDF\VWXG\DQG
H[HPSODU\DSSOLFDWLRQVZLOOEHSUHVHQWHGDQGGLVFXVVHG
6
,V0DJQHWLF6HL]XUH7KHUDS\067DQ(IIHFWLYHDQG6DIH
$OWHUQDWLYHWRU706RU(&7"
7KRPDV(6FKODHSIHU
.OLQLNIU3V\FKLDWULHXQG3V\FKRWKHUDSLH8QLYHUVLWlWVNOLQLNXP
%RQQ*HUPDQ\'HSDUWPHQWRI3V\FKLDWU\DQG%HKDYLRUDO
6FLHQFHV-RKQV+RSNLQV+RVSLWDO86$
0DUNXV.RVHO&DUROLQH)ULFN
7UDQVFUDQLDO 0DJQHWLF 6WLPXODWLRQ LV D QRQLQYDVLYH PHWKRG RI EUDLQ
VWLPXODWLRQZKLFK LVFXUUHQWO\EHLQJHYDOXDWHGIRU WKH WUHDWPHQWRIPDMRU
GHSUHVVLRQ6FKODHSIHUHWDO$PRGL¿HGIRUPRI WKLV WUHDWPHQWZDV
UHFHQWO\GHYHORSHGLQZKLFKVWLPXODWLRQSDUDPHWHUDUHLQFUHDVHGWRDOHYHO
WKDWFDQUHOLDEO\DQGUHSURGXFLEO\LQGXFHWKHUDSHXWLFVHL]XUHVLQKXPDQDQG
QRQKXPDQSULPDWHVWKHVDPHVHWWLQJDVWKHRQHXVHGIRUHOHFWURFRQYXOVLYH
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
WKHUDS\(&7/LVDQE\/LVDQE\HWDOD:HUHSRUWRQWKHGHYHO
RSPHQWRIWKHPHWKRGDQGRQWKH¿UVWWUHDWPHQWHYHURIDSDWLHQWVXIIHULQJ
IURPDQHSLVRGHRIGUXJUHVLVWDQWPDMRUGHSUHVVLRQXVLQJ0DJQHWLF6HL]XUH
7KHUDS\067/LVDQE\HWDOE7KHSDWLHQWVXIIHUHGIURPUHFXUUHQW
PDMRUGHSUHVVLRQVLQFHDGROHVFHQFH7KH¿UVWXVHRIWKHUDSHXWLF067LQD
SV\FKLDWULFSDWLHQW WRRNSODFHDW WKH8QLYHUVLW\+RVSLWDO LQ%HUQ6ZLW]HU
ODQGLQ0D\
5HVXOWV RI D UHFHQW UDQGRPL]HGZLWKLQVXEMHFW GRXEOHPDVNHG WULDO FRP
SDULQJ(&7DQG067LQSDWLHQWVLQGLFDWHWKDW067DSSHDUVWRKDYHOHVV
VXEMHFWLYHDQGREMHFWLYHVLGHHIIHFWV LVDVVRFLDWHGZLWK IDVWHU UHFRYHU\RI
RULHQWDWLRQDQGLVVXSHULRUWR(&7RQPHDVXUHVRIDWWHQWLRQUHWURJUDGHDP
QHVLDDQGFDWHJRU\ÀXHQF\/LVDQE\HWDO9HU\HDUO\UHVXOWVSRLQWWR
VKRZHI¿FDF\RI067LQUHIUDFWRU\PDMRUGHSUHVVLRQ.RVHOHWDO
$OWKRXJK (&7 KDV DQ XQSDUDOOHOHG DQG ZHOOGRFXPHQWHG HI¿FDF\ LQ
VHYHUH GHSUHVVLRQ LW LV DVVRFLDWHG ZLWK FRJQLWLYH VLGH HIIHFWV 6FKODHSIHU
067 LVFXUUHQWO\XQGHU VWXG\ LQVHYHUDOFHQWHUVZLWK UHVSHFW WR LWV
DQWLGHSUHVVDQWHI¿FDF\ZKLOHLW¶VPRUHEHQLJQVLGHHIIHFWSUR¿OHKDVEHHQ
HVWDEOLVKHGDOUHDG\
5HIHUHQFHV
.RVHO0)ULFN&/LVDQE\6+)LVFK+86FKODHSIHU7(0DJQHWLF
VHL]XUH WKHUDS\LPSURYHVPRRGLQUHIUDFWRU\PDMRUGHSUHVVLRQ1HXURSV\
FKRSKDUPDFRORJ\
/LVDQE\+6/XEHU%6FKODHSIHU7(6DFNHLP+$6DIHW\DQGIHDVL
ELOLW\RIPDJQHWLFVHL]XUHWKHUDS\067LQPDMRUGHSUHVVLRQ5DQGRPL]HG
ZLWKLQVXEMHFWFRPSDULVRQZLWKHOHFWURFRQYXOVLYH WKHUDS\1HXURSV\FKRS
KDUPDFRORJ\
/LVDQE\6+8SGDWHRQPDJQHWLFVHL]XUH WKHUDS\DQRYHO IRUPRI
FRQYXOVLYHWKHUDS\-(FW
/LVDQE\6+/XEHU%)LQFN$'6FKURHGHU&6DFNHLP+$D'HOLE
HUDWHVHL]XUHLQGXFWLRQZLWKUHSHWLWLYHWUDQVFUDQLDOPDJQHWLFVWLPXODWLRQLQ
QRQKXPDQSULPDWHV$UFK*HQ3V\FKLDWU\
/LVDQE\ 6+ 6FKODHSIHU 7( )LVFK +8 6DFNHLP +$ E 0DJQHWLF
VHL]XUHWKHUDS\RIPDMRUGHSUHVVLRQ$UFK*HQ3V\FKLDWU\
6FKODHSIHU7( 3URJUHVV LQ7KHUDSHXWLF%UDLQ6WLPXODWLRQ LQ1HX
URSV\FKLDWU\&166SHFWUXPV
6FKODHSIHU 7( .RVHO 0 1HPHURII &%  (I¿FDF\ RI 5HSHWLWLYH
7UDQVFUDQLDO0DJQHWLF 6WLPXODWLRQ U706 LQ WKH 7UHDWPHQW RI$IIHFWLYH
'LVRUGHUV1HXURSV\FKRSKDUPDFRORJ\
6
6WUHVV'HSUHVVLRQDQG$SDWK\LQWKH(OGHUO\
6
'HSUHVVLRQLQWKH(OGHUO\
-DQH%\UQH
8QLYHUVLW\RI0DQFKHVWHU8.
2EMHFWLYHV5HYLHZRIHSLGHPLRORJ\V\PSWRPVDQGULVNIDFWRUVIRUGHSUHV
VLRQ LQROG DJH'HSUHVVLRQ LQ WKH HOGHUO\ LV FRPPRQERWK DV D V\PSWRP
DQG DV D VWDWHFDVH:KLOVW GHSUHVVLRQ LV V\PSWRPDWLFDOO\ VLPLODU DFURVV
WKHOLIHF\FOHLWPD\EHXQUHFRJQLVHGLQROGDJH5LVNIDFWRUVLQFOXGHIHPDOH
JHQGHUVRFLDOGHSULYDWLRQDQGEHUHDYHPHQW
)DFWRUVVXFKDVWKHSUHVHQFHRIDFRQ¿GDQWHDQGUHOLJLRXVIDLWKDUHSURWHF
WLYH
7KHUROHRIFHUHEURYDVFXODUSDWKRORJ\LQGHSUHVVLRQDQGELSRODUGLVRUGHULQ
ROGDJHZLOOEHGLVFXVVHG
0HWKRGV /LWHUDWXUH 5HYLHZ $ VXPPDU\ RI V\VWHPDWLF UHYLHZV ZLOO EH
SUHVHQWHGWRJHWKHU ZLWK SUHOLPLQDU\ UHVXOWV IURP D VWXG\ RI YDVFXODU ULVN
IDFWRUVLQELSRODUGLVRUGHULQROGDJH
5HVXOWV'HSUHVVLRQLQROGDJHKDVVLPLODULWLHV	GLIIHUHQFHVIURPGHSUHVVLRQ
LQ\RXQJHUSHRSOH'HSUHVVLRQLQROGDJHRFFXUVLQFRIWKHSRSXODWLRQ
DJHG !\HDUV DQG LV DVVRFLDWHG ZLWK VRFLDO GHSULYDWLRQ7KHUH DUH PRUH
VLPLODULWLHVWKDQGLIIHUHQFHVEHWZHHQGHSUHVVLRQDULVLQJLQROGDJHFRPSDUHG
WRGHSUHVVLRQDULVLQJLQ\RXQJDGXOWKRRG
:KLOVWLOOQHVVHVVXFKDV3DUNLQVRQ¶VGLVHDVHZLWKDQLQFUHDVHGULVNRIGH
SUHVVLRQDUHFRPPRQLQROGDJHLQFUHDVHGDJHLWVHOIPD\QRWEHDQLQGHSHQG
HQWULVNIDFWRUIRUGHSUHVVLRQ
&HUHEURYDVFXODUSDWKRORJ\LVDVVRFLDWHGZLWKWUHDWPHQWUHVLVWDQFHLQROGDJH
GHSUHVVLRQ
&RQFOXVLRQV &RPPRQ UHFRJQLVLEOH	 WUHDWDEOH$WWLWXGHV WR DJLQJPD\
FRQWULEXWH WR ODFN RI UHFRJQLWLRQ RI D FRPPRQ DQG WUHDWDEOH FRQGLWLRQ
3UHYHQWLRQLVSRVVLEOH
5HIHUHQFHV
%\UQH(-%XUQV$7KH3V\FKLDWU\RI2OG$JH,Q(VVHQWLDOVRI3RVW
JUDGXDWH 3V\FKLDWU\ HGV 0XUUD\ 5+LOO 3DQG 0F*XI¿Q 3 &DPEULGJH
8QLYHUVLW\3UHVVSSQGHGLQSUHVV
6
$SDWK\LQWKH(OGHUO\
3KLOLSSH5REHUW
&HQWUH0pPRLUHGH5HVVRXUFHVHWGH5HFKHUFKH±&+8GH1LFH
)UDQFH
(YHO\QH0LFKHO6DQGULQH&ODLUHW0LFKHO%HQRLW
,Q1HXURVFLHQFHPRWLYDWLRQKDVEHHQIUHTXHQWO\FRQVLGHUHGZLWKLQWZRJHQ
HUDODQGSUDJPDWLFIUDPHZRUNV,QWKH¿UVWRQHPRWLYDWLRQLVUHODWHGWRJRDO
GLUHFWHGEHKDYLRU*'%GH¿QHGDVDVHWRIUHODWHGDQGLQWHJUDWHGPRWLYD
WLRQDOHPRWLRQDOFRJQLWLYHDQGPRWRUSURFHVVHVDOORZLQJIRUWKHWUDQVODWLRQ
RIDQLQWHUQDOVWDWHWKURXJKDFWLRQLQWRWKHDWWDLQPHQWRIDJRDO5HZDUGDQG
WKHGRSDPLQHK\SRWKHVLVLVWKHVHFRQGJHQHUDOIUDPHZRUN0HVROLPELFDQG
QHRVWULDWDOGRSDPLQHSURMHFWLRQKDYHEHHQVXJJHVWHGWRPHGLDWHUHZDUG
,QKXPDQGLVRUGHUVRIPRWLYDWLRQDUHSDUWLFXODUO\ZHOO LOOXVWUDWHGE\DSD
WK\ZKLFKFRXOGEHGH¿QHGDV DQ DEVHQFHRI UHVSRQVLYHQHVV WR VWLPXOL DV
GHPRQVWUDWHG E\ ODFN RI VHOI LQLWLDWHG DFWLRQ RU DOWHUQDWLYHO\ E\ D ODFN RI
PRWLYDWLRQLQEHKDYLRXUFRJQLWLRQDQGDIIHFW$SDWK\LVFRPPRQLQPDQ\
QHXURSV\FKLDWULF GLVRUGHUV DQG LV GLVWLQJXLVKDEOH IURP GHSUHVVLRQ 7KH
DSDWK\,QYHQWRU\,$SURYLGHDVHSDUDWHDQGEULHITXDQWLWDWLYHDVVHVVPHQW
RI WKH WKUHH GLPHQVLRQV RI DSDWK\/DFN RI LQLWLDWLYH UHIHUV WR GLPLQLVKHG
JRDOGLUHFWHGEHKDYLRXUODFNRILQWHUHVWWRGLPLQLVKHGJRDOGLUHFWHGFRJQL
WLRQ DQG HPRWLRQDO EOXQWLQJ UHIHUV WR WKH ODFN RI HPRWLRQDO UHVSRQVHV ,Q
RUGHU WR VWUHVV WKH UHODWLRQVEHWZHHQDSDWK\DQGGHSUHVVLYH V\PSWRPV WKH
WZRGLPHQVLRQVDQG WKHLUFRUUHODWHVZKHUHV\VWHPDWLFDOO\HYDOXDWHG LQ WKH
3+5&('$1SRSXODWLRQLQFOXGLQJ$O]KHLPHUGLVHDVHYDVFXODUGHPHQWLD
0LOGFRJQLWLYH LPSDLUPHQW$SDWK\ZDVDVVHVVHGZLWK WKH$SDWK\ ,QYHQ
WRU\ FDUHJLYHU YHUVLRQ'HSUHVVLYH V\PSWRPVZHUH DVVHVVHGZLWK WKH13,
GHSUHVVLRQLWHP7KHIROORZLQJWDEOHSUHVHQWWKHIUHTXHQF\RIWKHWZRW\SHV
RIV\PSWRPVIRUWKH$O]KHLPHUSDWLHQWV
$'SDWLHQWV Q  DJH (GXFDWLRQ 006(
:LWKDSDWK\     
:LWKDSDWK\	GHSUHVVLRQ     
:LWKGHSUHVVLRQ     
:LWKRXWDSDWK\	GHSUHVVLRQ     
5HIHUHQFHV
%HQRLW0 6WDFFLQL 3 5REHUW 3 + %URFNHU 3 %HQKDPLGDW 7 %HU
WRJOLDWL&/HFKRZVNL/$QGULHX6DQG9HOODV%)UpTXHQFHHWDQDO\VH
IDFWRULHOOH GHV WURXEOHV GX FRPSRUWHPHQW GDQV OD PDODGLH Gµ$O]KHLPHU
5HYXHGH0pGHFLQH,QWHUQHVV
5REHUW 3+ &ODLUHW 6 %HQRLW0.RXWDLFK - %HUWRJOLDWL &7LEOH
2 &DFL + %RUJ0 %URFNHU 3 DQG %HGRXFKD 3 7KH$SDWK\
,QYHQWRU\ DVVHVVPHQW RI DSDWK\ DQG DZDUHQHVV LQ $O]KHLPHUµV GLVHDVH
3DUNLQVRQµVGLVHDVHDQGPLOGFRJQLWLYHLPSDLUPHQW,QWHUQDWLRQDO-RXUQDORI
*HULDWULF3V\FKLDWU\
6
%UDLQ)XQFWLRQDO,PDJLQJ6WXGLHVRI'HSUHVVLRQLQWKH(OGHUO\
)ODYLR1RELOL
&OLQLFDO1HXURSK\VLRORJ\8QLW'HSWRI(QGRFULQRORJLFDODQG
0HWDEROLF6FLHQFHV8QLYHUVLW\RI*HQRD+HDG1HFN'HSW6
0DUWLQR+RVSLWDO*HQRD,WDO\
2EMHFWLYHVDQG0HWKRGV7RVXPPDUL]HDYDLODEOHGDWDRQEUDLQLPDJLQJLQ
GHSUHVVLRQRIWKHHOGHUO\'H
5HVXOWV 'H KDV D KHWHURJHQHRXV EDFNJURXQG ODUJHO\ GLIIHULQJ IURP
GHSUHVVLRQLQDGXOWKRRG7KHKLJKLQFLGHQFHRIFHUHEURYDVFXODUDQGQHXUR
GHJHQHUDWLYHGLVRUGHUVDGGVDVXEVWDQWLDOQXPEHURIVHFRQGDU\GHSUHVVLRQ
WR ODWHRQVHW XQLSRODU DQG GLSRODU SULPDU\ GHSUHVVLRQ &RPRUELGLW\ DQG
!&&%#4)6%¬$)3/2$%23¬5.)0/,!2	¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
RYHUODSV\QGURPHVDUHHVSHFLDOO\ IUHTXHQW ,Q WKLVFRPSOH[LW\ERWKVWUXF
WXUDO05,DQGIXQFWLRQDO63(73(7QHXURLPDJLQJKHOSVWRLGHQWLI\WKH
SDWKRSK\VLRORJLFDOVXEVWUDWHRI'HDQGJDLQVLQIRUPDWLRQRQEUDLQVWUXFWXUHV
NQRZQ WR EH LQYROYHG LQ SULPDU\ GHSUHVVLRQ ,Q'H WKH JHQHUDO ¿QGLQJV
RIG\VIXQFWLRQRIDQWHULRU IURQWDO OREHV 1DYDUURHWDODQG OLPELF
SDUDOLPELFVWUXFWXUHVIRXQGLQDGXOWKRRG,WRHWDOPDLQO\LQFOXGLQJ
DQWHULRU FLQJXODWH LQVXOD DQG DP\JGDOD DUH VXEVWDQWLDOO\ FRQ¿UPHG DQG
HYHQPDJQL¿HG0RUHRYHUDQLPSDLUPHQWRISUHIURQWDODQGDQWHULRUSDULHWDO
FRUWH[ 1REOHUHW DO WHPSRUDOFRUWH[ (EPHLHUHW DO
1REOHU HW DO  KLSSRFDPSXV DQG EDVDO JDQJOLD $ZDWD HW DO 
KDV EHHQ UHSRUWHG )URQWDO K\SRSHUIXVLRQPD\ SUHGLFW WKH DFXWH UHVSRQVH
WRDQWLGHSUHVVDQW 1DYDUURHW DO DQG VHHPV WRGLVDSSHDUDIWHU VXF
FHVVIXOWUHDWPHQW1DYDUURHWDOEXWGHHSK\SRSHUIXVLRQRIDQWHULRU
FLQJXODWHDQGSUHIURQWDO FRUWH[PD\EHD VLJQRI UHIUDFWRULQHVV WR WKHUDS\
DQG FKURQL¿FDWLRQ $ZDWD HW DO 'HSUHVVLYH SVHXGRGHPHQWLDPD\
EHDULVNIDFWRUIRUGHPHQWLDDQGDFWXDOO\DORZHUEUDLQSHUIXVLRQLVIRXQGLQ
SDULHWDODQGWHPSRUDOFRUWH[DVFRPSDUHGWRVLPSO\GHSUHVVHGSDWLHQWV&KR
HWDO'HSUHVVLRQLVRIWHQUHDFWLYHLQ$O]KHLPHU¶VGLVHDVH$'EXW
PD\DOVREHDVSHFL¿FV\PSWRPRILQYROYHPHQWRIEUDLQVWUXFWXUHVRUERWK
,Q IDFW$' GHSUHVVHG SDWLHQWV VHHP WR KDYH K\SRSHUIXVLRQ LQ SUHIURQWDO
FRUWH[FLQJXODWHDQGSUHFXQHXV+LURQRHWDO*DO\QNHUHWDO
/LDRHWDODVFRPSDUHGWRQRQGHSUHVVHGRQHV+7$UHFHSWRUVDUH
UHGXFHGLQDQWHULRUFLQJXODWHSUHIURQWDOFRUWH[DQGVHQVRULPRWRUFRUWH[LQ
$'SDWLHQWVEXWQRW LQ ODWHRQVHWGHSUHVVLRQ 0HOW]HUHWDOZKHUH
D WUHQG WR UHGXFWLRQZDV IRXQG LQ WKHKLSSRFDPSXV 6KHOLQHHWDO
'HSUHVVLRQLVIRXQGLQDERXWSHUFHQWRIVWURNHSDWLHQWV(VSHFLDOO\IURQWDO
VWURNHV ZLWK D SUHIHUHQFH IRU WKH OHIW KHPLVSKHUH DUH FRPSOLFDWHG ZLWK
GHSUHVVLRQ EXW WKH OHIW GRPLQDQFH LV VWLOOPDWWHU RI GHEDWH *DLQRWWL DQG
0DUUD6LOHQWEUDLQLQIDUFWVDQGFHUHEUDOZKLWHPDWWHUOHVLRQVRQ05,
HVSHFLDOO\LQIURQWDOOREHVZHUHIRXQGWREHPRUHIUHTXHQWLQWKH'HWKDQLQ
FRQWUROVDQGFHUHEUDOVPDOOYHVVHOGLVHDVHKDVEHHQVXJJHVWHGDVDSRWHQWLDO
FDXVHRI'H7LHPHLHU
&RQFOXVLRQV %RWK VWUXFWXUDO DQG IXQFWLRQDO QHXURLPDJLQJ DUH FUXFLDO WR
XQGHUVWDQG WKH SDWKRSK\VLRORJ\ RI 'H DQG KHQFH WR JXLGH GLDJQRVLV DQG
WKHUDS\
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6WUHVV0HWDSODVWLFLW\DQG$QWLGHSUHVVDQWV
5HQp*DUFLD
8QLYHUVLW\RI1LFH6RSKLD$QWLSROLV)UDQFH
-HDQ/XF0RUHDX
2EMHFWLYHV,QPDQ\EUDLQUHJLRQVDFWLYLW\GHSHQGHQWFKDQJHVLQV\QDSWLF
VWUHQJWKGHSHQGRQWKHIUHTXHQF\DQGWLPLQJRISUHV\QDSWLFVWLPXODWLRQDQG
SRVWV\QDSWLFDFWLYLW\V\QDSWLFSODVWLFLW\DVZHOODVWKHKLVWRU\RIDFWLYLW\
DWWKRVHV\QDSVHV7KLVODWWHUSKHQRPHQRQZKLFKLVH[SUHVVHGE\DOWHUDWLRQ
RIHLWKHUWKHPDJQLWXGHRUWKHGLUHFWLRQRIFKDQJHVLQV\QDSWLFSODVWLFLW\LV
NQRZQDVPHWDSODVWLFLW\7KLVSKHQRPHQRQLVWKRXJKWWRSOD\DQLPSRUWDQW
UROH LQ LQWHJUDWLRQ SURFHVVHV E\ FRRUGLQDWLQJ WKHPRGXODWLRQ RI V\QDSVHV
0HWDSODVWLFLW\PD\WKHUHIRUHEHDFHQWUDOFRPSRQHQWLQFRJQLWLYHDFWLYLWLHV
VXFKDVOHDUQLQJDQGPHPRU\$EUDKDP(PHUJLQJGDWDLQGLFDWHWKDW
VWUHVVZKLFKDOWHUVKLSSRFDPSXVGHSHQGHQW UHFROOHFWLRQPHPRU\ DOVR LQ
GXFHVPHWDSODVWLFLW\LQWKHKLSSRFDPSDO&$UHJLRQVXJJHVWLQJWKDWVWUHVV
PRGXODWHV FRJQLWLYH IXQFWLRQV YLD DEHUUDQWPHWDSODVWLFLW\ *DUFLD 
$ODUJHERG\RIHYLGHQFHKDVDOVRHVWDEOLVKHGDOLQNEHWZHHQVWUHVVIXOOLIH
HYHQWV DQG GHYHORSPHQW RU H[DFHUEDWLRQ RI GHSUHVVLRQ *DUFLD  ,Q
DGGLWLRQLWKDVEHHQVKRZQXVLQJDQLPDOPRGHOVWKDWDQWLGHSUHVVDQWWUHDW
PHQWVVXSSUHVVVWUHVVDVVRFLDWHGDEHUUDQWPHWDSODVWLFLW\LQWKHKLSSRFDPSDO
&$*DUFLD2QHFDQFRQFOXGH WKDWGHSUHVVLRQPD\EHDVVRFLDWHG
ZLWK DEHUUDQWPHWDSODVWLF FKDQJHV LQ GLIIHUHQW EUDLQ VWUXFWXUHV LPSOLFDWHG
LQFRJQLWLRQ7RIXUWKHUDGGUHVVWKLVLVVXHZHLQYHVWLJDWHGVWUHVVDVVRFLDWHG
PHWDSODVWLFLW\LQRWKHUEUDLQUHJLRQVLPSOLFDWHGLQPHPRU\SURFHVVHV
0HWKRGV5DWVZHUHLPSODQWHGIRU¿HOGSRWHQWLDOUHFRUGLQJ7KH\ZHUHVXE
MHFWHGWRPLOGFKURQLFVWUHVVRUH[SRVHGWRDFRQGLWLRQHGDYHUVLYHHQYLURQ
PHQW6\QDSWLFSODVWLFLW\LQGXFWLRQLQWKHPHGLDOSUHIURQWDOFRUWH[DQGWKH
&$UHJLRQRIWKHKLSSRFDPSXVZDVDQDO\]HGDQGWKHHIIHFWVRIÀXR[HWLQH
RQVWUHVVUHODWHGFKDQJHVZDVVWXGLHG
5HVXOWV %RWK W\SHV RI VWUHVV SURGXFHG PHWDSODVWLF FKDQJHV LQ V\QDSWLF
IXQFWLRQV ,Q VWXGLHV LQ ZKLFK ÀXR[HWLQH ZDV XVHG PHWDSODVWLF FKDQJHV
ZHUHUHYHUVHG
&RQFOXVLRQV7KHVHVWXGLHVXVLQJDQLPDOPRGHOVVXJJHVW WKDWGHSUHVVLRQ
PD\EHDVVRFLDWHGZLWKJHQHUDOL]HGPHWDSODVWLFFKDQJHVLQEUDLQWKDWFDQEH
UHYHUVHGE\DQWLGHSUHVVDQWV
5HIHUHQFHV
$EUDKDP:&0HWDSODVWLFLW\NH\HOHPHQWLQPHPRU\DQGOHDUQLQJ
1HZV3K\VLRO6FL
*DUFLD5 6WUHVVKLSSRFDPSDOSODVWLFLW\ DQG VSDWLDOPHPRU\6\Q
DSVH
*DUFLD56WUHVVPHWDSODVWLFLW\DQGDQWLGHSUHVVDQWV&XUU0RO0HG

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7UHDWPHQWRI$SDWK\DQG'HSUHVVLRQLQWKH(OGHUO\1HZ
'LUHFWLRQV
-HURPH<HVDYDJH
6WDQIRUG8QLYHUVLW\6FKRRORI0HGLFLQH'HSDUWPHQWRI9HWHUDQ¶V
$IIDLUHV3DOR$OWR+HDOWK&DUH6\VWHP86$
%UHW6FKQHLGHU
6\QRSVLV7KHSXUSRVHRIWKLVWDONLVWRUHYLHZWKHSRWHQWLDOIRUQHZWUHDW
PHQWVIRUDSDWK\DQGGHSUHVVLRQLQWKH(OGHUO\
5HJDUGLQJ GHSUHVVLRQ WKHUH DUH PDQ\ DQWLGHSUHVVDQW WUHDWPHQWV WKDW DUH
FXUUHQWO\ DYDLODEOH DVZHOO DV WKH VRPDWLF WUHDWPHQW RI HOHFWURFRQYXOVLYH
WKHUDS\7UDQVFUDQLDO0DJQHWLF 6WLPXODWLRQ 706 KDV EHHQ VXJJHVWHG DV
DSRWHQWLDODOWHUQDWLYH WUHDWPHQW$PHWDDQDO\VLVRIDYDLODEOHVWXGLHVVXJ
JHVWHGWKDW706PD\EHHI¿FDFLRXV,WLVFXUUHQWO\XQGHUIXUWKHUVWXG\LQWKH
8QLWHG6WDWHV LQ WZR ODUJHVFDOHPXOWLVLWH FOLQLFDO WULDOV7KH'HSDUWPHQW
RI9HWHUDQ¶V$IIDLUVLVFRQVLGHULQJDQRWKHUPXOWLVLWHVWXG\WRGRFXPHQWLWV
HIIHFWLYHQHVV LQ SDWLHQWVZLWK GHSUHVVLRQ DVVRFLDWHGZLWK YDULRXV FRPRU
ELGLWLHVFRPPRQO\IRXQGLQYHWHUDQV7KHXVHRI706ZLOOEHUHYLHZHGDVD
SRWHQWLDOWUHDWPHQWIRUGHSUHVVLRQLQWKHHOGHUO\
5HJDUGLQJ DSDWK\ VHYHUDO WUHDWPHQWV KDYH EHHQ FRQVLGHUHG LQFOXGLQJ
GRSDPLQHDJRQLVWVDFHW\FKROLQHVWHUDVHLQKLELWRUVDQGPHPDQWLQHKRZHY
HUSDUWLFXODUO\DWWHQWLRQKDVIRFXVHGRQVWLPXODQWPHGLFDWLRQV$QH[WHQVLYH
OLWHUDWXUHH[LVWVUHJDUGLQJWKHXVHRIWKHVWLPXODQWDPSKHWDPLQHLQPLOLWDU\
DLUFUDIWSLORWVDVDFRXQWHUPHDVXUHLQKLJKIDWLJXHVLWXDWLRQV7KLVDYLDWLRQ
OLWHUDWXUHKDVQRZEHJXQWKHV\VWHPDWLFVWXG\RIPRGD¿QLO3URYLJLOZKLFK
LVDQDSSURYHGWUHDWPHQWIRUQDUFROHSV\LQWKHVHKLJKIDWLJXHDYLDWLRQVLWX
DWLRQV7KHXVHRIPRGD¿QLOZLOOEH UHYLHZHGDVDSRWHQWLDO WUHDWPHQW IRU
DSDWK\LQWKHHOGHUO\
5HIHUHQFHV
0DUWLQ-/5HWDO5HSHWLWLYHWUDQVFUDQLDOPDJQHWLFVWLPXODWLRQIRUWKHWUHDW
PHQWRIGHSUHVVLRQ6\VWHPDWLFUHYLHZDQGPHWDDQDO\VLV%ULWLVK-RXUQDORI
3V\FKLDWU\
&DOGZHOO-$HWDO(IIHFWVRQ6LPXODWRU3HUIRUPDQFHDQG0RRGLQ3LORWV
'XULQJ K ZLWKRXW VOHHS $YLDWLRQ 6SDFH DQG (QYLURQPHQWDO 0HGLFLQH

!&&%#4)6%¬$)3/2$%23¬5.)0/,!2	¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
$1HXUDO&LUFXLWU\$SSURDFK7R$Q[LHW\DQG'HSUHVVLRQ
6
%UDLQ,PDJLQJLQ0RRG'LVRUGHUV
.ODXV(EPHLHU
8QLYHUVLW\RI(GLQEXUJK8.
(PPD5RVH'RXJODV6WHHOH
2EMHFWLYHV %ORRG R[\JHQ OHYHO GHSHQGHQW %2/' IXQFWLRQDO 05, WR
LQYHVWLJDWHEUDLQDFWLYLW\LQSDWLHQWVZLWKPDMRUGHSUHVVLYHHSLVRGHV0''
LV RI SDUWLFXODU LQWHUHVW EHFDXVH GHSUHVVLRQ DIIHFWV FRJQLWLYH IXQFWLRQ DQ
DVSHFWRIEUDLQDFWLYLW\WKDW LVSDUWLFXODUO\DPHQDEOHWRI05,DQDO\VLVDQG
WKDW DW WKH VDPH WLPHPD\ EH RQH RI WKHPDMRU UHDVRQZK\ GHSUHVVLRQ LV
IDVW EHFRPLQJ RQH RI WKH PRVW LPSRUWDQW UHDVRQ IRU ORVW ZRUNLQJ KRXUV
ZRUOGZLGH
0HWKRGVSDWLHQWVZLWKPDMRUGHSUHVVLYHHSLVRGHVDQGKHDOWK\PDWFKHG
YROXQWHHUVZHUHH[DPLQHGZLWKDYDULHW\RIEHKDYLRXUDOSDUDGLJPVH[DPLQ
LQJZRUNLQJPHPRU\ DQG HUURU VLJQDOVZLWK DVVRFLDWLYH OHDUQLQJ$ VPDOO
JURXSRIKHDOWK\YROXQWHHUVZDVH[DPLQHGWRHVWLPDWHWKHHIIHFWRIVHURWRQLQ
UHXSWDNHLQKLELWLRQRQVXFKWDVNVDQGWKHLUDVVRFLDWHGEUDLQUHVSRQVHV
5HVXOWV'HSUHVVHGSDWLHQWVGLIIHUHG IURPFRQWUROV LQKDYLQJDQ LQFUHDVHG
HUURUVLJQDOGXULQJDJDPEOLQJWDVNLQURVWUDODQWHULRUFLQJXODWHDQGSDUDKLS
SRFDPSDOFRUWH[7KLVZDVFRUUHODWHGLQVRPHUHJLRQVZLWKLOOQHVVVHYHULW\
&KDQJHLQHIIHFWLYHFRQQHFWLYLW\EHWZHHQSUHVSHFL¿HGUHJLRQVRILQWHUHVWLQ
WKHOLPELFDQGSDUDOLPELFV\VWHPZDVLQVRPHFDVHVFRUUHODWHGZLWKLOOQHVV
VHYHULW\
,QDYLVXDOZRUNLQJPHPRU\WDVNQEDFNWDVNVLJQL¿FDQWJURXSGLIIHUHQFHV
LQORDGGHSHQGHQWDFWLYDWLRQZHUHIRXQGLQWKHPHGLDORUELWRIURQWDOFRUWH[
URVWUDODQWHULRUFLQJXODWH:KLOHERWKJURXSVH[KLELWHGDVLJQL¿FDQWGHFUHDVH
LQDFWLYDWLRQLQWKLVUHJLRQZLWKLQFUHDVHGWDVNGLI¿FXOW\WKHPDJQLWXGHRI
WKLVGHFUHDVHZDVVPDOOHULQSDWLHQWVZLWK0''WKDQLQFRQWUROV3RVWKRF
DQDO\VLVRIUHJLRQVRIFRUWLFDODFWLYDWLRQDIWHUUHPRYLQJLQFRUUHFWUHVSRQVHV
VKRZHGWKDWQRVLJQL¿FDQWGLIIHUHQFHVUHPDLQHGEHWZHHQGLDJQRVWLFJURXSV
7KLVHIIHFWZDVQRWDWWULEXWDEOHWRPHGLFDWLRQ
&RQFOXVLRQV2XU VWXGLHV SURYLGH HYLGHQFH RI WKH H[FHVVLYH LQYROYHPHQW
RIURVWUDODQWHULRUFLQJXODWHDQGSDUDKLSSRFDPSDOEUDLQUHJLRQVLQSUHGLF
WLYH HUURU VLJQDOV 6LPLODUO\ H[FHVVLYHPHGLDO RUELWRIURQWDO FRUWH[ URVWUDO
DQWHULRUFLQJXODWHDFWLYDWLRQDSSHDUVWREHDVVRFLDWHGZLWKHUURUVLQZRUNLQJ
PHPRU\SHUIRUPDQFH7KLVDOORZV¿UVWWHQWDWLYHFRQFOXVLRQVDVWRWKHEUDLQ
PHFKDQLVPVUHVSRQVLEOHIRULPSDLUHGFRJQLWLYHIXQFWLRQLQFOLQLFDOGHSUHV
VLRQ
5HIHUHQFHV
6WHHOH -' 0H\HU 0 (EPHLHU .3  1HXUDO SUHGLFWLYH HUURU VLJQDO
FRUUHODWHVZLWKGHSUHVVLYHLOOQHVVVHYHULW\LQDJDPHSDUDGLJP1HXURLPDJH

(EPHLHU . .URQKDXV '  %UDLQ LPDJLQJ DQG PRRG GLVRUGHUV ,Q
'¶+DHQHQ+ GHQ%RHU -$:LOOQHU 3 HGV%LRORJLFDO 3V\FKLDWU\:LOH\
/RQGRQSS
(EHUW'(EPHLHU.37KHUROHRIWKHFLQJXODWHJ\UXVLQGHSUHVVLRQ
IURP IXQFWLRQDO DQDWRP\ WR QHXURFKHPLVWU\ %LRORJLFDO 3V\FKLDWU\ 

6
1HXUDO&RUUHODWHVRI$QWLFLSDWRU\$Q[LHW\DQG3DQLF
D3(76WXG\
-RKDQ$GHQ%RHU
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\0HGLFDO&HQWUH*URQLQJHQ
32%R[5%*URQLQJHQ1HWKHUODQGV
0/%RVKXLVHQ$$765HLQGHUV$0-3DDQV
2YHU WKHSDVWGHFDGHVVHYHUDOVWXGLHVKDYHEHHQFRQGXFWHG WR LGHQWLI\ WKH
QHXURDQDWRPLFDOVXEVWUDWHVWKDWDUHLQYROYHGLQDQ[LHW\7KHVHVWXGLHVLQGL
FDWHWKDW WKHDP\JGDODDVXEFRUWLFDOEUDLQVWUXFWXUHWKDWIRUPVSDUWRI WKH
OLPELFV\VWHPDQGWKHKLSSRFDPSXVDUHSOD\LQJDPDMRUUROHLQDQ[LHW\
2EMHFWLYHV7KHDLPRIWKHUHVHDUFKUHSRUWHGKHUHZDVWRIXUWKHUFKDUDFWHU
L]HWKHQHXURELRORJLFDOVXEVWUDWHRISDQLFGLVRUGHU3'DQGWRFKDUDFWHUL]H
WKH HIIHFWV RI WUHDWPHQW :H XVHG D SKDUPDFRORJLFDO FKDOOHQJH ZLWK WKH
&&.% UHFHSWRU DJRQLVW 3HQWDJDVWULQ LQ 3' SDWLHQWV DQG KHDOWK\ FRQWURO
VXEMHFWVDQGPHDVXUHG UHJLRQDOFHUHEUDOEORRGÀRZU&%)FKDQJHVZLWK
+23(7
0HWKRGV 6HYHQWHHQ 3' SDWLHQWV DQG  KHDOWK\ FRQWURO VXEMHFWV ZHUH
VWXGLHGZLWK+23(7 VFDQ EHIRUH DQG DIWHU D SHQWDJDVWULQ FKDOOHQJH
6L[SDWLHQWVZHUHVWXGLHGWZLFHRQFHEHIRUHDQGRQFHDIWHUZHHNVRIVXF
FHVVIXOWUHDWPHQWZLWKWKH665,VHUWUDOLQH
5HVXOWVFKDOOHQJH'XULQJDQWLFLSDWRU\DQ[LHW\ZHIRXQGGLPLQLVKHGDFWLY
LW\LQWKHSUHFHQWUDOJ\UXVWKHLQIHULRUIURQWDOJ\UXVWKHULJKWDP\JGDODDQG
WKH DQWHULRU LQVXOD LQ 3' SDWLHQWV FRPSDUHG WR FRQWUROV +\SHUDFWLYLW\ LQ
SDWLHQWVFRPSDUHGWRFRQWUROVZDVREVHUYHGLQWKHSDUDKLSSRFDPSDOJ\UXV
WKHVXSHULRUWHPSRUDO OREH WKHK\SRWKDODPXV WKHDQWHULRUFLQJXODWHJ\UXV
DQGWKHPLGEUDLQ5HJLRQVRILQFUHDVHGDFWLYLW\LQWKHSDWLHQWVFRPSDUHGWR
WKHFRQWUROVZHUHWKHSDUDKLSSRFDPSDOJ\UXVWKHVXSHULRUWHPSRUDOOREHWKH
DQWHULRUFLQJXODWHJ\UXVDQGWKHPLGEUDLQ
5HVXOWVWUHDWPHQWVWXG\%HIRUHWUHDWPHQWDOOSDWLHQWVH[SHULHQFHGDSDQLF
DWWDFNDIWHUSHQWDJDVWULQLQMHFWLRQZKLOHDIWHUVXFFHVVIXOWUHDWPHQWRQO\WZR
RXW RI VL[ SDWLHQWV SDQLFNHG$IWHU WUHDWPHQWZLWK VHUWUDOLQHZH REVHUYHG
LQFUHDVHVLQU&%)LQWKHSDUDKLSSRFDPSDOJ\UXVPLGEUDLQWKDODPXVDQGWKH
K\SRWKDODPXVDVFRPSDUHGWRWKHVLWXDWLRQEHIRUHWUHDWPHQWLQUHVWDVZHOO
DVDIWHUSHQWDJDVWULQLQMHFWLRQ,QWKHSUHIURQWDOFRUWH[DQGWKHRUELWRIURQWDO
FRUWH[ SRVWWUHDWPHQW D GHFUHDVH ZDV VHHQ GXULQJ UHVW ZKLOH DQ LQFUHDVH
ZDVQRWLFHGGXULQJSHQWDJDVWULQFKDOOHQJHDVFRPSDUHGWRWKHSUHWUHDWPHQW
VLWXDWLRQ
&RQFOXVLRQVWKHGDWDGRQRWVXSSRUWWKHK\SRWKHVLVWKDWWKHUHLVLQFUHDVHG
DFWLYLW\RIWKHDP\JGDODLQHLWKHUDQWLFLSDWRU\DQ[LHW\RUGXULQJSDQLF7KLV
OHQGVVXSSRUWWRWKHK\SRWKHVLVWKDWWKHQHXUDOFLUFXLWU\LQYROYHGLQDQWLFLSD
WRU\DQ[LHW\LVWKHVDPHDVGXULQJIXOOEORZQSDQLF
7KHUHVXOWVRIWKLVVWXG\DOVRVXJJHVWWKDWDIWHUVXFFHVVIXOWUHDWPHQWRI3'
WKHUH DUH VWLOO FKDQJHV LQ U&%) GXULQJ SHQWDJDVWULQ FKDOOHQJH EXW WKHVH
FKDQJHVDUHFRPSDUDEOHWRWKHFKDQJHVVHHQLQKHDOWK\FRQWUROVXEMHFWVDQG
WKXVPRUHUHODWHGWRDQRUPDOUHDFWLRQRQSHQWDJDVWULQ
6
'LVVRFLDWLRQRIWKH3HUVRQDOLW\$3V\FKRELRORJLFDO6WXG\XVLQJ
3(7
(OOHUW1LMHQKXLV
0HQWDO+HDOWK&DUH'UHQWKH$VVHQ1HWKHUODQGV
2EMHFWLYHV0DQ\LQGLYLGXDOVZLWK376'RUPRUHFRPSOH[WUDXPDUHODWHG
GLVRUGHUVDOWHUQDWHEHWZHHQEHLQJ¿[DWHGRQWUDXPDWLFH[SHULHQFHVDQGEH
LQJGHWDFKHGIURPWKHP$V3LHUUH-DQHWRULJLQDOO\SURSRVHGWKH\DOWHUQDWH
EHWZHHQ WZR RU PRUH GLVVRFLDWLYH ³V\VWHPV RI LGHDV DQG IXQFWLRQV WKDW
FRQVWLWXWHSHUVRQDOLW\´ LHEHWZHHQ WZRRUPRUHGLVVRFLDWLYHSDUWVRI WKH
SHUVRQDOLW\,QWHUPVRIWKHWKHRU\RIVWUXFWXUDOGLVVRFLDWLRQRIWKHSHUVRQDO
LW\ WKLV DOWHUQDWLQJSDWWHUQ UHÀHFWV IDLOHG LQWHJUDWLRQEHWZHHQRQHRUPRUH
³HPRWLRQDO´ SDUWV RI WKH SHUVRQDOLW\ (3 DQG RQH RU PRUH ³DSSDUHQWO\
QRUPDO´ SDUWV RI WKH SHUVRQDOLW\ $13 (3V DUH ODUJHO\ VWXFN LQ GHIHQVH
IURPPDMRUWKUHDW$13VDUH¿[DWHGRQIXO¿OOLQJIXQFWLRQVLQGDLO\OLIHDQG
DWWHPSWWRPHQWDOO\DYRLG(3VWUDXPDWLFPHPRULHVDVVRFLDWHGZLWK(3VDQG
HPRWLRQDODQGERGLO\IHHOLQJVPRUHJHQHUDOO\
0HWKRGV (OHYHQ FDUHIXOO\ GLDJQRVHG SDWLHQWV ZLWK GLVVRFLDWLYH LGHQWLW\
GLVRUGHU OLVWHQHG WR QHXWUDO SHUVRQDOPHPRU\ VFULSWV DQG WUDXPDPHPRU\
VFULSWVDV(3DQG$137KHWUDXPDVFULSWVSHUWDLQHGWRDSHUVRQDOWUDXPDWLF
H[SHULHQFHIRU(3EXWQRWIRU$137KHWHVWFRQGLWLRQVZHUH$13QHXWUDO
VFULSW$13WUDXPDVFULSW(3Q(3W(3Q(3W$13Q$13W6XEMHF
WLYH DQGSK\VLRORJLF UHDFWLRQVZHUH DVVHVVHG DVZHOO DV UHJLRQDO FHUHEUDO
EORRGÀRZXVLQJ3(7
5HVXOWV 6XEMHFWLYH DQG SK\VLRORJLF UHDFWLRQV DQG SDWWHUQV RI UHJLRQDO
FHUHEUDOEORRGÀRZLQUHVSRQVH WRDXGLRWDSHG WUDXPDVFULSWVGHSHQGHGRQ
WKHGRPLQDQFHRI$13DQG(3GXULQJPHDVXUHPHQW ,Q WKLVFRQGLWLRQ(3
KDGPRUHVXEMHFWLYHHPRWLRQDODQGERGLO\UHDFWLRQVKLJKHUKHDUW UDWHDQG
EORRGSUHVVXUHDQGPRUHDFWLYDWLRQRIDP\JGDODLQVXODDQGFDXGDWH$13
KDGPRUHEORRGÀRZLQWKHPHGLDOSUHIURQWDOFRUWH[DQWHULRUFLQJXODWHSD
UDKLSSRFDPSDOJ\UXVDQGVHYHUDOSDULHWDODQGRFFLSLWDODUHDVZKHQOLVWHQLQJ
WRWKHWUDXPDVFULSW
&RQFOXVLRQV7KH¿QGLQJVRIWKLVRULJLQDOV\PSWRPSURYRFDWLRQVWXG\DUH
VXSSRUWLYH RI WKH WKHRU\ RI WUDXPDUHODWHG VWUXFWXUDO GLVVRFLDWLRQ RI WKH
SHUVRQDOLW\7KH\VXJJHVWWKDWWKHSV\FKRELRORJLFDOUHDFWLRQVRIWUDXPDWLVHG
LQGLYLGXDOVWRVWUHVVRUVGHSHQGRQWKHGLVVRFLDWLYHSDUWRIWKHLUSHUVRQDOLW\
WKDW GRPLQDWHV FRQVFLRXVQHVV DQG EHKDYLRXU DW WKH WLPH RIPHDVXUHPHQW
7KHLPSOLFDWLRQVIRUWKHSV\FKRELRORJLFDOVWXG\RIWUDXPDWLVDWLRQDUHSUR
!.8)%49¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
IRXQGQRWDEO\LIIXWXUHVWXGLHVGRFXPHQWWKDWPRWLYDWHGFRQWUROVLQVWUXFWHG
WRVLPXODWH$13DQG(3GRQRWKDYHWKHPDUNHGO\GLIIHUHQWSV\FKRELRORJLFDO
UHDFWLRQVWKDWDXWKHQWLF$13VDQG(3VGLVSOD\
5HIHUHQFHV
5HLQGHUV$$761LMHQKXLV(564XDN-.RUI-+DDNVPD-3DDQV$0-
:LOOHPVHQ$70GHQ%RHU -$ 3V\FKRELRORJLFDO FKDUDFWHULVWLFVRI
GLVVRFLDWLYH LGHQWLW\ GLVRUGHU U&%) SK\VLRORJLF DQG VXEMHFWLYH ¿QGLQJV
IURPDV\PSWRPSURYRFDWLRQVWXG\ ,Q5HLQGHUV$$76)URPPHWKRGV WR
PHDQLQJ LQ IXQFWLRQDO QHXURLPDJLQJ *URQLQJHQ 8QLYHUVLW\ 'LVVHUWDWLRQ
SS
6
$P\JGDOD3UHIURQWDO&RXSOLQJDQGWKH3RO\PRUSKLVPLQWKH
+77*HQH$Q,PDJLQJ*HQRPLFV6WXG\
'LHWHU)%UDXV
1HXUR,PDJH1RUG3V\FKLDWU\8QLYHUVLW\0HGLFDO&HQWUH
+DPEXUJ*HUPDQ\
0LFKDHO16PROND&KULVWLDQ%FKHO$QGUHDV+HLQ]
2EMHFWLYHV0DMRU GHSUHVVLYH GLVRUGHU KDV EHHQ FRQGLWLRQDOO\ OLQNHG WR D
SRO\PRUSKLVPRIWKHKXPDQVHURWRQLQWUDQVSRUWHUJHQH6&/$&DUULHUV
RIWKHVDOOHOHRIWKLVJHQHKDYHDKLJKLQFLGHQFHRIPRRGGLVRUGHURUVXLFLGH
DWWHPSWVLIVWUHVVIXOOLIHHYHQWVRFFXU%RWKDP\JGDODDQGSUHIURQWDOFRUWH[
VKRZDEQRUPDOO\KLJKDFWLYLW\LQPRRGGLVRUGHU
0HWKRGV:H WHVWHG LQ  KHDOWK\ VXEMHFWV WKH K\SRWKHVLV WKDW VHURWRQLQ
WUDQVSRUWHUJHQRW\SHDIIHFWVFRXSOLQJEHWZHHQWKHDP\JGDODDQGSUHIURQWDO
FRUWH[ XVLQJ I05, GXULQJ WKH SUHVHQWDWLRQ RI HPRWLRQDOO\ VDOLHQW YLVXDO
VWLPXOL
5HVXOWV :H FRXOG GHPRQVWUDWH +77 JHQRW\SHGHSHQGHQW FKDQJHV LQ
IXQFWLRQDOFRXSOLQJEHWZHHQDP\JGDODDQGSUHIURQWDOFRUWH[
&RQFOXVLRQV2XUGDWDVWUHQJWKHQWKHK\SRWKHVLVWKDWVHURWRQLQWUDQVSRUWHU
IXQFWLRQSOD\VDUROHLQWKHGHYHORSPHQWRIQHJDWLYHPRRGVWDWHVDQGVXJ
JHVW DPHFKDQLVP WKDWPD\ H[SODLQ WKH DEQRUPDOO\ LQFUHDVHG EORRGÀRZ
LQ WKH DP\JGDODH DQG SUHIURQWDO FRUWH[ LQ VXEMHFWVZLWKPDMRU GHSUHVVLYH
GLVRUGHU2XUVWXG\LQGLFDWHVWKDWWKHHPRWLRQDOVDOLHQF\RIQHJDWLYHVWLPXOL
RUHYHQWVPD\EHHQKDQFHGLQFDUULHUVRIWKH6&/$VDOOHOH7KHGHYHORS
PHQWRIFRJQLWLYHELDVHVDQGG\VIXQFWLRQDODWWLWXGHV WKDWHQKDQFH WKH ULVN
IRUGHSUHVVLRQ DQGDQ[LHW\GLVRUGHUV FRXOGEHSURPRWHG LQ FDUULHUVRI WKH
VDOOHOHZKHUHDVOOFDUULHUVPLJKWKDYHDJHQHWLFDOO\GULYHQWHQGHQF\WRORRN
³RQWKHEULJKWVLGHRIOLIH´
5HIHUHQFHV
+HLQ]$%UDXV')6PROND01HWDO$P\JGDODSUHIURQWDOFRXSOLQJ
GHSHQGV RQ D JHQHWLF YDULDWLRQ RI WKH VHURWRQLQ WUDQVSRUWHU1DW1HXURVFL

6
$QLPDO0RGHOVRI$Q[LHW\'LVRUGHUV
6
$Q$QLPDO0RGHORI3RVWWUDXPDWLF6WUHVV'LVRUGHULQ5DWV
.XQLR6KLPL]X
1DWLRQDO'HIHQFH0HGLFDO&ROOHJH-DSDQ
7DNHKLWR6DZDPXUD.DQML1DNDL0DVDVKL1LEX\D
7RPRNL:DNL]RQR*R6X]XNL0DULNR6XJDZDUD
<RVKLWRPR7DNDKDVKL6RLFKLUR1RPXUD
2EMHFWLYHV 7R EHWWHU XQGHUVWDQG WKH QHXURVFLHQWL¿F DVSHFWV RI SRVWWUDX
PDWLFVWUHVVGLVRUGHU376' LW LVQHFHVVDU\WRHVWDEOLVKDQDQLPDOPRGHO
RI 376' LQZKLFK EHKDYLRUDO FKDQJHV SHUVLVW DIWHU LQLWLDO WUDXPDWL]DWLRQ
:H DGPLQLVWHUHG LQHVFDSDEOH IRRWVKRFNV ,6 WR PDOH:LVWDU UDWV DJHG 
ZHHNVLQDVKXWWOHER[V\VWHPZLWKRXWDQ\VLJQDOOLJKWVDQGDIWHUZHHNV
DQ DYRLGDQFHHVFDSH WDVN ZDV SHUIRUPHG LQ WKH VDPH ER[ XVLQJ VLJQDO
OLJKWVDVPHUHH[WHUQDOVWLPXOL7KHUDWVH[SRVHGWR,6ZHHNVEHIRUHKDQG
H[KLELWHG376'OLNHELGLUHFWLRQDOEHKDYLRUDOFKDQJHVVLPLODUWRV\PSWRPV
RI ³DYRLGDQFHQXPELQJ´ HJ GHFUHDVHG DFWLYLW\ UHDFWLYLW\ DQG LQWHUHVW
LQ VXUURXQGLQJV DQG ³K\SHUDURXVDO´ HJ LUULWDELOLW\ DQG H[DJJHUDWHG UH
VSRQVLYHQHVVWRH[WHUQDOVWLPXOL7KDWLVLQWKHUHODWLYHFDOPRIWKHPLQ
DGDSWDWLRQSHULRGMXVWEHIRUHWKHDYRLGDQFHHVFDSHWDVNVHVVLRQVSRQWDQHRXV
ORFRPRWRU DFWLYLWLHV LQ UDWV GHFUHDVHG2Q WKH RWKHU KDQG LQ WKH VWUHVVIXO
VLWXDWLRQ DIWHU VWDUWLQJ WKH WDVN QRW RQO\ DYRLGDQFH UHVSRQVHV WR H[WHUQDO
VWLPXOLEXWDOVRJDWHFURVVLQJVGXULQJWKHLQWHUWULDOLQWHUYDO,7,LQFUHDVHG
7KXVWKHSDUDGLJPZHKDYHXVHGXQWLOQRZFRXOGVHUYHDVDXVHIXO376'
PRGHOEHFDXVHRILWV³IDFHYDOLGLW\´7.REDHWDO7RGHPRQVWUDWH
WKHJUHDWHUYDOLGLW\RIWKLVPRGHOZHDGPLQLVWHUHGSDUR[HWLQH35;ZKLFK
LV¿UVWFKRLFHGUXJIRU376' WRUDWV MXVWDIWHU,6IRUZHHNV WRH[DPLQH
LWV FKURQLF HIIHFW RQRXUPRGHO:HDOVR VXEVWLWXWHG) UDWVZKLFK DUH
YXOQHUDEOH WR YDULRXV VWUHVVRUV DQGZKRVH VWUHVV UHDFWLRQV DOVR WHQG WREH
H[DJJHUDWHGIRUWKH:LVWDUUDWVXVHGXSWRWKLVWLPHWRLQYHVWLJDWHWKHGLIIHU
HQFHEHWZHHQWKHVWUDLQV
0HWKRGV$VKXWWOHER[ZDVSODFHGLQDGLPO\OLWHQYLURQPHQW)LJ7ZR
ZHHNVDIWHUWKH,6VHVVLRQFRUUHVSRQGLQJWR³WUDXPD´HVFDSDEOHIRRWVKRFN
WULDOVZHUHSHUIRUPHGDQGDVLJQDOOLJKWZDVJLYHQIURPVHFSULRUWRHDFK
IRRWVKRFNLQWKHDYRLGDQFHHVFDSHWDVNVHVVLRQ)LJ'XULQJWKHDGDSWD
WLRQSHULRGSULRUWRWKHWDVNWKHQXPEHURILQIUDUHGEHDPFURVVLQJVLQWKH
FKDPEHUVZDVFRXQWHGDVORFRPRWRUDFWLYLWLHV0RYLQJWRWKHRWKHUFKDPEHU
ZKLOHWKHVLJQDOOLJKWZDVRQZDVFRXQWHGDVDYRLGDQFHDQGPRYLQJWKURXJK
WKHJDWHLQ,7,ZDVFRXQWHGDVXQQHFHVVDU\FURVV
5HVXOWV7ZRZHHNVRI35;WUHDWPHQWPJNJLSRQFHGDLO\VLJ
QL¿FDQWO\UHGXFHGK\SHUDURXVDOOLNHEHKDYLRUDQGLWVDPHOLRUDWLQJHIIHFWRQ
DYRLGDQFHQXPELQJOLNHEHKDYLRUZDVDOVRVLJQL¿FDQW)LJV)
VKRZHGPRUHVLJQL¿FDQWµELGLUHFWLRQDOFKDQJHV¶ WKDQ:LVWDUUDWV)LJV

&RQFOXVLRQV7KHVH¿QGLQJVGHPRQVWUDWHWKDWRXUSDUDGLJPLVVXI¿FLHQWO\
YDOLGIRUDQDQLPDOPRGHORI376'HVSHFLDOO\LQ³SUHGLFWLYHYDOLGLW\´DQG
³FRQVWUXFWYDOLGLW\´
5HIHUHQFHV
.RED 7 HW DO  3HUVLVWHQW EHKDYLRXUDO FKDQJHV LQ UDWV IROORZLQJ
LQHVFDSDEOHVKRFNVWUHVVDSRWHQWLDOPRGHORISRVWWUDXPDWLFVWUHVVGLVRUGHU
:RUOG-%LRO3V\FKLDWU\
!.8)%49¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
1R$EVWUDFW5HFHLYHG
6RLFKLUR1RPXUD
-DSDQ
6
%$/%F0LFHDVDQ$QLPDO0RGHORI$Q[LR'HSUHVVLYH
'LVRUGHU
&DWKHULQH%HO]XQJ
($3V\FKRELRORJLHGHV(PRWLRQV7RXUV)UDQFH
2EMHFWLYHV5HVHDUFKRQDQ[LHW\GLVRUGHUVKDVEHHQKDPSHUHGE\WKHODFNRI
DFFXUDWHDQLPDOPRGHOV,QGHHGZKLOHPDQ\ELRDVVD\VDQGWHVWVVLWXDWLRQV
DUHXVHGWKDWHQDEOHWRDVVHVVDQ[LRXVDQGGHSUHVVLYHSKHQRW\SHVWKHQHFHV
VLW\WRGHYHORSURGHQWPRGHOVH[KLELWLQJIHDWXUHVRIWKHVHGLVHDVHVDUHVWLOO
PLVVLQJ6XFKDQLPDOPRGHOVFDQEHGHYHORSHGXVLQJGLIIHUHQW WRROV VXFK
DVFRQIURQWDWLRQRIDQLPDOVWRWUDXPDWLFVLWXDWLRQVWRPRGHOSRVWWUDXPDWLF
VWUHVVGLVRUGHUVRUPLPLFNLQJYXOQHUDELOLW\IDFWRUVWRVXFKGLVRUGHUV7KHVH
IDFWRUVFDQEHJHQHWLFJHQHWLFLQYDOLGDWLRQRURYHUH[SUHVVLRQRUHSLJHQHWLF
SUHQDWDO VWUHVV SRRUPDWHUQDO FDUH HWF+RZHYHU DVSV\FKLDWULF GLVHDVH
UDWKHU UHVXOW IURP FRPSOH[ LQWHUDFWLRQ EHWZHHQ JHQHWLF DQG HSLJHQHWLF
IDFWRUV PRGHOV WKDW WDNH ERWK IDFWRUV LQWR DFFRXQW ZRXOG EH LQWHUHVWLQJ
WDUJHWV,QWKLVZD\LQEUHGVWUDLQVRIPLFHDUHJRRGFDQGLGDWHDVWKH\GLI
IHUE\JHQHWLFDVZHOODVE\HSLJHQHWLFIDFWRUV,QGHHGWKH\GLIIHUERWKIRU
HSLJHQHWLFIDFWRUVLQWUDXWHULQHHQYLURQPHQWPDWHUQDOFDUHDQGIRUJHQHWLF
FKDUDFWHULVWLFV7KH%$/%FVWUDLQLVSDUWLFXODUO\LQWHUHVWLQJVLQFHWKHUHDUH
QXPHURXVUHSRUWRIHOHYDWHGDQ[LHW\EHKDYLRXULQWKLVVWUDLQ
0HWKRGV:HXVHG%$/%FPLFH LQRUGHU WR WHVW WKHK\SRWKHVLV WKDW WKH\
ZRXOGEHDQDQLPDOPRGHORIYXOQHUDELOLW\WRDQ[LHW\GLVRUGHUV:HDVVHVVHG
WKHLUPDWHUQDOEHKDYLRXUDQ[LHW\EHKDYLRXUGHSUHVVLYHOLNHEHKDYLRXUDQG
SRO\PRUSKLVPIRU VRPHSDUWLFXODUJHQHV LQYROYHG LQGHSUHVVLRQ WKHEGQI
JHQH
!.8)%49¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
5HVXOWV 5HVXOWV VKRZ WKDW%$/%FPLFH GLVSOD\ SRRUPDWHUQDO FDUH HO
HYDWHGWUDLWDQGVWDWHDQ[LHW\KLJKVHQVLWLYLW\WRGHSUHVVLYHOLNHV\PSWRPV
DQGDSRO\PRUSKLVPRIWKHEGQIJHQH
&RQFOXVLRQV7KH%$/%FPLFHVWUDLQPD\EHDQDQLPDOPRGHORIDQ[LHW\
EHLQJPRGHOVRIERWKJHQHWLFDQGHSLJHQHWLFYXOQHUDELOLW\IDFWRUV
6
6LJQDO$WWHQXDWLRQ±D1HZ5DW0RGHORI2EVHVVLYH
&RPSXOVLYH'LVRUGHU"
'DSKQD-RHO
'HSDUWPHQWRI3V\FKRORJ\7HO$YLY8QLYHUVLW\7HO$YLY,VUDHO
2EVHVVLYH FRPSXOVLYH GLVRUGHU 2&' LV D SV\FKLDWULF DIÀLFWLRQ ZLWK D
OLIHWLPHSUHYDOHQFHRIFKDUDFWHUL]HGE\UHFXUUHQWREVHVVLYHWKRXJKWV
DQGRUFRPSXOVLYHEHKDYLRUVHJGRXEWLQJFKHFNLQJZDVKLQJ:HKDYH
UHFHQWO\GHYHORSHGDPRGHORI2&'LQWKHUDWXVLQJDQRYHOSURFHGXUHSRVW
WUDLQLQJVLJQDODWWHQXDWLRQZKLFKVLPXODWHVDGH¿FLHQWUHVSRQVHIHHGEDFN
K\SRWKHVL]HG WRXQGHUOLHREVHVVLRQVDQGFRPSXOVLRQV LQ2&'SDWLHQWV ,Q
2&'FRPSXOVLYHEHKDYLRUVDUHDVVXPHGWRUHVXOWIURPDGH¿FLWLQWKHIHHG
EDFNDVVRFLDWHGZLWKWKHSHUIRUPDQFHRIQRUPDOJRDOGLUHFWHGUHVSRQVHV,Q
WKHPRGHOWKHJRDOGLUHFWHGEHKDYLRULVOHYHUSUHVVLQJIRUIRRG7RPDQLSX
ODWHWKHIHHGEDFNDVVRFLDWHGZLWKPDNLQJDUHVSRQVHZHXWLOL]HWKHIROORZLQJ
VWUDWHJ\5DWVDUH¿UVWWUDLQHGWROHYHUSUHVVIRUIRRGZKRVHGHOLYHU\LVDF
FRPSDQLHGE\DVWLPXOXVZKLFKKDGEHHQSUHYLRXVO\SDLUHGZLWKIRRG,QWKLV
PDQQHUWKHVWLPXOXVLVHVWDEOLVKHGDVDIHHGEDFNFXHZKLFKVLJQDOVWKDWWKH
OHYHUSUHVVUHVSRQVHZDVHIIHFWLYHLQSURGXFLQJIRRG7KH³VLJQDOLQJ´SURS
HUW\RIWKHVWLPXOXVLVWKHQDWWHQXDWHGE\UHSHDWHGO\SUHVHQWLQJWKHVWLPXOXV
ZLWKRXWIRRGZLWKRXWWKHUDWHPLWWLQJWKHOHYHUSUHVVUHVSRQVH)LQDOO\WKH
HIIHFWVRI6LJQDO$WWHQXDWLRQRQOHYHUSUHVVUHVSRQGLQJDUHDVVHVVHGXQGHU
H[WLQFWLRQFRQGLWLRQV WKDW LVSUHVVLQJ WKH OHYHUUHVXOWV LQ WKHSUHVHQWDWLRQ
RI WKH VWLPXOXV EXW QR IRRG LV GHOLYHUHG 5DWV WKDW XQGHUZHQW 6LJQDO$W
WHQXDWLRQ SULRU WR WKH H[WLQFWLRQ WHVW H[KLELW H[FHVVLYH OHYHUSUHVVLQJ WKDW
LV QRW IROORZHG E\PDJD]LQH HQWU\7KLV EHKDYLRUZKLFKZH KDYH QDPHG
ÃFRPSXOVLYHµ OHYHUSUHVVLQJEHFDXVH LWPD\EHDQDORJRXV WR WKHH[FHVVLYH
DQGXQUHDVRQDEOHEHKDYLRUVHHQLQ2&'LVQHYHUH[KLELWHGGXULQJWUDLQLQJ
DQGLVUDUHO\VHHQGXULQJDQH[WLQFWLRQVHVVLRQWKDWLVQRWSUHFHGHGE\6LJQDO
$WWHQXDWLRQ7KH UHOHYDQFHRI WKLVH[FHVVLYH OHYHUSUHVVLQJ WRFRPSXOVLYH
EHKDYLRULVVXSSRUWHGE\WKHIDFWWKDWLWLVDEROLVKHGE\VHURWRQLQUHXSWDNH
LQKLELWRUVZKLFKDUHWKHRQO\FRPSRXQGVWRGDWHZLWKSURYHQHI¿FDF\LQ
WKHWUHDWPHQWRI2&'0RUHRYHUWKHHIIHFWRIWKHVHGUXJVLQWKHPRGHOLV
VHOHFWLYHDQGVSHFL¿FDV LW LVQRWREWDLQHGIROORZLQJ WUHDWPHQWZLWKDQ[L
RO\WLFDQWLSV\FKRWLFDQGFODVVLFDOWULF\FOLFDQWLGHSUHVVDQWGUXJV,QDGGLWLRQ
WKHEHKDYLRUDOHIIHFWVRI6LJQDO$WWHQXDWLRQDUHHQKDQFHGIROORZLQJOHVLRQV
WRWKHRUELWDOFRUWH[LQOLQHZLWK¿QGLQJVLPSOLFDWLQJWKHRUELWRIURQWDOFRUWH[
LQWKHSDWKRSK\VLRORJ\RI2&':HWKHUHIRUHVXJJHVWWKDWH[FHVVLYHOHYHU
SUHVVLQJ LQGXFHG E\ 6LJQDO$WWHQXDWLRQPD\ SURYLGH DQ DQLPDOPRGHO RI
FRPSXOVLYHEHKDYLRUZLWKIDFHFRQVWUXFWDQGSUHGLFWLYHYDOLGLW\
6
1HZ,QVLJKWVLQWKH1HXURELRORJ\DQG3KDUPDFRORJ\RI
$Q[LHW\
)ORUHQFH&UHVWDQL
,QVWLWXWHRI3KDUPDFRORJ\	7R[LFRORJ\8QLYHUVLW\RI=ULFK
6ZLW]HUODQG
%HUQKDUG/VFKHU
2EMHFWLYHV 'HVSLWH WKHLU VLGH HIIHFW SUR¿OH EHQ]RGLD]HSLQHV VXFK DV GL
D]HSDPDUHWKHPRVWHIIHFWLYHDQ[LRO\WLFVDQGDUHVWLOO¿UVWOLQHWUHDWPHQWIRU
DFXWHVWDWHVRIDQ[LHW\DQGJHQHUDOL]HGDQ[LHW\GLVRUGHU7KHVHFRPSRXQGV
H[HUWWKHLUDFWLRQE\DXJPHQWLQJWKHUHVSRQVHVRI*$%$$UHFHSWRUVWRWKH
LQKLELWRU\QHXURWUDQVPLWWHU*$%$)RXUGLD]HSDPVHQVLWLYH*$%$$UHFHS
WRUVXEW\SHVPDGHRIWZRĮRU WZRȕRUDQGRQHȖVXEXQLW
KDYHEHHQLGHQWL¿HG:HSURSRVHGWRHOXFLGDWHWKHIXQFWLRQDOUHOHYDQFHRI
WKHVHUHFHSWRUVLQWKHUHJXODWLRQRIDQ[LHW\
0HWKRGV:HKDYHDQDO\VHGWKHHPRWLRQDOEHKDYLRXURIPXWDQWPLFHZLWK
HLWKHUDFRQVWLWXWLYHȖRUDFRQGLWLRQDO(P[&UHIȖDQG&D0.,
,&UHIȖKHWHUR]\JRXVLQDFWLYDWLRQRIWKHȖVXEXQLWZKLFKLVHVVHQWLDO
IRU WKH H[SUHVVLRQ RI WKH EHQ]RGLD]HSLQHELQGLQJ VLWH:H KDYH GLVVHFWHG
WKHSKDUPDFRORJLFDOVSHFWUXPRIGLD]HSDPXVLQJPLFHFDUU\LQJDKLVWLGLQH
DUJLQLQHSRLQWPXWDWLRQLQRQHVSHFL¿FĮRUVXEXQLWWKDWUHQGHUVWKH
FRUUHVSRQGLQJ*$%$$UHFHSWRUVXEW\SHLQVHQVLWLYHWRGLD]HSDP
5HVXOWVȖPLFHVKRZDUHGXFWLRQRIRIV\QDSWLF*$%$$UHFHSWRU
FOXVWHUVPDLQO\LQWKHFHUHEUDOFRUWH[DQGKLSSRFDPSXV%HKDYLRXUDOO\WKH\
GLVSOD\QHRSKRELDLQWKHIUHHFKRLFHH[SORUDWLRQWHVWDQGHQKDQFHGUHVSRQ
VLYHQHVVWRDPELJXRXVDQGQHJDWLYHVWLPXOLDVWHVWHGLQWKHHOHYDWHGSOXV
PD]H OLJKWGDUNFKRLFH WHVWDQG LQ IHDUFRQGLWLRQLQJSURWRFROV(P[&UH
IȖPLFHZKLFKDUHFKDUDFWHULVHGE\DIRUHEUDLQVSHFL¿F*$%$$UHFHS
WRUGH¿FLWLQJOXWDPDWHUJLFQHXURQVSUHVHQWWKURXJKRXWEUDLQGHYHORSPHQW
H[KLELWDVLPLODUEHKDYLRXUDOSKHQRW\SH,QFRQWUDVWWKHLQGXFWLRQRIDYLUWX
DOO\LGHQWLFDOGH¿FLWGXULQJDGROHVFHQFHDVLQWKH&D0.,,&UHIȖPLFH
LVQRWVXI¿FLHQW3RLQWPXWDWHGĮ+5PLFHZKLFKFRQWDLQ*$%$$
UHFHSWRUVLQVHQVLWLYHWRGLD]HSDPGRQRWGLVSOD\WKHDQ[LRO\WLFOLNHDFWLRQ
RI GLD]HSDP DV DVVHVVHG LQ WKH HOHYDWHG SOXVPD]H DQG OLJKWGDUN FKRLFH
WHVW LQ FRQWUDVW WR Į+5 Į+5 DQG Į+5 PLFH 7KH
VHGDWLYH DQG DQWLFRQYXOVDQW DFWLRQ RI GLD]HSDP DUH IXOO\ UHWDLQHG LQ WKH
Į+5PLFH
&RQFOXVLRQV ,PSDLUPHQW LQ IRUHEUDLQ *$%$$ UHFHSWRU IXQFWLRQ VSH
FL¿FDOO\ GXULQJ SUHQDWDO GHYHORSPHQW LV DVVRFLDWHG ZLWK D KHLJKWHQHG
HPRWLRQDOUHDFWLYLW\WRQHJDWLYHDQGWKUHDWHQLQJVLWXDWLRQVDWDGXOWKRRG7KH
Į*$%$$UHFHSWRUVZKLFKDUHPDLQO\H[SUHVVHGLQWKHOLPELFV\VWHPDUH
VSHFL¿FWDUJHWVIRUWKHGHYHORSPHQWRIIXWXUHVHOHFWLYHDQ[LRO\WLFGUXJV
6
'HSUHVVLYH,OOQHVVDQG3DQLF'LVRUGHU1HXURELRORJ\DQG
0HFKDQLVPVRI&DUGLDF5LVN
6
3DQLF'LVRUGHU%UDLQ7UDQVPLWWHUV6\PSDWKHWLF0HFKDQLVPV
DQG1(7*HQH(SLJHQHWLFV
0XUUD\(VOHU
%DNHU+HDUW5HVHDUFK,QVWLWXWH$XVWUDOLD
0DUOLHV($OYDUHQJD(OLVDEHWK/DPEHUW&LDUDQ3LHU'DYLG
%DUWRQ*DYLQ/DPEHUW-DFTXL+DVWLQJV-HII5LFKDUGV
3DQLFGLVRUGHUVHUYHVDVDFOLQLFDOPRGHOIRUWHVWLQJZKHWKHUPHQWDOVWUHVV
FDQ FDXVH KHDUW GLVHDVH 2XU RZQ FDUGLRORJLFDO PDQDJHPHQW RI SDQLF
GLVRUGHU SURYLGHV FDVHPDWHULDO RI UHFXUUHQW HPHUJHQF\ URRP DWWHQGDQFHV
ZLWK DQJLQD DQG HOHFWURFDUGLRJUDP LVFKHPLD WULJJHUHG DUUK\WKPLDV DWULDO
¿EULOODWLRQYHQWULFXODU¿EULOODWLRQDQGGRFXPHQWHGFRURQDU\DUWHU\VSDVP
LQVRPHFDVHVZLWKFRURQDU\VSDVPEHLQJFRPSOLFDWHGE\FRURQDU\WKURP
ERVLV
0HFKDQLVPV RI FDUGLDF ULVN 'XULQJ SDQLF DWWDFNV WKHUH DUH ODUJH V\P
SDWKHWLF QHUYH ¿EUH EXUVWV UHFRUGHG ZLWK V\PSDWKHWLF QHUYH UHFRUGLQJ
FOLQLFDOPLFURQHXURJUDSK\DQG LQFUHDVHV LQQRUDGUHQDOLQH UHOHDVHG IURP
WKHV\PSDWKHWLFQHUYHVRIWKHKHDUWPHDVXUHGZLWKFRURQDU\VLQXVYHQRXV
VDPSOLQJ DQG LVRWRSH GLOXWLRQ PHWKRGRORJ\ 7KHUH DUH DFFRPSDQ\LQJ
VXUJHVRIDGUHQDOPHGXOODU\HSLQHSKULQHVHFUHWLRQ2XUUHVXOWVLQGLFDWHWKDW
SRWHQWLDOQHXUDOPHFKDQLVPVRIFDUGLDFULVNDUHWKHV\PSDWKHWLFDFWLYDWLRQ
GXULQJSDQLFDWWDFNV DQGVSHFL¿FDOO\QHXURSHSWLGH<13< UHOHDVH LQ WKH
KHDUWSHUKDSVFRQWULEXWLQJWRFRURQDU\DUWHU\VSDVPUHOHDVHRIDGUHQDOLQH
DVDFRWUDQVPLWWHULQWKHFDUGLDFV\PSDWKHWLFQHUYHVLPSDLUHGQRUDGUHQDOLQH
QHXURQDO UHXSWDNH DXJPHQWLQJ WKH V\PSDWKRQHXUDO UHVSRQVH WR DQ[LHW\
DQG D QHZO\ GLVFRYHUHG DOWHUHG SDWWHUQ RI V\PSDWKHWLF VLQJOH QHUYH¿ULQJ
LQFUHDVHG SUREDELOLW\ RI PXOWLSOH QHUYH ¿ULQJV SHU KHDUW EHDW 9DVFXODU
PHFKDQLVPV RI FDUGLDF ULVN EDVHG RQ RXU SUHOLPLQDU\ HYLGHQFH LQFOXGH
HQGRWKHOLDOG\VIXQFWLRQDQGDFWLYDWLRQRILQÀDPPDWRU\SURFHVVHVLQGLFDWHG
WRXVE\LQFUHDVHGSODVPD&53
%UDLQQHXURWUDQVPLWWHUV:HKDYHXVHGLQWHUQDOMXJXODUYHQRXVVDPSOLQJ
DQGPHDVXUHPHQW RI RYHUÀRZLQJ OLSRSKLOLF EUDLQPRQRDPLQHPHWDEROLWHV
WRTXDQWLI\EUDLQQRUDGUHQDOLQHDQGVHURWRQLQWXUQRYHULQXQWUHDWHGSDWLHQWV
ZLWKSDQLFGLVRUGHU:H¿QGQRUPDOQRUHSLQHSKULQHWXUQRYHUEXWEDVHGRQ
PHDVXUHPHQWVRIWKHRYHUÀRZRIWKHVHURWRQLQPHWDEROLWH+,$$DPDUNHG
LQFUHDVHIROGLQEUDLQVHURWRQLQWXUQRYHULQSDWLHQWVZLWKSDQLFGLVRUGHU
LQWKHDEVHQFHRIDSDQLFDWWDFNZKLFKSUHVXPDEO\UHSUHVHQWVDQXQGHUO\LQJ
QHXURWUDQVPLWWHUVXEVWUDWHIRUWKHFRQGLWLRQ
*HQHWLFDQGHSLJHQHWLFSUHGLVSRVLWLRQWRSDQLFGLVRUGHU"3DQLFSDWLHQWV
FRPPRQO\ GHPRQVWUDWH D SKHQRW\SH RI LPSDLUHG QHXURQDO QRUDGUHQDOLQH
UHXSWDNH ZKLFK FDQ EH GHPRQVWUDWHG E\ WKH DSSOLFDWLRQ RI UDGLRWUDFHU
FDWHFKRODPLQHNLQHWLFV7KLVVHHPVWREHOLQNHGWR³FDUGLDFSDQLFNHU´VWDWXV
!.8)%49¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
LHSDWLHQWVKDYLQJSUHGRPLQDQWO\FDUGLDFV\PSWRPVDVPLJKWEHH[SHFWHG
IURPWKHHIIHFWVRIQRUDGUHQDOLQHUHXSWDNHEORFNLQWKHKHDUW:HKDYHQRW
IRXQGDQ\ORVVRIIXQFWLRQPXWDWLRQVRIFRGLQJUHJLRQVRIWKHQRUHSLQHSKULQH
WUDQVSRUWHU1(7JHQHLQSDQLFGLVRUGHUSDWLHQWVZKLFKFRXOGH[SODLQWKLV
:HGRKRZHYHUGHWHFWHSLJHQHWLFFKDQJHLQWKH1(7JHQHWDNLQJWKHIRUP
RI K\SHUPHWK\ODWLRQ RI &S* LVODQGV LQ WKH 1(7 JHQH SURPRWHU UHJLRQ
SUHVHQW LQ  RI  SDQLF GLVRUGHU SDWLHQWV VWXGLHG 7KLV SKHQRPHQRQ RI
SURPRWHUUHJLRQ'1$PHWK\ODWLRQLQRWKHUFRQWH[WVKDVEHHQGHPRQVWUDWHG
WRFDXVHJHQHVLOHQFLQJ&XUUHQWO\ZHDUHVHDUFKLQJIRUWKHSUHVHQFHLQSDQLF
GLVRUGHURI LQKLELWRU\ WUDQVFULSWLRQ IDFWRUV DFWLYDWHGE\K\SHUPHWK\ODWLRQ
XVLQJFKURPDWLQLPPXQRSUHFLSLWDWLRQPHWKRGRORJ\
6
1R$EVWUDFW5HFHLYHG
'DYLG%DUWRQ
$XVWUDOLD
6
$FHW\OFKROLQHVWHUDVH0RGXODWLRQVLQ3DQLF'LVRUGHU3DWLHQWV
+HUPRQD6RUHT
7KH+HEUHZ8QLYHUVLW\RI-HUXVDOHP,VUDHO
.HUHQ$LORQ0XUUD\(VOHU
2EMHFWLYHV,QKHULWHGDQGDFTXLUHGFKDQJHVLQVHUXP$FHW\OFKROLQHVWHUDVH
$&K(WRJHWKHUSURYLGHDVXUURJDWHPHDVXUHRIERWKWUDLWDQGVWDWHDQ[LHW\
IHDWXUHVLQKHDOWK\LQGLYLGXDOV6NODQHWDO7KLVUDLVHGWKHSRVVLELO
LW\ WKDW WUDQVLHQW FKDQJHV LQ FKROLQHUJLF VLJQDOLQJ RFFXU LQ SDWLHQWV ZLWK
SDQLF GLVRUGHUV XQGHU UHFXUUHQFH RI SDQLF DWWDFNV WKDW PHDVXUHPHQW RI
VHUXP$&K(FRXOGSURYLGHDQREMHFWLYHVXUURJDWHPDUNHUWRVXFKFKDQJHV
DQGWKDW665,WUHDWPHQWDEURJDWHV WKHVHFKDQJHV7RH[SORUHWKLVZRUNLQJ
K\SRWKHVLVZHKDYHMRLQWO\VWXGLHGVHUXP$&K(DFWLYLWLHVLQSDQLFGLVRUGHU
SDWLHQWVDQGPDWFKHGFRQWUROV
0HWKRGV3HULSKHUDODUWHU\LQWHUQDOMXJXODUYHLQDQGFRURQDU\VLQXVEORRG
VDPSOHVZHUHZLWKGUDZQIURPSDQLFGLVRUGHUSDWLHQWVDQGPDWFKHG
FRQWUROV DQG$&K( DFWLYLWLHVZHUH GHWHUPLQHG LQ WKH SUHVHQFH RI WKH EX
W\U\OFKROLQHVWHUDVH LQKLELWRU LVR203$ 3DWLHQW VDPSOHV ZHUH FODVVL¿HG
LQWRWUHDWHGXQWUHDWHGDQGXQWUHDWHGGXULQJSDQLFDWWDFN6WDWLVWLFDODQDO\VLV
LQYROYHG6WXGHQW¶V7WHVW
5HVXOWV 6HUXP$&K( DFWLYLWLHV IURP SHULSKHUDO DUWHU\ VDPSOHV ZHUH DOO
ZLWKLQ WKH UDQJH IRXQG SUHYLRXVO\ IRU WKH86 DQG WKH ,VUDHOL SRSXODWLRQV
%HQ0R\DO6HJDOHWDO%U\NHWDO8QWUHDWHGSDWLHQWVSUHVHQW
HGVLJQL¿FDQWO\ ORZHUDFWLYLWLHVDVFRPSDUHG WRKHDOWK\FRQWUROV S
DQG\HWVLJQL¿FDQWO\ORZHUDFWLYLWLHVDJDLQGXULQJDSDQLFDWWDFNS
0RUHRYHU 665, WUHDWPHQW LQGXFHG D FRQVSLFXRXV LQFUHDVH LQ WKHLU$&K(
DFWLYLWLHVSDVFRPSDUHGWRXQWUHDWHGSDWLHQWVXQGHUDWWDFN3DUDOOHO
\HWOHVVVLJQL¿FDQWHIIHFWVZHUHREVHUYHGLQMXJXODUYHLQDQGFRURQDU\VLQXV
EORRG$OVRWKHUDWLRRIMXJXODUYHLQWRFRURQDU\VLQXV$&K(DFWLYLWLHVZDV
!LQWUHDWHGSDWLHQWVDQGFRQWUROVFORVHWRLQXQWUHDWHGSDWLHQWVDQG
LQXQWUHDWHGSDWLHQWVXQGHUDWWDFNOLNHO\UHÀHFWLQJGLVWLQFWYDULDELOLW\
LQWKHFKDQJHVDFFRPSDQ\LQJFLUFXODWLRQWLPHEHWZHHQKHDOWK\DQGWUHDWHG
SDWLHQWVDVFRPSDUHGWRXQWUHDWHGSDWLHQWV
&RQFOXVLRQV 2XU ¿QGLQJV GHPRQVWUDWH VLJQL¿FDQWO\ UHGXFHG SURGXFWLRQ
DQGRUGHFUHDVHGVWDELOLW\RIVHUXP$&K(OHYHOVLQSDQLFGLVRUGHUSDWLHQWV
XQGHU DWWDFN DQG DQ DSSDUHQW DVVRFLDWLRQ RI 665, WUHDWPHQW ZLWK WKH LQ
GXFWLRQ RI LQFUHDVHV LQ WKHVH DFWLYLWLHV ,PSDLUHG UHJXODWLRQ RI SHULSKHUDO
FKROLQHUJLF VLJQDOLQJ PD\ WKXV EH FDXVDOO\ LQYROYHG LQ WKH LQGXFWLRQ RI
SDQLFDWWDFNVDQGDPLQLPDOO\LQYDVLYHEORRGWHVWDWWHVWLQJWRWKHVXFFHVVIXO
PDQLSXODWLRQRIWKLVUHJXODWLRQPD\VHUYHDVDQRYHOREMHFWLYHPHDVXUHRI
WUHDWPHQWHI¿FDF\
5HIHUHQFHV
6NODQ(+HWDO31$6
%HQ0R\DO6HJDO/HWDO)$6(%-LQSUHVV
%U\N%HWDO-1HXURFKHPLQSUHVV
6
0DMRU'HSUHVVLRQDQG&DUGLDF5LVN8QGHUO\LQJ0HFKDQLVPV
'DYLG%DUWRQ
0RQDVK8QLYHUVLW\DQG%DNHU+HDUW5HVHDUFK,QVWLWXWH$XVWUDOLD
*DYLQ:/DPEHUW'HHSDN+DLNHUZDO7\H'DZRRG
&HOLD5%UHQFKOH\0XUUD\(VOHU
2EMHFWLYHV0DMRU 'HSUHVVLRQ LV DQ LQGHSHQGHQW ULVN IDFWRU IRU GHYHORS
PHQWRIFRURQDU\DUWHU\GLVHDVHDQGLVDVVRFLDWHGZLWKDQLQFUHDVHGPRUWDOLW\
DIWHUDQDFXWHFRURQDU\HYHQW$VGHSUHVVLRQDQGFDUGLRYDVFXODUGLVHDVHDUH
SURMHFWHGWREHWKHWZROHDGLQJFDXVHVRIGLVDELOLW\LQWKHZRUOGE\XQ
GHUVWDQGLQJWKHXQGHUO\LQJPHFKDQLVPVIRUWKLVULVNLVRIVLJQL¿FDQWSXEOLF
KHDOWKLPSRUWDQFH7KHPHFKDQLVPRIWKLVULVNLVXQNQRZQEXWPD\LQYROYH
DXWRQRPLFQHUYRXV V\VWHPG\VIXQFWLRQSODWHOHWK\SHUDFWLYLW\RU LPPXQR
ORJLFDOO\ PHGLDWHG DWKHURJHQHVLV 1HXURWURSKLF IDFWRUV QHFHVVDU\ IRU WKH
VXUYLYDODQGIXQFWLRQRISDUWLFXODUQHXURQVPD\DOVRSOD\DQLPSRUWDQWUROH
%HLQJDEOHWRLGHQWLI\FOLQLFDOO\ZKRPD\EHDW LQFUHDVHGULVNEDVHGXSRQ
WKHOLNHOLKRRGRIWKHH[LVWHQFHRIXQGHUO\LQJSDWKRSK\VLRORJ\ZRXOGEHRI
VLJQL¿FDQWLQWHUHVWFOLQLFDOO\
0HWKRGV 8VLQJ SHUFXWDQHRXVO\ LQVHUWHG FDWKHWHUV FRXSOHG ZLWK QR
UDGUHQDOLQHLVRWRSHGLOXWLRQPHWKRGRORJ\HDFKGHSUHVVLYHVXEMHFWV¶FDUGLDF
DXWRQRPLFIXQFWLRQZDVH[DPLQHG,QSDUDOOHOLQWHUQDOMXJXODUYHQRXVEORRG
ZDVREWDLQHG7KHSDWLHQWVDOOVXIIHUHGIURP'60FULWHULD0DMRUGHSUHV
VLYH'LVRUGHUDQGZHUHRQQRWUHDWPHQWDWEDVHOLQH7KH\ZHUHWKHQWUHDWHG
IRU DSSUR[LPDWHO\  ZHHNV ZLWK DQ 665, DQG WKH LQYHVWLJDWLRQV ZHUH
UHSHDWHG
5HVXOWV6\PSDWKHWLFQHUYRXVV\VWHPDFWLYLW\LVELPRGDOZLWKERWKDEQRU
PDOO\KLJKDQGORZYDOXHV7UHDWPHQWZLWKDQ665,QRUPDOLVHVWKLVDFWLYLW\
7KLVSUHVHQWDWLRQZLOOH[DPLQHWKHFOLQLFDOSLFWXUHRIWKRVHZLWKDEQRUPDO
V\PSDWKHWLFDFWLYLW\5HVROXWLRQFOLQLFDOO\RQ67$,DQG&*, LVDVVRFLDWHG
ZLWKDGHFUHDVHLQHOHYDWHGV\PSDWKHWLFQHUYRXVV\VWHPDFWLYLW\5HVXOWVRI
EUDLQPRQDPLQHWXUQRYHUQHXURWURSKLQUHOHDVHDQGDOWHUDWLRQVLQF\WRNLQH
DFWLYLW\LQERWKEUDLQDQGKHDUWZLOOEHSUHVHQWHG
&RQFOXVLRQV7KHXQGHUVWDQGLQJRIWKHPHFKDQLVPVRILQFUHDVHGFDUGLDFULVN
LVWKH¿UVWVWHSLQDGGUHVVLQJWKLVLPSRUWDQWDUHDRIULVNIRUWKHGHSUHVVHG
+RZ WKH DEQRUPDOLWLHV DUH DVVRFLDWHGZLWKGLIIHUHQW FOLQLFDO SUHVHQWDWLRQV
DQGWKHPRGL¿FDWLRQRIULVNZLWKWUHDWPHQWUHTXLUHVIXUWKHULQYHVWLJDWLRQ
6
7KH1HXURELRORJ\RI&DUGLDF5LVNLQ'HSUHVVLYH,OOQHVV
*DYLQ/DPEHUW
%DNHU+HDUW5HVHDUFK,QVWLWXWH$XVWUDOLD
'DYLG%DUWRQ'HHSDN+DLNHUZDO7\H'DZRRG
2EMHFWLYHV 3DWLHQWV ZLWK GHSUHVVLYH LOOQHVV DUH DW DQ LQFUHDVHG ULVN RI
GHYHORSLQJFRURQDU\KHDUWGLVHDVH7KLVLQFUHDVHLVLQGHSHQGHQWRIFRQYHQ
WLRQDOULVNIDFWRUVVXFKDVKLJKEORRGSUHVVXUHFLJDUHWWHVPRNLQJDQGOLSLG
GLVRUGHUV LQ WHUPVRI LWV LPSDFW7KHPHFKDQLVPRI LQFUHDVHGFDUGLDF ULVN
LQ GHSUHVVLYH LOOQHVV LV XQFHUWDLQ EXW DXWRQRPLF QHUYRXV V\VWHP G\VIXQF
WLRQH[DJJHUDWHGSODWOHWUHDFWLYLW\DQGRUHQKDQFHGLQÀDPPDWRU\PHGLDWHG
DWKHURJHQHVLVDUHOLNHO\WREHRISULPHLPSRUWDQFH
0HWKRGV8VLQJSHUFXWDQHRXVO\LQVHUWHGFDWKHWHUVFRXSOHGZLWKQRUDGUHQD
OLQH LVRWRSH GLOXWLRQ PHWKRGRORJ\ DQG PHDVXUHV RI KHDUW UDWH YDULDELOLW\
DQGEDURUHÀH[IXQFWLRQZHH[DPLQHGWKHDXWRQRPLFIXQFWLRQRI WKHKHDUW
LQSDWLHQWVZLWKPDMRUGHSUHVVLYHGLVRUGHU,QSDUDOOHOZHDVVHVVHGSODWHOHW
UHDFWLYLW\DQGHQGRWKHOLDOIXQFWLRQXVLQJPHDVXUHVRISODVPDSVHOHFWLQDQG
ÀRZPHGLDWHGGLODWDWLRQUHVSHFWLYHO\
5HVXOWV6\PSDWKHWLFQHUYRXVDFWLYLW\LQSDWLHQWVZLWKGHSUHVVLRQIROORZVD
ELPRGDOGLVWULEXWLRQVRPHYDOXHVKLJKVRPHYDOXHVORZ7KHKLJKYDOXHVDUH
DWWKHH[WUHPHOHYHOIRXQGLQSDWLHQWVZLWKKHDUWIDLOXUH)ROORZLQJWKHUDS\
ZLWK DQ665, DXWRQRPLF IXQFWLRQ LVPRGL¿HG YDJDO DFWLYLW\ VLJQL¿FDQWO\
GLPLQLVKHGKHDUWUDWHYDULDELOLW\UHGXFHGDQGFDUGLDFDQGZKROHERG\V\P
SDWKHWLF DFWLYLW\ DWWHQXDWHG &RQVLVWHQW ZLWK D GHIHFW LQ WKH HI¿FLHQF\ RI
QRUDGUHQDOLQH UHXSWDNH WKHFDUGLDFH[WUDFWLRQRI WULWLDWHGQRUDGUHQDOLQH LV
VLJQL¿FDQWO\ UHGXFHG LQ SDWLHQWV ZLWK GHSUHVVLRQ &DUGLDF QRUDGUHQDOLQH
H[WUDFWLRQ LV QRW PRGL¿HG E\ 665, WKHUDS\ 3ODVPD SVHOHFWLQ OHYHOV DUH
QRW VLJQL¿FDQWO\ HOHYDWHG LQ SDWLHQWV QRU DUH WKH\ PRGL¿HG E\ WKHUDS\
(QGRWKHOLDOIXQFWLRQLVPRGL¿HGLQDPDQQHUOLNHO\WRLQFUHDVHFDUGLDFULVN
IROORZLQJWKHUDS\
&RQFOXVLRQV 2XU VWXGLHV FRQ¿UP WKDW V\PSDWKHWLF QHUYRXV DFWLYLW\ LV
!.8)%49¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
HOHYDWHG LQ VRPHSDWLHQWVZLWKPDMRU GHSUHVVLYH GLVRUGHU DQG LVPRGL¿HG
IROORZLQJ 665, WKHUDS\0RUHRYHU WKH VORSH RI WKH FDUGLDF EDURUHÀH[ LV
VLJQL¿FDQWO\UHGXFHGIROORZLQJWUHDWPHQW$UWHULDOEDURUHÀH[G\VIXQFWLRQLV
GLUHFWO\OLQNHGWRLQFLGHQFHUDWHVIRUDFXWHFDUGLDFHYHQWVLQFRQGLWLRQVVXFK
DVK\SHUWHQVLRQGLDEHWHVDQGP\RFDUGLDOLQIDUFWLRQ7KHFOLQLFDOUHOHYDQFH
RI WKHVH REVHUYDWLRQV LQ WKH VHWWLQJ RI GHSUHVVLYH LOOQHVV UHTXLUHV IXUWKHU
LQYHVWLJDWLRQ
6
3DQLF'LVRUGHUDQG3UHPHQVWUXDO6\QGURPH,QYROYHPHQW
RI*$%$$5HFHSWRUVLQ3DWKRSK\VLRORJ\DQG7UHDWPHQW
6
1HXURDFWLYH6WHURLGVDQG,QKLELWRU\1HXURWUDQVPLVVLRQ
-HUHP\-/DPEHUW
1HXURVFLHQFHV,QVWLWXWH'LYLVLRQRI3DWKRORJ\DQG1HXURVFLHQFH
8QLYHUVLW\RI'XQGHH1LQHZHOOV+RVSLWDODQG0HGLFDO6FKRRO
1LQHZHOOV+RVSLWDO'XQGHH''6<8.
'HOLD%HOHOOL$XGUH\:9DUG\0XUUD\%+HUG
(OL]DEHWK$0LWFKHOO'LDQQH53HGHQ
'\VIXQFWLRQ RI *$%$$ UHFHSWRUPHGLDWHG LQKLELWLRQ LV LPSOLFDWHG LQ D
QXPEHURIQHXURORJLFDO DQGSV\FKLDWULF FRQGLWLRQV LQFOXGLQJHSLOHSV\DQG
DIIHFWLYHGLVRUGHUV,QWHUHVWLQJO\VRPHRIWKHVHFRQGLWLRQVKDYHEHHQDVVRFL
DWHGZLWKDEQRUPDOOHYHOVRIFHUWDLQHQGRJHQRXVO\RFFXUULQJQHXURVWHURLGV
ZKLFK SRWHQWO\ DQG VHOHFWLYHO\ HQKDQFH WKH IXQFWLRQ RI WKH EUDLQV¶PDMRU
LQKLELWRU\ UHFHSWRU WKH *$%$$ UHFHSWRU &RQVLVWHQW ZLWK WKHLU DELOLW\ WR
HQKDQFHQHXURQDO LQKLELWLRQ VXFK VWHURLGV H[KLELW LQ DQLPDOV DQGKXPDQV
DQ[LRO\WLF DQWLFRQYXOVDQW DQG DQDHVWKHWLF DFWLRQV1HXURVWHURLGV W\SL¿HG
E\WKHSRWHQWSURJHVWHURQHPHWDEROLWHDOORSUHJQDQRORQHFDQEHV\QWKHVLVHG
GHQRYRLQWKH&16ERWKLQQHXURQHVDQGJOLDLQOHYHOVVXI¿FLHQWWRPRGXODWH
*$%$$ UHFHSWRU IXQFWLRQ$GGLWLRQDOO\ QHXURVWHURLG OHYHOV DUH QRW VWDWLF
EXWDUHVXEMHFWWRG\QDPLFFKDQJHVIRUH[DPSOHGXULQJVWUHVVRUWKHODWHU
VWDJHRISUHJQDQF\7KHVHREVHUYDWLRQVVXJJHVWWKDWWKHVHHQGRJHQRXVPRG
XODWRUVPD\UH¿QHWKHIXQFWLRQRIWKHEUDLQV¶PDMRULQKLELWRU\UHFHSWRUDQG
WKXVSOD\DQLPSRUWDQWSK\VLRORJLFDODQGSDWKRSK\VLRORJLFDOUROH+RZHYHU
JLYHQWKHXELTXLWRXVH[SUHVVLRQRI*$%$$UHFHSWRUVWKURXJKRXWWKHPDP
PDOLDQ&16LWPLJKWEHSUHGLFWHGWKDWVXFKFKDQJHVLQQHXURVWHURLGOHYHOV
ZRXOGEHZLGHO\H[SHULHQFHGFDXVLQJDJHQHUDOLVHGHQKDQFHPHQWRIQHX
URQDOLQKLELWLRQ6XFKDQRQVSHFL¿FDFWLRQZRXOGVHHPLQFRPSDWLEOHZLWK
DSK\VLRORJLFDOUROH+RZHYHU WKHDFWLRQVRIQHXURVWHURLGVDUHUHJLRQDQG
QHXURQHVHOHFWLYHDVSHFL¿FLW\LQÀXHQFHGE\UHFHSWRUVXEXQLWFRPSRVLWLRQ
ORFDOVWHURLGPHWDEROLVPDQGSKRVSKRU\ODWLRQ7KHUHODWLYHFRQWULEXWLRQRI
WKHVHPHFKDQLVPVWRQHXURQDOVSHFL¿FLW\ZLOOEHGLVFXVVHG
$FNQRZOHGJPHQWV 6XSSRUWHG E\ WKH05& %%65& 7HQRYXV 6FRWODQG
7KH(SLOHSV\5HVHDUFK )RXQGDWLRQ DQG WKH&RPPLVVLRQ RI WKH (XURSHDQ
&RPPXQLWLHV57'SURJUDPPH³4XDOLW\RI/LIHDQG0DQDJHPHQWRI/LYLQJ
5HVRXUFHV´4/.&7
6
1HXURVWHURLGVDQG*$%$$5HFHSWRU3ODVWLFLW\
*LRYDQQL%LJJLR
&HQWHURI([FHOOHQFHIRU1HXURELRORJ\RI'HSHQGHQFH8QLYHUVLW\
RI&DJOLDUL&DJOLDUL,WDO\
$OHVVDQGUD&RQFDV
2EMHFWLYHV7KHFRQFHQWUDWLRQVRIWKHQHXURDFWLYHVWHURLGVDOORSUHJQDQRORQH
DQG7+'2&DUHPRGL¿HGLQWKHEUDLQDQGSODVPDRIDQLPDOVRUKXPDQVERWK
LQ UHVSRQVH WR WUHDWPHQWZLWK DQ[LRJHQLF DQWLGHSUHVVDQW RU DQWLSV\FKRWLF
GUXJVDVZHOODV LQSK\VLRORJLFDO WKH OXWHDOSKDVHRI WKHPHQVWUXDOF\FOH
SUHJQDQF\ RU SDWKRORJLFDO FRQGLWLRQV SUHPHQVWUXDO V\QGURPH GHSUHV
VLRQDQGSDQLFGLVRUGHV WKDWDIIHFWPRRGDQGHPRWLRQDO VWDWH*LYHQ WKDW
WKHVHVWHURLGVDUHSRWHQWHQGRJHQRXVPRGXODWRUVRIWKHDFWLYLW\RI*$%$$
UHFHSWRUVWKHÀXFWXDWLRQVLQWKHEUDLQFRQFHQWUDWLRQVRIQHXURDFWLYHVWHURLGV
DVVRFLDWHGZLWK WKHVH FRQGLWLRQVPD\ SOD\ DPDMRU UROH LQ WKH SDWWHUQ RI
H[SUHVVLRQRIGLIIHUHQWVXEXQLWVRIWKH*$%$$UHFHSWRU
0HWKRGV+3/&DQG5,$IRUSXUL¿FDWLRQDQGTXDQWLWDWLYHGHWHUPLQDWLRQRI
QHXURVWHURLGVFRQFHQWUDWLRQLQEUDLQDQGSODVPDDQG51DVHSURWHFWLRQDVVD\
WHFKQLTXHIRUGHWHUPLQDWLRQRIPHVVHQJHU51$HQFRGLQJ*$%$$UHFHSWRU
VXEXQLWVZHUHXVHG
5HVXOWV 5DSLG DQG ORQJODVWLQJ LQFUHDVH RU GHFUHDVH LQ WKH LQ YLYR FRQ
FHQWUDWLRQVRI WKHVHVWHURLGVGHULYDWLYHVDVVRFLDWHGZLWKSUHJQDQF\HSRVW
SDUWXP RU SKDUPDFRORJLFDO WUHDWPHQWV LQFOXGLQJ DOFRKRO GHSHQGHQFH DQG
ZLWKGUDZDOHOLFLWVHOHFWLYHFKDQJHVLQ*$%$$UHFHSWRUVXEXQLWH[SUHVVLRQ
DQGIXQFWLRQLQVSHFL¿FQHXURQDOSRSXODWLRQRIGLIIHUHQWEUDLQDUHDV
&RQFOXVLRQV7KH HOXFLGDWLRQRI WKH UROHRI*$%$$ UHFHSWRU VXEW\SHV LQ
VSHFL¿FQHXURQDOFLUFXLWVZLOOUHSUHVHQWDPDMRUDGYDQFHIRUXQGHUVWDQGLQJ
WKHSDWKRSK\VLRORJ\RIQHXURORJLFDODQGSV\FKLDWULFGLVRUGHUDQGIRUGHVLJQ
LQJQRYHOWKHUDSHXWLFVWUDWHJLHV
6
1HXURVWHURLGVLQ30''(DUO\(IIHFWRI)OXR[HWLQH
$QGUHD5DSNLQ
'DYLG*HIIHQ6FKRRORI0HGLFLQHDW8&/$86$
0HOLQGD0RUJDQ$OHVVDQGUD&RQFDV*LRYDQQL%LJJLR
2EMHFWLYHV3UHPHQVWUXDOG\VSKRULFGLVRUGHU30''LVDSV\FKRQHXURHQ
GRFULQH GLVRUGHU DVVRFLDWHG ZLWK WR DEHUUDWLRQV LQ ERWK VHURWRQHUJLF DQG
*$%$HUJLF IXQFWLRQLQJ 1XPHURXV VWXGLHV KDYH GHPRQVWUDWHG VHOHFWLYH
VHURWRQHUJLF UHXSWDNH LQKLELWRUV 665,V WR EH HIIHFWLYH IRU WKH WUHDWPHQW
RI 30'' 7KH UDSLG LPSURYHPHQW LQ V\PSWRPDWRORJ\ KDV OHDG WR WKH
UHFRPPHQGDWLRQ RI F\FOLF OXWHDO SKDVH WUHDWPHQWZLWK 665,V:H HOHFWHG
WRGHWHUPLQHZKHWKHUVKRUWWHUPH[SRVXUHWRÀXR[HWLQHZDVDVVRFLDWHGZLWK
DQLQFUHDVH LQQHXURVWHURLGV LQZRPHQZLWK30''DQGZKHWKHU WKHHDUO\
LPSURYHPHQWLQPRRGFRUUHODWHGZLWKLQFUHDVHGQHXURVWHURLGV
0HWKRGV (LJKW ZRPHQ ZLWK SURVSHFWLYHO\ GRFXPHQWHG 30'' DQG 
DJHPDWFKHGFRQWUROVZHUHLQDUDQGRPL]HGIDVKLRQJLYHQHLWKHUPJRI
ÀXR[HWLQHRUSODFHERIURPWKHRQVHWRIPHGF\FOH/+VXUJHXQWLOPHQVHVIRU
RQHF\FOHHDFK6HUXPZDVVDPSOHGLQWKHHDUO\PLGDQGODWHOXWHDOSKDVHV
WKURXJK VXFFHVVLYH WUHDWPHQW F\FOHV&6)ZDV DOVRREWDLQHG LQ ODWH OXWHDO
SKDVHRQO\7KH(QGLFRWW'DLO\5DWLQJVIRUPZDVXWLOL]HGWRHYDOXDWHPRRG
V\PSWRPV 1HXURVWHURLG DOORSUHJQDQRORQH WHWUDK\GUR[\FRUWLFDO VWHURQH
DQGSUHFXUVRUVSURJHVWHURQHDQGSUHJQHQRORQHZHUHDVVHVVHGDIWHUH[SR
VXUHWR)OXR[HWLQHRUSODFHERLQ30''DQGFRQWUROV1HXURVWHULRGVZLOOEH
FRUUHODWHGZLWKGLDU\PRRGV\PSWRPV
&RQFOXVLRQV:H HOHFWHG WR GHWHUPLQHZKHWKHU WKH UDSLG LPSURYHPHQW LQ
PRRGRIZRPHQH[SRVHGWROXWHDOSKDVHÀXR[HWLQHZDVDVVRFLDWHGZLWKDQ
HDUO\ LQFUHDVH LQ FLUFXODWLQJ QHXURVWHURLGV:HZLOO DOVR GHWHUPLQH VHUXP
DQG&6)FRQFHQWUDWLRQVDUHFRUUHODWHG
5HIHUHQFHV
)UHHPDQ(:/XWHDOSKDVHDGPLQLVWUDWLRQRIDJHQWVIRUWKHWUHDWPHQW
RISUHPHQVWUXDOG\VSKRULFGLVRUGHU&16'UXJV
*XLGRWWL$&RVWD(&DQWKHDQWLG\VSKRULFDQGDQ[LRO\WLFSUR¿OHVRI
VHOHFWLYHVHURWRQLQUHXSWDNHLQKLELWRUVEHUHODWHGWRWKHLUDELOLW\WRLQFUHDVH
EUDLQDOSKDDOSKDWHWUDK\GURSURJHVWHURQHDOORSUHJQDQRORQHDYDLODELO
LW\"%LRO3V\FKLDWU\1RY
6
0RGXODWLRQRI*$%$$5HFHSWRUVDV1RYHO6WUDWHJLHVIRUWKH
7UHDWPHQWRI3DQLF'LVRUGHU
5DLQHU5XSSUHFKW
'HSDUWPHQWRI3V\FKLDWU\/XGZLJ0D[LPLOLDQ8QLYHUVLW\0XQLFK
0XQLFK*HUPDQ\
3=ZDQ]JHU'(VHU7%DJKDL&6FKOH(5RPHR
$LPV*$%$$UHFHSWRUVFRQVLVWRIDYDULHW\RIVXEXQLWVWKDWIRUPDOLJDQG
JDWHGFKORULGHFKDQQHO$YDULHW\RIGLIIHUHQWFODVVHVRIGUXJVWDUJHW*$%$$
UHFHSWRUV ,Q RUGHU WR HYDOXDWH QHZ SXWDWLYH WUHDWPHQW RSWLRQV WDUJHWLQJ
*$%$$ UHFHSWRUV LQ WKH WUHDWPHQW RI SDQLF GLVRUGHU ZH LQYHVWLJDWHG WKH
LPSDFW RI *$%$HUJLF QHXURDFWLYH VWHURLGV DQG RI FRPSRXQGV LQGLUHFWO\
WDUJHWLQJWKH*$%$ELQGLQJVLWHRQDQ[LHW\SDUDGLJPVLQKHDOWK\YROXQWHHUV
DQGSDWLHQWVZLWKSDQLFGLVRUGHU
0HWKRGV:H TXDQWL¿HG D VHULHV RI QHXURDFWLYH VWHURLGV DW EDVHOLQH DQG
GXULQJ H[SHULPHQWDOO\ LQGXFHG DQ[LHW\ ERWK LQ KHDOWK\ YROXQWHHUV DQG
SDWLHQWV ZLWK SDQLF GLVRUGHU E\ PHDQV RI D KLJKO\ VHQVLWLYH DQG VSHFL¿F
JDV FKURPDWRJUDSK\PDVV VSHFWURPHWU\ DQDO\VLV 0RUHRYHU ZH DVVHVVHG
WKH LPSDFW RI VHOHFWLYH *$%$HUJLF WUHDWPHQW RQ H[SHULPHQWDOO\ LQGXFHG
!.8)%49¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
DQ[LHW\LQKHDOWK\YROXQWHHUV
5HVXOWV :KLOH FRQFHQWUDWLRQV RI *$%$HUJLF QHXURDFWLYH VWHURLGV GLG
QRW FKDQJH GXULQJ H[SHULPHQWDOO\ LQGXFHG DQ[LHW\ LQ KHDOWK\ YROXQWHHUV
WKHUHZDVSURQRXQFHGGHFOLQHRI*$%$DJRQLVWLFVWHURLGVLQSDWLHQWVZLWK
SDQLFGLVRUGHUZKLFKPLJKW FRQWULEXWH WR WKHRFFXUUHQFHRISDQLF DWWDFNV
*$%$HUJLFWUHDWPHQWZLWKYLJDEDWULQRUWLDJDELQHWXUQHGRXWWRDPHOLRUDWH
H[SHULPHQWDOO\LQGXFHGDQ[LHW\LQKXPDQV
&RQFOXVLRQV'UXJVWDUJHWLQJVLWHVGLIIHUHQWIURPWKHEHQ]RGLD]HSLQHVLWHRI
*$%$$UHFHSWRUVPLJKWUHSUHVHQWDSURPLVLQJVWUDWHJ\IRUWKHWUHDWPHQWRI
DQ[LHW\GLVRUGHUVVXFKDVSDQLFGLVRUGHU
6
$OWHUHG*$%$HUJLF)XQFWLRQLQ3UHPHQVWUXDO'\VSKRULF
'LVRUGHU
1HLOO(SSHUVRQ
86$
2EMHFWLYHV 7KHUH LV JURZLQJ HYLGHQFH WKDW JDPPDDPLQREXW\ULF DFLG
*$%$LVLQYROYHGLQWKHSDWKRJHQHVLVDQGWUHDWPHQWRISUHPHQVWUXDOG\V
SKRULF GLVRUGHU 30'' 8VLQJ SURWRQPDJQHWLF UHVRQDQFH VSHFWURVFRS\
+056 RXU JURXS KDV IRXQG WKDWZRPHQZLWK 30''KDYH DEQRUPDO
FHQWUDO*$%$HUJLFUHJXODWLRQ LQUHVSRQVH WRPHQVWUXDOF\FOHUHODWHGÀXF
WXDWLRQVLQQHXURDFWLYHVWHURLGV&RUWLFDO*$%$FRQFHQWUDWLRQVÀXFWXDWH
DFURVV WKHPHQVWUXDOF\FOH LQDGLDJQRVLVDQGSKDVHVSHFL¿FIDVKLRQZLWK
WKHJUHDWHVWGLVSDULW\ LQFRUWLFDO*$%$ OHYHOVGXULQJ WKH IROOLFXODUSKDVH
ZKHQZRPHQZLWK30''KDGVLJQL¿FDQWO\ORZHUFRUWLFDO*$%$OHYHOVWKDQ
KHDOWK\PHQVWUXDWLQJFRQWUROV:KLOH30''LVSUHIHUHQWLDOO\UHVSRQVLYHWR
WUHDWPHQWZLWKVHOHFWLYHVHURWRQLQUHXSWDNHLQKLELWRUV665, LW LVXQFOHDU
ZKHWKHU LQKLELWLRQ RI VHURWRQLQ UHXSWDNH RU DOWHUQDWLYHO\ PRGXODWLRQ RI
*$%$HUJLFIXQFWLRQLVFUXFLDO LQ WKHWKHUDSHXWLFDFWLRQRI WKHVHDJHQWV LQ
WKH WUHDWPHQWRI30''7KXVZHKDYHHPSOR\HG +056 WHFKQLTXHV WR
PHDVXUHRFFLSLWDOFRUWH[*$%$OHYHOVLQZRPHQZLWK30''SULRUWRDQG
GXULQJWUHDWPHQWZLWKWKH665,ÀXR[HWLQH
0HWKRGV (LJKW ZRPHQ ZLWK SURVSHFWLYHO\ GLDJQRVHG 30'' PHDQ DJH
 \UV XQGHUZHQW +056 PHDVXUHPHQW RI RFFLSLWDO FRUWH[ *$%$
FRQFHQWUDWLRQV XVLQJ D 7HVODPDJQHWZLWK DQ FP VXUIDFH FRLO 6FDQV
ZHUHFRQGXFWHGGXULQJWKHIROOLFXODUDQGPLGOXWHDOSKDVHVRIWKHPHQVWUXDO
F\FOH ERWK EHIRUH DQG DIWHU ÀXR[HWLQH PJG WUHDWPHQW IRU PRQWKV
%ORRGZDV WDNHQ IRU VH[KRUPRQHDQGQHXURVWHURLGPHDVXUHPHQWRQHDFK
VFDQGD\
5HVXOWV7UHDWPHQWZLWKÀXR[HWLQHUHVXOWHGLQDQLQFUHDVHLQFRUWLFDO*$%$
OHYHOVH[SUHVVHGLQPPROHVNJEUDLQGXULQJWKHIROOLFXODUSKDVH
WR  DQG D UHGXFWLRQ LQ FRUWLFDO *$%$ OHYHOV GXULQJ WKH OXWHDO
SKDVHWR7KXVVXFFHVVIXOWUHDWPHQWZLWKÀXR[HWLQH
ZDVDVVRFLDWHGZLWKDVZLWFKLQWKHSDWWHUQRIF\FOLFÀXFWXDWLRQVVXFKWKDW
WKHGLUHFWLRQRIFKDQJHLQ*$%$IURPWKHIROOLFXODUSKDVHWROXWHDOSKDVHLV
VLPLODUWRWKDWVHHQLQRXUKHDOWK\FRQWUROVDVSUHYLRXVO\UHSRUWHG
&RQFOXVLRQV7KHVH¿QGLQJVVXJJHVW WKDW665, WUHDWPHQW IRU30''PD\
H[HUW LWVFOLQLFDOHIIHFWVDOEHLW LQSDUW WKURXJKPRGXODWLRQRI*$%$HUJLF
IXQFWLRQ
5HIHUHQFHV
(SSHUVRQ&1HW DO &RUWLFDO \DPLQREXW\ULF DFLG OHYHOV DFURVV WKH
PHQVWUXDOF\FOH LQKHDOWK\ZRPHQDQG WKRVHZLWKSUHPHQVWUXDOG\VSKRULF
GLVRUGHU$+056VWXG\$UFK*HQ3V\FKLDWU\
6
376'1RYHO3HUVSHFWLYHVLQ9XOQHUDELOLW\DQG7UHDWPHQW
6
5LVN)DFWRUVLQWKH'HYHORSPHQWDQG0DLQWHQDQFHRI376'
3DXOD36FKQXUU
'HSDUWPHQWRI9HWHUDQV$IIDLUV1DWLRQDO&HQWHUIRU376'DQG
'DUWPRXWK0HGLFDO6FKRRO86$
&DUROH$/XQQH\$QMDQD6HQJXSWD
2EMHFWLYHV5LVNRIGHYHORSLQJ376'YDULHVZLWKPDQ\SUHWUDXPDWLFSHUL
WUDXPDWLFDQGSRVWWUDXPDWLFIDFWRUV5LVNRIFKURQLF376'DVUHÀHFWHGE\
DGLDJQRVLVRIFXUUHQW376'DPRQJ LQGLYLGXDOVZKRVHH[SRVXUHRFFXUUHG
PDQ\\HDUVSULRUDOVR LV UHODWHG WRPDQ\RI WKHVDPHULVNIDFWRUV<HWZH
NQRZOLWWOHDERXWZKLFKIDFWRUVDUHDVVRFLDWHGZLWKWKHGHYHORSPHQWYVWKH
PDLQWHQDQFHRI376'7KLVWDONZLOOXVHDVWXG\RI$PHULFDQ9LHWQDPYHW
HUDQVWRLOOXVWUDWHUHOHYDQWFRQFHSWXDODQGGHVLJQLVVXHVDQGSUHVHQWDQRYHO
VWDWLVWLFDOPHWKRGIRUDGGUHVVLQJWKHTXHVWLRQ,QWKHVWXG\WRLGHQWLI\ULVN
IDFWRUVIRUWKHGHYHORSPHQWRI376'ZHFRPSDUHGLQGLYLGXDOVZKRQHYHU
KDG376'ZLWKWKRVHZKRKDGOLIHWLPH376'7RLGHQWLI\ULVNIDFWRUVIRUWKH
PDLQWHQDQFHRI376'ZHFRPSDUHGLQGLYLGXDOVZKRKDG376'LQWKHSDVW
RQO\ZLWKWKRVHZKRKDGFXUUHQW376':HDOVRWHVWHGZKHWKHUWKHHIIHFWVRI
ULVNIDFWRUVRQWKHVHWZRRXWFRPHVGLIIHUHG
0HWKRGV3DUWLFLSDQWVZHUHIHPDOHDQGPDOH9LHWQDPYHWHUDQVZKR
XQGHUZHQWDVWUXFWXUHGFOLQLFDOLQWHUYLHZDQGRWKHUVWDQGDUGL]HGDVVHVVPHQWV
LQRQHRIWZRODUJHHSLGHPLRORJLFDOVWXGLHV)ULHGPDQHWDO.XONDHW
DO376'ZDVDVVHVVHGXVLQJ WKH6WUXFWXUHG&OLQLFDO ,QWHUYLHZIRU
'60,,,57R LQFUHDVH VWDWLVWLFDO SRZHU IXOO DQG SDUWLDO GLDJQRVHVZHUH
FRPELQHGWRFUHDWHDVLQJOHRXWFRPHPHDVXUHFRGHGQHYHU376'
SDVW RQO\ 376'  DQG FXUUHQW 376'  &RQWLQXDWLRQ UDWLR
ORJLVWLFUHJUHVVLRQZDVXVHGWRDOORZVWDWLVWLFDOFRPSDULVRQRIULVNIDFWRUV
IRUGHYHORSLQJ376'QHYHUYVHYHUYHUVXVLWVPDLQWHQDQFHSDVWRQO\YV
FXUUHQW
5HVXOWV 7KH GHYHORSPHQW RI 376' ZDV DVVRFLDWHG ZLWK QXPHURXV SUH
PLOLWDU\PLOLWDU\DQGSRVWPLOLWDU\IDFWRUV7KHPDLQWHQDQFHRI376'ZDV
DVVRFLDWHGZLWKIHZHUULVNIDFWRUVYLUWXDOO\DOORIZKLFKZHUHHLWKHUPLOLWDU\
RU SRVWPLOLWDU\ 7KHUH ZHUH VWDWLVWLFDOO\ VLJQL¿FDQW GLIIHUHQFHV EHWZHHQ
VRPHULVNIDFWRUVLQWHUPVRIWKHLUUHODWLRQVKLSZLWKWKHWZRRXWFRPHV2QH
ULVNIDFWRUZDVDVVRFLDWHGRQO\ZLWKPDLQWHQDQFHVHYHUDOZHUHDVVRFLDWHG
RQO\GHYHORSPHQWDQGRWKHUVZHUHDVVRFLDWHGZLWKERWKRXWFRPHVEXWKDGD
ODUJHUHIIHFWRQGHYHORSPHQWWKDQRQPDLQWHQDQFH
&RQFOXVLRQV2XU¿QGLQJVGHPRQVWUDWHWKHLPSRUWDQFHRIFDUHIXOO\GH¿QLQJ
WKHRXWFRPHEHLQJSUHGLFWHG LQVWXGLHVRI ULVN IRU376'7KH IDFWRUV WKDW
OHDGWRWKHGHYHORSPHQWRI376'PD\QRWEHWKHVDPHDVWKHIDFWRUVWKDWOHDG
WRLWVPDLQWHQDQFH,GHQWLI\LQJZKRZLOOGHYHORS376'LVDQLPSRUWDQWVWHS
LQLQWHUYHQWLRQ,GHQWLI\LQJZKRLVXQOLNHO\WRUHFRYHUPD\IXUWKHULQWHUYHQ
WLRQHIIRUWVDQGKHOSPLQLPL]HWKHFKURQLFLW\RI376'LQWUDXPDVXUYLYRUV
5HIHUHQFHV
)ULHGPDQ0-$VKFUDIW0/%HDOV-/HWDO0DWVXQDJD9LHWQDP9HWHU
DQV3URMHFW9$1DWLRQDO&HQWHUIRU376':KLWH5LYHU-XQFWLRQ97
.XOND56FKOHQJHU:()DLUEDQN-$HWDO7UDXPDDQGWKH9LHWQDP
:DUJHQHUDWLRQ%UXQQHU0D]HO1HZ<RUN
6
3UHGLFWRUVRI376'DQG&RPRUELG3V\FKRSDWKRORJ\LQ
&KLOGUHQ
-RDQ.DXIPDQ
<DOH8QLYHUVLW\86$
%DR=KX<DQJ+HDWKHU'RXJODV3DOXPEHUL-RKQ+.U\VWDO
-RHO*HOHUQWHU
2EMHFWLYHV:KLOH QRW DOO DEXVHG FKLOGUHQ GHYHORS GLI¿FXOWLHV .HQGDOO
7DFNHWWHWDOPDQ\H[SHULHQFHDFKURQLFFRXUVHRISV\FKRSDWKRORJ\
ZLWK376'RQHRIWKHPRVWFRPPRQSV\FKLDWULFVHTXHODHRIFKLOGPDOWUHDW
PHQW3HUU\HWDO3\QRRVHWDO
0HWKRGV 7KH VDPSOH LQFOXGHG  FKLOGUHQ  PDOWUHDWHG FKLOGUHQ
UHPRYHG IURP WKHLU KRPHV LQ WKH VL[PRQWKV SULRU WR VWXG\ HQWU\ GXH WR
VXEVWDQWLDWHG UHSRUWV RI DEXVH DQGRU QHJOHFW DQG  FRPPXQLW\FRQWURO
FKLOGUHQ ZLWK QR KLVWRU\ RI PDOWUHDWPHQW RU GRPHVWLF YLROHQFH H[SRVXUH
6XEMHFWVZHUH WR\HDUVRIDJHPHDQDJH DQGSDUWLFLSDQWV
ZHUHSDUWRIDODUJHUVWXG\H[DPLQLQJWKHHI¿FDF\RIDQLQWHUYHQWLRQIRUFKLO
GUHQZKRHQWHURXWRIKRPHFDUHGHYHORSHGE\WKHWKH6WDWHRI&RQQHFWLFXW
&RPSUHKHQVLYHFOLQLFDODVVHVVPHQWVZHUHFROOHFWHGDWEDVHOLQHDQGRQHDQG
WZR\HDUIROORZXS%XFFDOFHOO'1$VSHFLPHQVZHUHREWDLQHGDQGVHYHUDO
FDQGLGDWHORFLJHQRW\SHG
5HVXOWV 9DULDWLRQ LQ WKH VHURWRQLQ +7% UHFHSWRU JHQH SUHGLFWHG WKH
GHYHORSPHQWRI376' LQ WKHPDOWUHDWHG FKLOGUHQ ULVN IRU GHSUHVVLRQZDV
PRGHUDWHGE\WKHVHURWRQLQWUDQVSRUWHUJHQHSURPRWHUSRO\PRUSKLVP+7
7/35DQGWKHJHQHHQFRGLQJWKHJDPPDDPLQREXW\ULFDFLG*$%$D
UHFHSWRU VXEXQLW *$%5$SUHGLFWHG HDUO\ DOFRKROXVH0DOQ HIIHFWV IRU
PDOWUHDWPHQWDQGPDOWUHDWPHQW[JHQRW\SHLQWHUDFWLRQVZHUHGHPRQVWUDWHG
ZLWKVRFLDOVXSSRUWVIRXQGWRIXUWKHUPRGHUDWHULVNIRUGHSUHVVLRQDQGRWKHU
RXWFRPHVH[DPLQHGLQWKHODUJHUVWXG\
&RQFOXVLRQV 5LVN IRU QHJDWLYH RXWFRPHV LQ PDOWUHDWHG FKLOGUHQ PD\ EH
!.8)%49¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
PRGL¿HGE\ERWK JHQHWLF DQG HQYLURQPHQWDO IDFWRUVZLWK WKH TXDOLW\ DQG
DYDLODELOLW\RIVRFLDOVXSSRUWVRQHRIWKHPRVWLPSRUWDQWHQYLURQPHQWDOIDF
WRUVLQSURPRWLQJUHVLOLHQF\LQPDOWUHDWHGFKLOGUHQHYHQLQWKHFRQWH[WRI
DJHQRW\SHH[SHFWHGWRSUHGLVSRVHWRSV\FKRSDWKRORJ\
5HIHUHQFHV
.HQGDOO7DFNHWW.$:LOOLDPV/0)LQNHOKRU' ,PSDFWRI VH[XDO
DEXVHRQFKLOGUHQDUHYLHZDQGV\QWKHVLVRIUHFHQWHPSLULFDOVWXGLHV3V\
FKRO%XOO
3HUU\ %' 3ROODUG 3 %ODNH\7 %DNHU:9LJLODQWH'  &KLOGKRRG
7UDXPDWKH1HXURELRORJ\RI$GDSWLRQDQGÄ8VH'HSHQGHQW³'HYHORSPHQW
RIWKH%UDLQ+RZÄ6WDWHV³%HFRPHÄ7UDLWV³,PSDFW0HQWDO+HDOWK,QIDQW
0HQWDO+HDOWK-RXUQDO
3\QRRV 5 6WHLQEHUJ $ :UDLWK 5  $ GHYHORSPHQWDO PRGHO RI
FKLOGKRRGWUDXPDWLFVWUHVV,Q&LFFKHWWL'&RKHQ'HGV'HYHORSPHQWDO
3V\FKRSDWKRORJ\5LVN'LVRUGHU DQG$GDSWDWLRQ9RO1HZ<RUN -RKQ
:LOH\	6RQVSS
6
0RQRDPLQHUJLF0HFKDQLVPVLQ376'
6WHYHQ6RXWKZLFN
86$
1RUHSLQHSKULQH DSSHDUV WR SOD\ DQ LPSRUWDQW UROH LQ RULHQWLQJ EHKDYLRUV
VHOHFWLYH DWWHQWLRQ YLJLODQFH DQG FDUGLRYDVFXODU UHVSRQVHV WR WKUHDWHQLQJ
HYHQWV 1RUHSLQHSKULQH DOVR LV FULWLFDOO\ LQYROYHG LQ WKH HQFRGLQJ DQG
FRQVROLGDWLRQRI HPRWLRQDOPHPRULHV3V\FKRSK\VLRORJLFDO KRXUXULQH
H[FUHWLRQ SODVPD UHFHSWRU ELQGLQJ ,9 FKDOOHQJH EUDLQ LPDJLQJ DQG
SV\FKRSKDUPDFRORJLFDO VWXGLHV KDYH DOO SURYLGHG HYLGHQFH IRU G\VUHJXOD
WLRQ RI QRUDGUHQHUJLF V\VWHPV LQ LQGLYLGXDOV ZLWK FKURQLF SRVWWUDXPDWLF
VWUHVVGLVRUGHU7KLVSUHVHQWDWLRQZLOOSURYLGHDEULHIUHYLHZRIWKHFOLQLFDO
QHXURELRORJLFDOOLWHUDWXUHUHODWHGWRQRUDGUHQHUJLFG\VUHJXODWLRQLQYHWHUDQ
DQGFLYLOLDQ WUDXPDVXUYLYRUVZLWK376'3RWHQWLDOFOLQLFDODQG WUHDWPHQW
LPSOLFDWLRQVZLOOEHGLVFXVVHG
6
3RVLWURQHPLVVLRQWRPRJUDSK\3(7
-DPHV)URVW
86$
3RVLWURQHPLVVLRQWRPRJUDSK\3(7LVDPROHFXODULPDJLQJPHWKRGZKLFK
FDQEHXVHGWRLPDJHDQGTXDQWLI\RSLRLGUHFHSWRUVLQWKHKXPDQEUDLQ0X
RSLRLG UHFHSWRUV FDQ EH LPDJHG XVLQJ & FDUIHQWDQLO DQG GHOWD RSLRLG
UHFHSWRUVFDQEH LPDJHGZLWK&1PHWK\OQDOWULQGROH3(7LPDJLQJRI
RSLRLGUHFHSWRUVKDVEHHQDSSOLHGWRVHYHUDODGGLFWLYHGLVRUGHUVLQFOXGLQJ
FRFDLQHDEXVHDOFRKROGHSHQGHQFHDQGPRVWUHFHQWO\EXOLPLDQHUYRVD7KLV
SUHVHQWDWLRQZLOOGHDOZLWKWKHVHDQGRWKHUGLVRUGHUVDQGDGGUHVVWKHUHOD
WLRQVKLSEHWZHHQUHJLRQDOEUDLQRSLRLGUHFHSWRUELQGLQJDQGFOLQLFDOEHKDY
LRUDODQGELRFKHPLFDOGLVHDVHFRUUHODWHV,QFRFDLQHDEXVHLWLVEHHQVKRZQ
WKDWPXRSLRLGUHFHSWRUVDUHLQFUHDVHGLQVHYHUDOEUDLQUHJLRQVLQYROYHGLQ
UHZDUGDQGWKDWWKHLQFUHDVHFRUUHODWHVZLWKEHKDYLRUDOPHDVXUHVRIFUDYLQJ
0RQLWRULQJWKHFKDQJHLQPXRSLRLGUHFHSWRUVLQFRFDLQHDEXVHUVXQGHUJRLQJ
PRQLWRUHGZLWKGUDZDOGHPRQVWUDWHVWKDWWKHUHLVDUHODWLRQVKLSEHWZHHQWKH
QRUPDOL]DWLRQRIHOHYDWHGPXUHFHSWRUELQGLQJDQGWKHWLPHLWWDNHVVXEMHFWV
WRUHODSVHWRFRFDLQHXVHIROORZLQJGLVFKDUJH7KLVUHVXOWKDVOHGWRDQDOORQ
JRLQJFRQWLQJHQWYRXFKHURXWSDWLHQWWUHDWPHQWVWXG\LQZKLFKWKHFKDQJHLQ
PXRSLRLGUHFHSWRUELQGLQJLVFRUUHODWHGZLWKWKHFOLQLFDOWUHDWPHQWRXWFRPH
,QDOFRKROGHSHQGHQFHZHDUHDWWHPSWLQJWRGHWHUPLQHLIDOFRKROGHSHQGHQW
VXEMHFWVKDYHDEQRUPDOUHJLRQDOEUDLQRSLRLGUHFHSWRUVDQGWRGHWHUPLQHWKH
UHODWLRQVKLSEHWZHHQRSLRLG UHFHSWRUV DQGEHKDYLRUDOPHDVXUHVRI DOFRKRO
GHSHQGHQFH 5HVXOWV VKRZ WKDW WKHUH DUH VLJQL¿FDQW LQYHUVH UHODWLRQVKLSV
EHWZHHQ EHKDYLRUDOPHDVXUHV RI FUDYLQJ DQGPX RSLRLG UHFHSWRU ELQGLQJ
LQGRUVDOODWHUDOSUHIURQWDOFRUWH[DQGDQWHULRUIURQWDOFRUWH[WKHVHUHJLRQV
DOVRVKRZUHGXFHGPXRSLRLGUHFHSWRUVFRPSDUHGWRKHDOWK\FRQWUROV7KH
UHODWLRQVKLSEHWZHHQQDOWUH[RQHLQKLELWLRQRIPXDQGGHOWDRSLRLGUHFHSWRUV
DQGFOLQLFDORXWFRPHLVDOVREHLQJLQYHVWLJDWHG5HVXOWVWRGDWHLQGLFDWHWKDW
LQDOFRKROGHSHQGHQWVXEMHFWVRIQDOWUH[RQHOHDGVWRJUHDWHUWKDQ
LQKLELWLRQ RIPX UHFHSWRUV WKURXJKRXW WKH EUDLQ ,Q FRQWUDVW LQKLELWLRQ RI
GHOWD UHFHSWRUV LVDSSUR[LPDWHO\ZLWKFRQVLGHUDEOH LQWHUVXEMHFWYDUL
DELOLW\,QEXOLPLDQHUYRVDSRVVLEO\DQDXWRDGGLFWLRQGLVRUGHULQVXODUFRU
WH[RSLRLGUHFHSWRUVDUHUHGXFHG)XUWKHUPRUHDQGWKHUHGXFWLRQLQLQVXODU
FRUWH[RSLRLGUHFHSWRUELQGLQJLVSURSRUWLRQDOWREHKDYLRUDOLQGLFHVRIIRRG
UHVWULFWLRQVXFKDVGD\VRIIDVWLQJEHKDYLRUSHUPRQWK7KHLQVXODUFRUWH[
LVNQRZQWRPHGLDWH WKHDIIHFWLYHVDOLHQFHRIIRRGDQGPD\SOD\DUROH LQ
WKHLQLWLDWLRQDQGPDLQWHQDQFHRIDOWHUHGFRQVXPSWLYHEHKDYLRU6WXGLHVDUH
QRZXQGHUZD\WKDWZLOOFRPSDUHRSLRLGUHFHSWRUELQGLQJEHIRUHDQGDIWHU
FRJQLWLYHEHKDYLRUDOWKHUDS\LQSDWLHQWVZLWKEXOLPLDQHUYRVDLQRUGHUWRGH
WHUPLQHWKHUHODWLRQVKLSEHWZHHQRSLRLGUHFHSWRUVDQGWKHFOLQLFDOUHVSRQVH
7KHVHGDWDZLOOSHUPLWXVWRGHWHUPLQHZKHWKHUUHGXFHGLQVXODUFRUWH[RSLRLG
UHFHSWRUVUHSUHVHQWVDVWDWHRUWUDLWSKHQRPHQRQDQGZKHWKHUWKHPRQLWRULQJ
RIRSLRLGUHFHSWRUVGXULQJWUHDWPHQWPLJKWSURYLGHDVXUURJDWHHQGSRLQWIRU
WKH FOLQLFDO UHVSRQVH 7KHVH UHVXOWV WDNHQ WRJHWKHU GHPRQVWUDWH WKDW 3(7
LPDJLQJ RI WKH EUDLQ RSLRLG V\VWHP FDQ SURYLGH LQVLJKW LQWR ELRFKHPLFDO
PHFKDQLVPVLQDGGLFWLYHGLVRUGHUVDQGPLJKWKDYHDUROHLQGLDJQRVLVDQG
WUHDWPHQWPRQLWRULQJ
6
1RYHO$SSURDFKHVWRWKH3KDUPDFRWKHUDS\RI376'
$OH[DQGHU1HXPHLVWHU
<DOH8QLYHUVLW\6FKRRORI0HGLFLQH86$
7UHDWPHQWRISRVWWUDXPDWLFVWUHVVGLVRUGHU376'UHPDLQVDFKDOOHQJH7R
GDWH FOLQLFDO WULDOV KDYH VKRZQ WKDW SV\FKRWKHUDS\ DQG SKDUPDFRWKHUDS\
SDUWLFXODUO\ WUHDWPHQW ZLWK VHOHFWLYH VHURWRQLQ UHXSWDNH LQKLELWRUV DUH HI
IHFWLYH WUHDWPHQW RSWLRQV IRU SDWLHQWVZLWK 376'+RZHYHU D VXEVWDQWLDO
SURSRUWLRQ RI SDWLHQWV GR QRW UHVSRQG VXI¿FLHQW WR WKHVH WUHDWPHQWV 7KLV
SUHVHQWDWLRQZLOOUHYLHZFXUUHQWO\DYDLODEOHWUHDWPHQWVIRU376'DQGZLOO
WKHQSUHVHQWWUDQVODWLRQDOPRGHOVFRQFHUQLQJWKHSDWKRSK\VLRORJ\RI376'
7KLVPD\OHDGWRWKHLGHQWL¿FDWLRQRISRWHQWLDOQRYHOWDUJHWVIRUSKDUPDFR
ORJLFDOWUHDWPHQWVRI376'7KHVHPRGHOVWDNHLQWRDFFRXQWJHQHWLFDVZHOO
DVHQYLURQPHQWDOIDFWRUVDQGZLOOKDYHDIRFXVRQVHURWRQHUJLFVHURWRQLQ$
UHFHSWRUVDQGQRUDGUHQHUJLFWDUJHWVDOSKDDGUHQRUHFHSWRUV
6
7UHDWPHQWRI$Q[LHW\'LVRUGHUV$Q8SGDWH
6
5HFHQW$GYDQFHVLQWKH7UHDWPHQWRI3DQLF'LVRUGHU
6LHJIULHG.DVSHU
'HSDUWPHQWRI*HQHUDO3V\FKLDWU\0HGLFDO8QLYHUVLW\9LHQQD
$XVWULD
-RFKHQ.LQGOHU$OH[DQGUD6WUQDG1LOXIDU0RVVDKHE
:KLOH SDQLF GLVRUGHU ZDV LQLWLDOO\ WKRXJKW WR EH D GRPDLQ IRU WUHDWPHQW
ZLWKEHQ]RGLD]HSLQHVWKHUHLVQRZDPSOHHYLGHQFHWKDWDQWLGHSUHVVDQWVZLWK
D VHURWRQHUJLFPHFKDQLVP RI DFWLRQ H[HUW WKH WKHUDSHXWLF HI¿FDF\ IRU WKH
VKRUWDQGORQJWHUPXVDJH7KHEHQ]RGLD]HSLQHDOSUD]RODPKDVEHHQXVHG
VXFFHVVIXOO\LQWKHWUHDWPHQWRISDQLFGLVRUGHUEXWLWVORQJWHUPXVHSUHVHQWV
SUREOHPVZLWKGHSHQGHQFH6LQFHSDQLFPD\EHPHGLDWHGE\DG\VIXQFWLRQ
RI VHURWRQLQQHXURQDOSDWKZD\V WKHUH LV D UDWLRQDOH IRU WKH WUHDWPHQWZLWK
DQWLGHSUHVVDQWVWKDWPRGXODWHVHURWRQHUJLFV\VWHPV,QFOLQLFDOWULDOVPHP
EHUV RI WKH 665, FODVV RI DQWLGHSUHVVDQWV UHGXFHG SDQLF DWWDFN IUHTXHQF\
WR ]HUR LQ  WR RI SDWLHQWV DQGZHUHZHOOWROHUDWHG RYHU ORQJWHUP
DGPLQLVWUDWLRQ±DOO LPSRUWDQW IDFWRUV LQHQVXULQJSDWLHQWFRPSOLDQFH$G
GLWLRQDOO\WKHXVHRIDQWLGHSUHVVDQWVLVSUHIHUDEOHWREHQ]RGLD]HSLQHVLQWKH
WUHDWPHQWRISDQLFDQGFRPRUELGGHSUHVVLRQZKLFKKDVEHHQUHSRUWHGWREH
WKHFDVHLQRYHU7KHUHLVDQHHGIRUORQJWHUPWUHDWPHQWVWXGLHVLQWKLV
FKURQLFDQGGLVDEOLQJFRQGLWLRQWRHVWDEOLVKDWKHUDS\WKDWLVZHOOWROHUDWHG
DQGZKLFKSURYLGHVFRPSOHWHDQGVXVWDLQHGUHFRYHU\IURPSDQLFDWWDFNVDQG
UHVROXWLRQRIDQWLFLSDWRU\DQ[LHW\
!.8)%49¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
5HFHQW$GYDQFHVLQWKH7UHDWPHQWRI*$'
&KULVWHU$OOJXODQGHU
.DUROLQVND,QVWLWXWHW6WRFNKROP6ZHGHQ
7KHQHXURELRORJ\RIDQ[LHW\DQGPRRGGLVRUGHUVDSSHDUVWREHVKDUHGDQG
SDWLHQWVZLWKSULPDU\DQ[LHW\GLVRUGHUVDUHDWLQFUHDVHGULVNRIGHYHORSLQJ
VHFRQGDU\GHSUHVVLYHHSLVRGHV)UHTXHQWO\WKHVHGLVRUGHUVDUHIRXQGZLWKLQ
WKH VDPH IDPLO\ LQGLFDWLQJ D VKDUHGGLDWKHVLV$FFRUGLQJ WR WZLQ VWXGLHV
YXOQHUDEOH ZRPHQ PD\ GHYHORS HLWKHU JHQHUDOL]HG DQ[LHW\ RU GHSUHVVLRQ
GHSHQGLQJRQHQYLURQPHQWDOFLUFXPVWDQFHV
9HQODID[LQHSDUR[HWLQHVHUWUDOLQHDQGHVFLWDORSUDPKDYHEHHQVKRZQWREH
HIIHFWLYHLQWKHDFXWHDQGPDLQWHQDQFHWKHUDS\RI*$',QFRQWUROOHGVWXGLHV
WKHUHVSRQVHUDWH LVDERXWSHUFHQWDQGPDLQWHQDQFH WUHDWPHQWHQDEOHV
UHPLVVLRQLQDPDMRULW\RIWKHFDVHV7KHUHDUHQRNQRZQLUUHYHUVLEOHDGYHUVH
HIIHFWV\HWVH[XDOHIIHFWVDQGGLVFRQWLQXDWLRQV\PSWRPVDUHWREHH[SHFWHG
,QVRPHFKLOGUHQDQGDGROHVFHQWVFDXWLRQPXVWEHSDLGWRLQFUHDVHGLUULWDELO
LW\DQGVXLFLGDOLGHDWLRQZLWKVRPHRIWKHVHPHGLFDWLRQV
3UHJDEDOLQ LV DQRYHO DQ[LRO\WLF IRUZKLFK UHJXODWRU\DSSURYDO LVSHQGLQJ
IRU*$'WUHDWPHQW
7KH LQFUHDVHG XWLOL]DWLRQ RI VHURWRQHUJLFPHGLFDWLRQV KDV EHHQ SDUDOOHOHG
ZLWKUHGXFWLRQVLQVXLFLGHUDWHLQVHYHUDOFRXQWULHV,Q6ZHGHQWKHQXPEHU
RIVXLFLGHVGHFUHDVHGZLWKSHUFHQWLQWKHODVWGHFDGHDQGSHUFHQWRI
SULPDU\FDUHSDWLHQWVDUHRQPDLQWHQDQFHWUHDWPHQWZLWK665,VRU615,V
(XURSHDQVWXGLHVVKRZDQ[LHW\DQGGHSUHVVLYHGLVRUGHUVWREHWKHPRVWFRP
PRQLQSULPDU\FDUHVHFRQGRQO\WRPXVFXORVNHOHWDOFRQGLWLRQV
(PHUJLQJUHVHDUFKVKRZVEHQH¿WRIWUHDWPHQWLQ*$'SDWLHQWVZLWKFRQFXU
UHQWVWURNHP\RFDUGLDOLQIDUFWLRQDQGGLDEHWHVLQZKRPWKHULVNRIVXEVH
TXHQW VRPDWLF FRPSOLFDWLRQV LV UHGXFHG DQG WKH OLNHOLKRRG RI VXFFHVVIXO
UHKDELOLWDWLRQLVLQFUHDVHG$OFRKROGHSHQGHQFHFDQSUREDEO\EHSUHYHQWHG
DQGWUHDWHGE\LGHQWLI\LQJVXEMHFWVZLWKFRPRUELG*$'ZKRVHOIPHGLFDWH
ZLWKDOFRKRO
6WXGLHVVKRZWKDW LW LVFRVWHIIHFWLYH WRHPSRZHUQXUVHV WR WDNHFKDUJHRI
FDULQJIRUVXEMHFWV WKDWGRFWRUVKDYH WDUJHWHGIRU WUHDWPHQWRIDQ[LHW\DQG
GHSUHVVLRQ7UHDWPHQW DGKHUHQFH FDQEH HQKDQFHGE\ WHDFKLQJ WKHSDWLHQW
HOHPHQWDU\FRSLQJVNLOOVE\PHDQVRILQGLYLGXDORUJURXSFRXQVHOOLQJ7KH
LQWHUQHWSURYLGHVDFFHVVWRVXSSRUWJURXSVWRHGXFDWLRQDOZHEVLWHVDQGWR
RQOLQHFRJQLWLYHVNLOOVWUDLQLQJ<HWDPLQRULW\RIVXEMHFWVZLWK*$'LQWKH
FRPPXQLW\UHFHLYHDQ\NLQGRIWUHDWPHQW
6
7UHDWPHQWRI6RFLDO$Q[LHW\'LVRUGHU$Q8SGDWH
'DYLG%DOGZLQ
&OLQLFDO1HXURVFLHQFH'LYLVLRQ6FKRRORI0HGLFLQH8QLYHUVLW\RI
6RXWKDPSWRQ8.
$FXWHWUHDWPHQW6\VWHPDWLFUHYLHZVDQGSODFHERFRQWUROOHG5&7VLQGLFDWH
WKDW 665,V HVFLWDORSUDP ÀXR[HWLQH ÀXYR[DPLQH SDUR[HWLQH DQG VHUWUD
OLQHWKH615,YHQODID[LQHWKH0$2,SKHQHO]LQHWKH5,0$PRFOREHPLGH
VRPHEHQ]RGLD]HSLQHVEURPD]HSDPDQGFORQD]HSDPDQGDQWLFRQYXOVDQWV
JDEDSHQWLQDQGSUHJDEDOLQDQGWKHDQWLSV\FKRWLFRODQ]DSLQHDUHDOOHI¿FD
FLRXV7KHUHKDYHEHHQIHZFRPSDUDWRUFRQWUROOHGVWXGLHVHVFLWDORSUDP
PJGD\KDVEHHQIRXQGVXSHULRUWRSDUR[HWLQHPJGD\ZKHUHDV
YHQODID[LQH PJGD\ DQG SDUR[HWLQH PJGD\ KDG VLPLODU
HI¿FDF\ LQ WZRSODFHERFRQWUROOHGVWXGLHV )L[HGGRVH5&7VGRQRW
SURYLGHZKROO\FRQYLQFLQJHYLGHQFHRIDGRVHUHVSRQVHUHODWLRQVKLS/RQJ
WHUPWUHDWPHQW'RXEOHEOLQGVWXGLHVLQGLFDWHWKDWFRQWLQXLQJ665,RU615,
WUHDWPHQWIURPZHHNVWRZHHNVLVDVVRFLDWHGZLWKDQLQFUHDVHLQRYHU
DOO WUHDWPHQW UHVSRQVH UDWHV   3ODFHERFRQWUROOHG UHODSVHSUHYHQWLRQ
VWXGLHVLQSDWLHQWVZKRKDYHUHVSRQGHGWRSUHYLRXVDFXWHWUHDWPHQWLQGLFDWH
UHYHDODVLJQL¿FDQWDGYDQWDJHIRUVWD\LQJRQDFWLYHPHGLFDWLRQFRPSDUHGWR
VZLWFKLQJWRSODFHERFORQD]HSDPHVFLWDORSUDPSDUR[HWLQHVHUWUDOLQHIRU
XSWRVL[PRQWKV&RPSDUDWLYHHI¿FDF\RISV\FKRORJLFDODQGGUXJWUHDW
PHQWV'UXJ DQGSV\FKRORJLFDO WUHDWPHQWV GHOLYHUHG VLQJO\ KDYHEURDGO\
VLPLODU HI¿FDF\ LQ DFXWH WUHDWPHQW  EXW DFXWH WUHDWPHQWZLWK FRJQL
WLYH WKHUDS\ JURXSRU LQGLYLGXDOPD\EHDVVRFLDWHGZLWK UHGXFHG ULVNRI
V\PSWRPDWLFUHODSVHDWIROORZXS,WLVXQFHUWDLQZKHWKHUFRPELQLQJ
GUXJDQGSV\FKRORJLFDOWUHDWPHQWVLVDVVRFLDWHGZLWKJUHDWHURYHUDOOHI¿FDF\
WKDQZLWKHLWKHUWUHDWPHQWJLYHQDORQH7UHDWPHQWUHVLVWDQWSDWLHQWV
7KHUHLVQRFOHDUHYLGHQFHIRUGRVHHVFDODWLRQDIWHUDQLQLWLDOQRQUHVSRQVH
6ZLWFKLQJEHWZHHQWUHDWPHQWVZLWKSURYHQHI¿FDF\PD\EHKHOSIXO2SHQ
ODEHODXJPHQWDWLRQRI665,WUHDWPHQWZLWKEXVSLURQHKDVEHHQUHSRUWHGDV
EHQH¿FLDOEXWDSODFHERFRQWUROOHGSLQGRORODXJPHQWDWLRQVWXG\ZLWK
SDUR[HWLQHWUHDWPHQWLQGLFDWHVWKDWWKHDGGLWLRQRISLQGROROZDVQRWDVVRFL
DWHGZLWKJUHDWHUWUHDWPHQWHI¿FDF\
5HIHUHQFHV
%ODQFR&HWDO/DGHU0HWDO$OOJXODQGHU&HWDO
5LFNHOV.HWDO6WHLQHWDO+HLPEHUJHWDO
2WWRHWDO%ORPKRIIHWDO'DYLGVRQHWDO
/LHERZLW]HWDO&ODUNHWDO+DXJHWDO9DQ
$PHULQJHQHWDO6WHLQHWDO
6
3KDUPDFRWKHUDS\RI3RVWWUDXPDWLF6WUHVV'LVRUGHU
'DQ6WHLQ
8QLYHUVLW\RI&DSH7RZQ6RXWK$IULFD
2EMHFWLYHV$GYDQFHV LQ RXU XQGHUVWDQGLQJ RI WKH QHXURELRORJ\ RI SRVW
WUDXPDWLFVWUHVVGLVRUGHU376'DQGWKHDYDLODELOLW\RIPRGHUQDJHQWVKDV
JLYHQUHQHZHGLPSHWXVWRZRUNRQWKHSKDUPDFRWKHUDS\RIWKLVGLVRUGHU&OL
QLFLDQVRQFHXVHGEDUELWXUDWHVWRHQFRXUDJHWKHUHHPHUJHQFHRIUHSUHVVHG
PHPRULHVLQYHWHUDQVWKHFXUUHQWIRFXVLVWKHXVHRIVSHFL¿FPHGLFDWLRQVWR
UHYHUVHDQGSHUKDSVSUHYHQWSDUWLFXODUQHXURFKHPLFDOG\VIXQFWLRQVVHHQLQ
376'7KLVWDONUHYLHZVWKLVOLWHUDWXUH
0HWKRGV7KHPHWKRGVDQGVRIWZDUHRI7KH&RFKUDQH&ROODERUDWLRQZHUH
XVHGWRXQGHUWDNHDV\VWHPDWLFUHYLHZRIWKHSKDUPDFRWKHUDS\RI376'
5HVXOWV$OWKRXJKSUHFOLQLFDODQLPDOUHVHDUFKDQGFOLQLFDOQHXURELRORJLFDO
VWXGLHVVXJJHVW WKDWDQXPEHURIGLIIHUHQWDJHQWVPD\EHXVHIXO LQ376'
DQXSGDWHRI WKH&RFKUDQHPHWDDQDO\VLVRI376'SKDUPDFRWKHUDS\GHP
RQVWUDWHV WKDW WKH QXPEHU RI FRQWUROOHG SKDUPDFRWKHUDS\ VWXGLHV UHPDLQV
UHODWLYHO\ ORZ VHHZZZPHQWDOKHDOWKVDFR]DFRFKUDQHFRFKUHYLHZVKWP
1HYHUWKHOHVVWKHUHLVHYLGHQFHIRUWKHHI¿FDF\RIDQWLGHSUHVVDQWVHVSHFLDOO\
WKHVHOHFWLYHVHURWRQLQ UHXSWDNH LQKLELWRUV7KHUH LVDSDXFLW\RI OLWHUDWXUH
DERXWDQXPEHURIFUXFLDOLVVXHVLQWKHSKDUPDFRWKHUDS\RI376'
&RQFOXVLRQV $ QXPEHU RI DJHQWV DUH QRZ DYDLODEOH IRU WKH HIIHFWLYH
VKRUWWHUPSKDUPDFRWKHUDS\ RI 376'$W WKH VDPH WLPHPDQ\ LPSRUWDQW
XQDQVZHUHGTXHVWLRQVUHPDLQDQGUHTXLUHDGGLWLRQDOUHVHDUFK
5HIHUHQFHV
6WHLQ'-=XQJX'LUZD\L1YDQGHU/LQGHQ*-6HHGDW63KDUPDFRWKHUDS\
IRU SRVWWUDXPDWLF VWUHVV GLVRUGHU &RFKUDQH 'DWDEDVH RI 6\VWHPDWLF 5H
YLHZV&'
6
)XWXUH3HUVSHFWLYHV1HZ&RPSRXQGVZLWK3XWDWLYH$Q[LRO\WLF
(IIHFWV
%RUZLQ%DQGHORZ
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\RI*|W
WLQJHQ*HUPDQ\
$OWKRXJKFXUUHQWWUHDWPHQWRIDQ[LHW\GLVRUGHUVLVKLJKO\VXFFHVVIXOVRPH
SUREOHPVKDYHWREHVROYHGLQWKHIXWXUH'UXJVVKRXOGEHGHYHORSHGWKDWDUH
VDIHDQGZHOOWROHUDWHGGRQRWFDXVHDGGLFWLRQKDYHDIDVWRQVHWRIDFWLRQ
ZLWKLQKRXUVRUGD\VDQGKDYHKLJKUHVSRQVHUDWHV
'UXJVWKDWELQGWRWKHDOSKDGHOWDVXEXQLWRIYROWDJHGHSHQGHQWFDOFLXP
FKDQQHOVKDYHUHFHQWO\EHHQVKRZQWRKDYHDQ[LRO\WLFSURSHUWLHVLQFOLQLFDO
VWXGLHV$OVRWKHVLJQL¿FDQFHRIYDULRXVRWKHUVXEVWDQFHJURXSVZLWKSXWD
WLYHDQ[LRO\WLFDFWLRQZLOOEHGLVFXVVHG7KHVHLQFOXGH+7$DQG+7&
DJRQLVWV +7 DQG +7 DQWDJRQLVWV &&. DQWDJRQLVWV *$%$HUJLF
VXEVWDQFHV EHWDFDUEROLQHV VLJPD UHFHSWRU OLJDQGV WDFK\NLQLQ UHFHSWRU
DQWDJRQLVWV VXFK DV1. VXEVWDQFH 31. DQG1. DQWDJRQLVWV1.
DJRQLVWV JOXWDPDWH UHFHSWRU DQWDJRQLVWV QHXURSHSWLGH< DJRQLVWV &5+
UHFHSWRUDQWDJRQLVWVQDWULXUHWLFSHSWLGHQLWURÀDYDQRLGVDQGRWKHUV
!.8)%49¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
8QGHUVWDQGLQJ$Q[LHW\$GYDQFHVLQLWV1HXURELRORJLFDO
%DVLVDQG7UHDWPHQW,PSOLFDWLRQV
6
6HURWRQLQDQGWKH665,VLQWKH7UHDWPHQWRI$Q[LHW\'LVRUGHUV
*X\0*RRGZLQ
8QLYHUVLW\RI2[IRUG8.
2EMHFWLYHV7KHLQLWLDOUHFRJQLWLRQWKDWDQWLGHSUHVVDQWVDUHHIIHFWLYHLQDQ[L
HW\HYHQLQQRQGHSUHVVHGSDWLHQWVZDVXQH[SHFWHG,QSDUWWKLVZDVEHFDXVH
WUDGLWLRQDO FOLQLFDO GHVFULSWLRQV RI DQ[LHW\ DQG GHSUHVVLRQ DUH DWKHRUHWLFDO
DQGKDYHOLPLWHGKHXULVWLFSRWHQWLDO&RJQLWLYHQHXURVFLHQFHRIIHUVLQFRQ
WUDVWDYLEUDQWQHZV\QWKHVLVRIZKDWZHNQRZDERXWKRZWKHEUDLQZRUNV
LQKHDOWKDQGPRUHVSHFXODWLYHO\ LQGLVHDVH7KHWDVNLV WR LGHQWLI\VHPL
GLVFUHWHFRPSRQHQWVRIFRJQLWLRQWKDWSURYLGHLQVLJKWVLQWRSDWKRSK\VLRORJ\
RUGUXJDFWLRQDQGKRZWKH\PD\FRQYHUJH
0HWKRGV ,PSURYHG XQGHUVWDQGLQJ RI HPRWLRQDO SURFHVVLQJ DQG VRFLDO
FRJQLWLRQKDVDOORZHGXVWRGHYHORSERWKEHKDYLRXUDODQGLPDJLQJPRGHOV
EDVHGRQI05,WKDWSURYLGHDVVD\VIRUQHZPHGLFLQHVZLWKSRWHQWLDOIRUWKH
DFXWHWUHDWPHQWRIDQ[LHW\
5HVXOWV)DFLDOH[SUHVVLRQ VWDUWOHDQGJDPLQJSDUDGLJPVDUHDOO VHQVLWLYH
WRPRQRDPLQHPDQLSXODWLRQVLQPDQ7U\SWRSKDQGHSOHWLRQKDVRSSRVLWHHI
IHFWVWRDXJPHQWDWLRQRIVHURWRQLQ¶VHIIHFWVZLWKWKH665,FLWDORSUDP2QH
VLWHRIDFWLRQKDVEHHQVKRZQZLWK%2/'I05,WREHWKHDP\JGDOD
&RQFOXVLRQV:HKDYHGH¿QHGVWDUWLQJSRLQWVIRUWKLVH[SHULPHQWDOPHGLFLQH
DSSURDFKZLWKQRYHOFRPSRXQGV'UXJGHYHORSPHQWPD\ERWKEHJXLGHGE\
DQGVHUYHWRLGHQWLI\VSHFL¿FLW\LQEUDLQUHJLRQVLPSOLFDWHGLQWKHJHQHUDWLRQ
DQGPDLQWHQDQFHRIDQ[LHW\V\PSWRPV
5HIHUHQFHV+DUPHUHWDO7U\SWRSKDQGHSOHWLRQGHFUHDVHVWKHUHFRJ
QLWLRQRIIHDULQIHPDOHYROXQWHHUV3V\FKRSKDUPDFRORJ\
%KDJZDJDU HW DO  1RUPDOL]DWLRQ RI HQKDQFHG IHDU UHFRJQLWLRQ E\
DFXWH 665, 7UHDWPHQW LQ VXEMHFWV ZLWK D SUHYLRXV KLVWRU\ RI GHSUHVVLRQ
$PHULFDQ-RXUQDORI3V\FKLDWU\
+DUPHUHWDO,QFUHDVHG3RVLWLYH9HUVXV1HJDWLYH$IIHFWLYH3HUFHS
WLRQDQG0HPRU\LQ+HDOWK\9ROXQWHHUV)ROORZLQJ6HOHFWLYH6HURWRQLQDQG
1RUHSLQHSKULQH5HXSWDNH,QKLELWLRQ$PHULFDQ-RXUQDORI3V\FKLDWU\

6
6WUXFWXUDODQG)XQFWLRQDODQG1HXURLPDJLQJ6WXGLHVRI376'
5RJHU.3LWPDQ
+DUYDUG0HGLFDO6FKRRO86$
/LVD06KLQ0DUN:*LOEHUWVRQ7DPDUD9*XUYLWV
)ODYLD60D\0DUWKD(6KHQWRQ6FRWW/5DXFK3DXO-:KDOHQ
.L\RWR.DVDL
2EMHFWLYHV 7KH SDVW GHFDGH KDV VHHQ DQ H[SORVLRQ RI QHXURLPDJLQJ
UHVHDUFK LQ WKH DUHD RI SRVWWUDXPDWLF VWUHVV GLVRUGHU 376'2XU JURXS
KDVEHHQKHDYLO\LQYROYHGLQWKLVHIIRUW7KHREMHFWLYHRIWKLVSUHVHQWDWLRQ
ZLOOEHWRSURYLGHDUHSUHVHQWDWLYHRYHUYLHZRIGHYHORSPHQWVLQWKH¿HOGE\
UHYLHZLQJRXUVWXGLHVLQWKLVDUHDFRQFOXGLQJZLWKRXUODWHVW¿QGLQJV
0HWKRGV5HVXOWV8VLQJVWUXFWXUDOPDJQHWLFUHVRQDQFHLPDJLQJ05,ZH
KDYHIRXQGUHGXFHGYROXPHRIERWKKLSSRFDPSXVDQGSUHJHQXDOVXEFDOORVDO
DQWHULRU FLQJXODWH FRUWH[ $&& LQ VXEMHFWV ZLWK 376' ([WHQGLQJ WKLV
UHVHDUFKWRLGHQWLFDO WZLQVGLVFRUGDQWIRUFRPEDWH[SRVXUHLQ9LHWQDPXV
LQJ D UHJLRQRILQWHUHVW 52, DSSURDFK ZH KDYH VKRZQ WKDW WKH VPDOOHU
KLSSRFDPSLDQGODUJHUQHLJKERULQJFDYDVHSWDSHOOXFLGLIRXQGLQYHWHUDQV
ZLWK376'DUHVKDUHGE\ WKHLU WZLQVZKRZHUHQHYHUH[SRVHG WRFRPEDW
7KLVVXJJHVWVWKDWKLSSRFDPSDOGLPLQXWLRQFRQIHUVYXOQHUDELOLW\IRU376'
XSRQWUDXPDH[SRVXUH:HKDYHUHFHQWO\UHSOLFDWHGWKLV¿QGLQJLQWKHVDPH
VXEMHFWV XVLQJ D YR[HOEDVHG PRUSKRPHWU\ 9%0 DSSURDFK 9%0 DOVR
UHYHDOHG YROXPHWULF GLPLQXWLRQV LQ URVWUDO$&&ZKLFK WR D OHVVHU H[WHQW
DSSHDUWREHVKDUHGE\WKHQRQFRPEDWWZLQVRIWKH376'YHWHUDQVDJDLQ
VXSSRUWLQJ D SUHWUDXPD YXOQHUDELOLW\ LQWHUSUHWDWLRQ ,Q WKH IXQFWLRQDO
QHXURLPDJLQJDUHQDXVLQJSRVLWURQHPLVVLRQ WRPRJUDSK\ 3(7ZHKDYH
IRXQGJUHDWHUDFWLYDWLRQLQDP\JGDODDQGDVVRFLDWHGDQWHULRUSDUDOLPELFFRU
WLFDOVWUXFWXUHVGXULQJVFULSWGULYHQLPDJHU\RISHUVRQDOWUDXPDWLFHYHQWVLQ
VXEMHFWVZLWK376'3DUDGR[LFDOO\367'VXEMHFWVVKRZHGUHODWLYHIDLOXUH
RI$&&DFWLYDWLRQ8VLQJIXQFWLRQDO05,I05,ZHKDYHIRXQGKHLJKWHQHG
DP\JGDODUHVSRQVHVWRIHDUIXOH[SUHVVLRQVLQ376'VXEMHFWVDQGGLPLQLVKHG
DFWLYDWLRQRIURVWUDO$&&LQWKHHPRWLRQDO6WURRSSDUDGLJP,QUHFHQW3(7
DQGI05,ZRUNZHKDYHVKRZQWKDWDUHFLSURFDOUHODWLRQVKLSH[LVWVLQ376'
EHWZHHQDP\JGDODDQG$&&DFWLYDWLRQ
&RQFOXVLRQV 7KHVH UHVXOWV DUH FRQVLVWHQW ZLWK D QHXURSDWKRSK\VLRORJLF
PRGHORI376'LQZKLFKSUHIURQWDOFRUWLFDODQGKLSSRFDPSDODUHDVIDLOWR
LQKLELWDP\JGDODPHGLDWHGWUDXPDWLFIHDUUHVSRQVHV
5HIHUHQFHVVHOHFWHG
6KLQHWDOLQSUHVV$QI05,VWXG\RIDP\JGDODDQGPHGLDOSUHIURQWDOFRUWH[
UHVSRQVHVWRRYHUWO\SUHVHQWHGIHDUIXOIDFHVLQSRVWWUDXPDWLFVWUHVVGLVRUGHU
$UFK*HQ3V\FKLDWU\
0D\HWDO&DYXPVHSWXPSHOOXFLGXPLQPRQR]\JRWLFWZLQVGLVFRUG
DQWIRUFRPEDWH[SRVXUH%LRO3V\FKLDWU\
6KLQ HW DO  5HJLRQDO FHUHEUDO EORRG ÀRZ LQ DP\JGDOD DQG PHGLDO
SUHIURQWDO FRUWH[ GXULQJ WUDXPDWLF LPDJHU\ LQ PDOH DQG IHPDOH 9LHWQDP
YHWHUDQVZLWK376'$UFK*HQ3V\FKLDWU\
5DXFKHW DO 6HOHFWLYHO\ UHGXFHG UHJLRQDO FRUWLFDOYROXPHV LQSRVW
WUDXPDWLFVWUHVVGLVRUGHU1HXURUHSRUW
*LOEHUWVRQ HW DO  6PDOOHU KLSSRFDPSDO YROXPH SUHGLFWV SDWKRORJLF
YXOQHUDELOLW\WRSV\FKRORJLFDOWUDXPD1DW1HXURVFL
6KLQHWDO$QI05,VWXG\RIDQWHULRUFLQJXODWHIXQFWLRQLQSRVWWUDX
PDWLFVWUHVVGLVRUGHU%LRO3V\FKLDWU\
6
5HFHQW1HXURLPDJLQJ)LQGLQJVLQ3DQLF'LVRUGHU2&'6$'
DQG*$'
3DROR%UDPELOOD
8QLYHUVLW\RI8GLQH,WDO\
2EMHFWLYHV7R WKLVGDWH WKHSDWKRSK\VLRORJ\RI DQ[LHW\GLVRUGHUV LV VWLOO
ODUJHO\XQNQRZQ6WXGLHVZLWKKLJKUHVROXWLRQPDJQHWLFUHVRQDQFHLPDJLQJ
05, KDYH RSHQHG QHZ DUHDV RI UHVHDUFK DOORZLQJ GLUHFW LQYHVWLJDWLRQV
LQWRWKHEUDLQPHFKDQLVPVLQYROYHGLQWKHSDWKRSK\VLRORJ\RIDQ[LHW\GLVRU
GHUV0RUHRYHU05,VWXGLHVDUHRIJUHDWLPSRUWDQFHIRUWKHLGHQWL¿FDWLRQRI
QHXURELRORJLFDOFRUUHODWHVRIWUHDWPHQWUHVSRQVLYHQHVVDQGHYHQWXDOO\DLGLQ
GHYHORSPHQWRIQHZGLDJQRVWLFFULWHULD
0HWKRGV05,¿QGLQJVLQSDQLFGLVRUGHU3'REVHVVLYHFRPSXOVLYHGLV
RUGHU 2&'VRFLDODQ[LHW\GLVRUGHU 6$'DQGJHQHUDODQ[LHW\GLVRUGHU
*$'ZLOOEHUHYLHZHGDQGIXWXUHVWUDWHJLHVIRULQYHVWLJDWLRQVLQWKLV¿HOG
ZLOOEHVXJJHVWHG
5HVXOWVWKHUHLVHYLGHQFHVXJJHVWLQJWKDWRUELWDOIURQWDOUHJLRQVDQGEDVDO
JDQJOLDDUHDQDWRPLFDOO\DQGIXQFWLRQDOO\DEQRUPDOLQ2&'DQGWKDWWHPSR
UDOOREHLVDEQRUPDOO\UHGXFHGLQ3'$VIDUDVJHQHUDOL]HGDQ[LHW\GLVRUGHU
*$'SUHOLPLQDU\¿QGLQJVVKRZDEQRUPDOLWLHVRIDP\JGDODZKLFKPD\
SOD\DPDMRUUROHLQWKHSDWKRSK\VLRORJ\RIWKLVGLVRUGHU
&RQFOXVLRQV 1HXURLPDJLQJ ¿QGLQJV WKXV VXJJHVW DOWHUDWLRQV LQ VSHFL¿F
EUDLQUHJLRQVSDUWLFLSDWLQJLQSDWKRSK\VLRORJ\RIDQ[LHW\GLVRUGHUV1RQH
WKHOHVVDYDLODEOHVWXGLHVKDYHVXIIHUHGIURPOLPLWDWLRQVUHODWHGWRUHODWLYHO\
VPDOO SDWLHQW VDPSOHV DQG LQYROYHPHQW RI PHGLFDWHG SDWLHQWV DQG ZHUH
ODUJHO\FURVVVHFWLRQDO LQYHVWLJDWLRQV7KHUHIRUH ORQJLWXGLQDO05,VWXGLHV
LQYROYLQJPRUHVL]HDEOHVDPSOHVRIGUXJIUHHSDWLHQWVSDWLHQWVDW¿UVWHSL
VRGHRILOOQHVVRUDWKLJKULVNIRUDQ[LHW\GLVRUGHUVDVVRFLDWHGWRJHQHWLFDQG
QHXURSV\FKRORJLFDOVWXGLHVDUHOLNHO\WREHH[WUHPHO\YDOXDEOHWRVHSDUDWH
VWDWH IURP WUDLW EUDLQ DEQRUPDOLWLHV DQG WR FKDUDFWHUL]H IXUWKHU WKH SDWKR
SK\VLRORJ\RIWKHVHGLVRUGHUV
5HIHUHQFHV
%UDPELOOD3%DUDOH)&DYHU]DVL(6RDUHV-&$QDWRPLFDO05,¿QG
LQJVLQDQ[LHW\GLVRUGHUVDQGPRRGGLVRUGHUV(SLGHPLRO3VLFKLDWU6RF

-HQLNH0$%UHLWHU+&%DHU/HWDO&HUHEUDOVWUXFWXUDODEQRUPDOL
WLHV LQ REVHVVLYHFRPSXOVLYH GLVRUGHU D TXDQWLWDWLYH PRUSKRPHWULF PDJ
QHWLFUHVRQDQFHLPDJLQJVWXG\$UFK*HQ3V\FKLDWU\
!.8)%49¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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7KH,PSDFWRI*HQGHUDQG/LIH&\FOH&KDQJHVLQWKH$Q[LHW\
'LVRUGHUV
&ODXGLR6RDUHV
+DUYDUG8QLYHUVLW\86$0F0DVWHU8QLYHUVLW\&DQDGD
2EMHFWLYHV7KLVSUHVHQWDWLRQZLOOIRFXVRQIHPDOHVSHFL¿FFKDUDFWHULVWLFV
UHJDUGLQJ SUHYDOHQFH ULVN IDFWRUV DQG SKHQRPHQRORJ\ RI DQ[LHW\ GLVWXU
EDQFHVDQGWKHLULPSDFWRQTXDOLW\RIOLIHDFURVVWKHOLIHF\FOHRIZRPHQ
0HWKRGV5HYLHZRIWKHH[LVWLQJOLWHUDWXUHSUHOLPLQDU\UHVXOWVRIRQJRLQJ
VWXGLHV
5HVXOWV 7KH LPSDFW RI VH[ KRUPRQHV RQ EUDLQ IXQFWLRQLQJ LV IUHTXHQWO\
FLWHGDVRQHRIWKHIDFWRUVWKDWFRQWULEXWHWRWKHJHQGHUGLIIHUHQFHVREVHUYHG
LQWKHSUHYDOHQFHRXWFRPHDQGUHVSRQVHWRWUHDWPHQWRIPHQWDOGLVRUGHUV
)RUH[DPSOHDFFXPXODWLQJGDWDVXJJHVW WKDWDQ LQFUHDVHGYXOQHUDELOLW\ WR
GHSUHVVLRQDQGDQ[LHW\H[LVWV DPRQJ VXEJURXSVRIZRPHQGXULQJSHULRGV
RIKHLJKWHQHGKRUPRQDOYDULDELOLW\LHSUHPHQVWUXDOSHULRGVSXHUSHULXP
DQGWKHPHQRSDXVDO WUDQVLWLRQ,W LV WKHUHIRUHLQWXLWLYHWKDWJHQGHUUHODWHG
FKDUDFWHULVWLFV DQG KRUPRQH DVSHFWV VKRXOG EH WDNHQ LQWR DFFRXQW ZKLOH
SODQQLQJ WUHDWPHQW VWUDWHJLHV IRU UHSURGXFWLYHUHODWHG PRRG DQG DQ[LHW\
GLVWXUEDQFHV
&RQFOXVLRQV6SHFL¿FFRQVLGHUDWLRQVUHJDUGLQJWKHGLVHDVHEXUGHQDQGSV\
FKRVRFLDOLPSDLUPHQWFDXVHGE\DQ[LHW\GLVRUGHUVGXULQJWKHSUHPHQVWUXDO
DQGSHULPHQRSDXVDOSHULRGVZLOOEHGLVFXVVHGGXULQJWKLVV\PSRVLXP+RU
PRQHÀXFWXDWLRQVFRPPRQO\VHHQGXULQJSUHPHQVWUXDODQGSHULPHQRSDXVDO
SHULRGVPD\DIIHFWVLJQL¿FDQWO\ WKHVHYHULW\DQGFOLQLFDOFKDUDFWHULVWLFVRI
DQ[LHW\GLVRUGHUVDPRQJZRPHQ7KLVSUHVHQWDWLRQZLOOLQFUHDVHDZDUHQHVV
RIQRYHORSWLRQV IRU WKH WUHDWPHQWRIPHQRSDXVHUHODWHGVRPDWLFDQGSV\
FKRORJLFDOGLVWXUEDQFHVSDUWLFXODUO\LQOLJKWRIUHFHQWFRQWURYHUV\LQYROYLQJ
ORQJWHUPXVHRIKRUPRQHWKHUDS\
5HIHUHQFHV
6RDUHV&1+RUPRQHVDQGPHQWDOKHDOWKZKHUHGRZHVWDQGLQWKH
SRVW:+,HUD"5HY%UDV3VLTXLDWU
6RDUHV &1 HW DO  (IIHFW RI UHSURGXFWLYH KRUPRQHV DQG VHOHFWLYH
HVWURJHQ UHFHSWRU PRGXODWRUV RQ PRRG GXULQJ PHQRSDXVH 'UXJV$JLQJ

&RKHQ /6 HW DO  3DUR[HWLQH FRQWUROOHG UHOHDVH IRU SUHPHQVWUXDO
G\VSKRULF GLVRUGHU D GRXEOHEOLQG SODFHERFRQWUROOHG WULDO 3V\FKRVRP
0HG
6
)XWXUH'LUHFWLRQVDQG1RYHO6WUDWHJLHVLQWKH7UHDWPHQWRI
$Q[LHW\
*XVWDYR.LQU\V
+DUYDUG0HGLFDO6FKRRO%RVWRQ0$86$
2EMHFWLYHV1RWZLWKVWDQGLQJ H[LVWHQW¿UVW OLQH LQWHUYHQWLRQV IRU WKH WUHDW
PHQW RI DQ[LHW\ GLVRUGHUV DSSUR[LPDWHO\  WR  RI SDWLHQWV IDLO WR
UHDFK UHVSRQGHU VWDWXV DIWHU DFXWH WUHDWPHQWZLWK DQ HYHQ JUHDWHU SURSRU
WLRQ UHPDLQLQJ DW OHDVW VRPHZKDW V\PSWRPDWLF 5HPLVVLRQ UDWHV ZKLFK
KDYH XQWLO UHFHQWO\ EHHQ LQIUHTXHQWO\ PHDVXUHG DUH HYHQ ORZHU$ VPDOO
QXPEHURIPRVWO\XQFRQWUROOHGVWXGLHVVXJJHVWD UROH IRUDXJPHQWDWLRQRI
LQLWLDOWKHUDS\ZLWKDVHFRQGPRGDOLW\LQSDWLHQWVZKRGRQRWIXOO\UHPLWWR
WUHDWPHQW$OVRWKHUHLVDVPDOOEXWJURZLQJOLWHUDWXUHZKLFKVXJJHVWVWKDW
WKHXVHRIQRYHODQWLFRQYXOVDQWVDQGDW\SLFDODQWLSV\FKRWLFVLQWKHWUHDWPHQW
RIDQ[LHW\GLVRUGHUVVKRXOGEHIXUWKHUVWXGLHGDVZHOODVQRYHODJHQWVWKDW
WDUJHW FOLQLFDOO\ XQH[SORUHG QHXURWUDQVPLVVLRQ V\VWHPV HJ JOXWDPDWH
VXEVWDQFH3DQGWKH+3$D[LV
0HWKRGV 7KLV SUHVHQWDWLRQZLOO UHYLHZ WKH DYDLODEOH V\VWHPDWLF GDWD UH
JDUGLQJ WKHVH QHZHU WKHUDSHXWLF VWUDWHJLHV IRU DQ[LHW\ GLVRUGHUV SRWHQWLDO
IXWXUHWKHUDSLHVDQGWKHUHODWLYHEHQH¿WVRIFRPELQDWLRQVWUDWHJLHVWRPDQ
DJHSDWLHQWVZKRUHPDLQV\PSWRPDWLFGHVSLWHLQLWLDOWUHDWPHQW
5HVXOWV&RQFOXVLRQV 7KHUH LV HYLGHQFH VXJJHVWLQJ WKDW FRPELQDWLRQ
VWUDWHJLHVDQGQRYHODJHQWVWDUJHWLQJXQH[SORUHGQHXURWUDQVPLVVLRQV\VWHPV
UHSUHVHQWWKHQH[WVWHSRIWUHDWPHQWIRUDQ[LHW\$GYDQFHVLQGUXJGHYHORS
PHQWDQGWKHDYDLODELOLW\RIQRYHOFRPSRXQGVPD\RIIHULPSURYHGHI¿FDF\
DQGWUHDWPHQWRXWFRPHVLQWKHDFXWHDQGPDLQWHQDQFHWUHDWPHQWRIDQ[LHW\
V\PSWRPV
5HIHUHQFHV
.LQU\V * :\JDQW /( 3DUGR 7 0HOR 0 ,Q SUHVV /HYHWLUDFHWDP IRU
7UHDWPHQW 5HIUDFWRU\ 3RVWWUDXPDWLF 6WUHVV 'LVRUGHUV -RXUQDO RI &OLQLFDO
3V\FKLDWU\
:RUWKLQJWRQ--UG.LQU\V*:\JDQW/(3ROODFN0+$ULSLSUD]ROH
DVDQDXJPHQWRURIVHOHFWLYHVHURWRQLQUHXSWDNHLQKLELWRUVLQGHSUHVVLRQDQG
DQ[LHW\GLVRUGHUSDWLHQWV,QW&OLQ3V\FKRSKDUPDFRO
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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&OLQLFDO1HXURSURWHRPLFV2I1HXURGHJHQHUDWLYH'LVRUGHUV
6
&6)0XOWLSOH[3URWHLQ$QDO\VHVDQG3URWHRPLFV,Q$'
.DM%OHQQRZ
'HSWRI&OLQLFDO1HXURVFLHQFH6DKOJUHQ¶V8QLYHUVLW\+RVSLWDO
*|WHERUJ6ZHGHQ
&6)ELRPDUNHUVDVWRROVIRUHDUO\GLDJQRVLVRI$'LVRILPSRUWDQFHIRUWKH
LQLWLDWLRQ RI V\PSWRPDWLF WUHDWPHQWZLWK$&K( LQKLELWRUV DQGZLOO EH RI
HYHQJUHDWHUVLJQL¿FDQFHLIQHZWKHUDSHXWLFFRPSRXQGVVXFKDV$ȕYDFFLQH
SURYHWRKDYHFOLQLFDOHIIHFW
7KH&6)ELRPDUNHUVWRWDOWDX7WDXSKRVSKRWDX3WDXDQG$ȕKDYH
KLJK GLDJQRVWLF VHQVLWLYLW\ WR LGHQWLI\$' DQG WR GLIIHUHQWLDWH$' IURP
QRUPDODJLQJDQGVHYHUDOLPSRUWDQWGLIIHUHQWLDOGLDJQRVHVDQGDOVRKHOSWR
LGHQWLI\SDWLHQWVZLWKPLOGFRJQLWLYHLPSDLUPHQW0&,WKDWKDYHLQFLSLHQW
$'+RZHYHUWKHVSHFL¿FLW\DJDLQVWRWKHUGHPHQWLDVLVQRWRSWLPDO
2XUK\SRWKHVLVLVWKDWDEHWWHUGLVFULPLQDWLYHSRZHUPD\EHDFKLHYHGXVLQJ
D ODUJHU SDQHO RI ELRPDUNHUV IRU GLIIHUHQW SDWKRJHQLF SURFHVVHV:H KDYH
GHYHORSHG PXOWLSOH[ SURWHLQ LPPXQRDVVD\V XVLQJ WKH /XPLQH[ [0$3
WHFKQRORJ\7KH¿UVWDVVD\IRUVLPXOWDQHRXVPHDVXUHPHQW7WDX3WDX
DQG$ȕ VKRZKLJKDQDO\WLFDOSUHFLVLRQDQGGLDJQRVWLFSHUIRUPDQFH6L
PXOWDQHRXVPHDVXUHPHQWRI VHYHUDO1WHUPLQDOO\ WUXQFDWHG$ȕYDULDQWV
LPSURYHWKHSHUIRUPDQFHWRLGHQWLI\0&,FDVHVZLWKLQFLSLHQW$'
'LIIHUHQWSURWHRPLFDSSURDFKHVDUHXVHGLQWKHVHDUFKIRUQHZ&6)ELRPDU
NHUV IRU$':HKDYHXVHGSURWHLQFKLS WHFKQRORJ\ 6(/',72) LQ WKH
VHDUFKIRUDVSHFL¿F$'ELRPDUNHUSDWWHUQ:HKDYHIRXQGVHYHUDOVSHFL¿F
SURWHLQSHDNVWKDWWRJHWKHUJLYHVDQGH[FHOOHQWVHSDUDWLRQEHWZHHQ$'DQG
FRQWUROV7KHVH¿QGLQJVKDYHDOVREHHQYHUL¿HGLQLQGHSHQGHQWSDWLHQWDQG
FRQWUROVDPSOHV7KH LGHQWLWLHVRI WKHPDMRULW\RI WKHVHSURWHLQVKDYHDOVR
EHHQLGHQWL¿HGXVLQJPDVVVSHFWURPHWU\
6
1R$EVWUDFW5HFHLYHG
&KULVWRI+RFN
6ZLW]HUODQG
6
1R$EVWUDFW5HFHLYHG
1LNL6FKRRQHQERRP
1HWKHUODQGV
6
7DXRSDWK\$P\ORLGRVLVDQG6\QXFOHLQRSDWK\:KLFK
5HODWLRQVKLSV"
/XF%XpH
,16(5088QLYHUVLW\RI/LOOH)UDQFH
$QGUp'HODFRXUWH
2EMHFWLYHV0ROHFXODU¿QGLQJVLQQHXURGHJHQHUDWLYHGLVRUGHUVKDYHOHGWR
DQHZFODVVL¿FDWLRQEDVHGRQWKHQDWXUHRIWKHPDLQDJJUHJDWHGSURGXFW)RU
LQVWDQFHDP\ORLGRLVLVUHIHUVWRDP\ORLGSHSWLGHV\QXFOHLQRSDWK\WRDOSKD
V\QXFOHLQDQGWDXRSDWK\WRWDXSURWHLQ7KLVFODVVL¿FDWLRQUDLVHVWKHSUREOHP
RIVSHFLI\DQGLJQRUHVWKHSRVVLEOHUHODWLRQVKLSVDPRQJWKHVHSDWKRORJLHV
,QWKHSUHVHQWVWXG\WKHVHWKUHHDJJUHJDWHGSURWHLQVZHUHDQDO\]HGLQKXPDQ
EUDLQV LQ RUGHU WR LGHQWLI\ DQ\ OLQNV DPRQJ WKH HWLRSDWKRJHQHVLV RI WKHVH
GLVRUGHUV
0HWKRGVEUDLQVSHFLPHQVIURPHOGHUO\FRQWUROVDQGGHPHQWHGSDWLHQWV
$O]KHLPHU¶VGLVHDVH$'DQG/HZ\ERG\GHPHQWLD/%'ZLWKIXOOFOLQL
FDOQHXURSDWKRORJLFDODQGELRFKHPLFDOGDWDFRQVWLWXWHWKH/LOOH%UDLQ%DQN
$JJUHJDWHGSURWHLQVDUHIUDFWLRQDWHGIURPEUDLQWLVVXHZLWKDVWDQGDUGSUR
WRFRODVSUHYLRXVO\GHVFULEHGDQGSURWHRPLFVDQDO\VLVZDVSHUIRUPHGXVLQJ
'HOHFWURSKRUHVLVDQGPDVVVSHFWURPHWU\7ROQD\HWDO6HUJHDQWHW
DO'HUDPHFRXUWHWDO
5HVXOWV7DXSURWHLQVZHUHDOZD\V IRXQGK\SHUSKRVSKRU\ODWHG LQ$'DQG
UHODWHG WDXRSDWKLHV ,QQRUPDODJLQJ WDXDJJUHJDWHVZHUH UHVWULFWHG WR WKH
KLSSRFDPSDOIRUPDWLRQZKHUHDV WKH\ LQYDGHG WKHHQWLUHFHUHEUDOFRUWH[ LQ
$' SDWLHQWV ,Q0&, FDVHV VRPH VXEMHFWV GLVSOD\HG ERWK DJJUHJDWHG WDX
DQG DP\ORLG SURWHLQ HQGLQJ DW ZKHUHDV RWKHUV RQO\ H[KLELWHG DJJUH
JDWHGWDX7KHFRPELQDWLRQRIWDXDQGDP\ORLGDJJUHJDWHVLQ0&,FDVHVLV
OLNHO\WREHWKHPDUNRISUHFOLQLFDO$'FDVHV,QWHUHVWLQJO\DPLQRWUXQFDWHG
DP\ORLGSHSWLGHVZHUHDOVRLGHQWL¿HGDVHDUO\DJJUHJDWHGSURGXFWV,Q/%'
SKRVSKRU\ODWHGYDULDQWVRIDOSKDV\QXFOHLQZHUHDOVRLGHQWL¿HGLQLQVROXEOH
IUDFWLRQV)XUWKHUPRUHVRPHDP\ORLGDJJUHJDWHVZHUHFRQVLVWHQWO\GHWHFWHG
LQVSRUDGLF/%'FDVHV
&RQFOXVLRQV7KH FODVVL¿FDWLRQ RI QHXURGHJHQHUDWLYH GLVRUGHUV DFFRUGLQJ
WR WKHLUPDMRUSURWHLQ DJJUHJDWHV LV OLNHO\ WREH WRR VLPSOLVWLF5HJDUGLQJ
DP\ORLGSDWKRORJ\LW LVV\VWHPDWLFDOO\IRXQGLQERWK$'DQG/%'7KHVH
GDWD VXJJHVW WKDW D G\VIXQFWLRQ LQ WKHPHWDEROLVPRI WKH DP\ORLG SUHFXU
VRU $33 OHDGLQJ WR DP\ORLG GHSRVLWLRQ PD\ WULJJHU QHXURQDO GHDWK LQ
GLIIHUHQW QHXURQDO VXESRSXODWLRQV FKDUDFWHUL]HG E\ WKHLU FRQWHQW LQ HLWKHU
WDXRU DOSKDV\QXFOHLQ7KXV$33G\VIXQFWLRQ LV DQ LPSRUWDQW ULVN IDFWRU
LQ$'DQG/%'PDNLQJRI$33DLQWHUHVWLQJWKHUDSHXWLFWDUJHWXVHIXOIRU
QHXURSURWHFWLRQ
5HIHUHQFHV
7ROQD\06HUJHDQW1*KHVWHP$&KDOERW6'H9RV5$-DQVHQ6WHXU(1
3UREVW$'HODFRXUWH$$UJ\URSKLOLFJUDLQGLVHDVHDQG$O]KHLPHUµV
GLVHDVHDUHGLVWLQJXLVKHGE\ WKHLUGLIIHUHQWGLVWULEXWLRQRI WDXSURWHLQ LVR
IRUPV$FWD1HXURSDWKRO
6HUJHDQW1%RPERLV6*KHVWHP$'UREHFT+.RVWDQMHYHFNL90LVVLDHQ
&:DWWH]$'DYLG-39DQPHFKHOHQ(6HUJKHUDHUW&'HODFRXUWH$
7UXQFDWHGEHWDDP\ORLGSHSWLGHVSHFLHVLQSUHFOLQLFDO$O]KHLPHUµVGLVHDVH
DVQHZWDUJHWVIRUWKHYDFFLQDWLRQDSSURDFK-1HXURFKHP
'HUDPHFRXUW9%RPERLV66HUJHDQW10DXUDJH&$*KHVWHP$'UREHFT
+9DQPHFKHOHQ(/HEHUW)3DVTXLHU)'HODFRXUWH$%LRFKHPLFDO
VWDJLQJRIDP\ORLGDQGV\QXFOHLQRSDWK\LQ$'DQG/%'WK LQWHUQDWLRQDO
FRQIHUHQFH$'3'6RUUHQWR,WDO\PDUV
6
&OLQLFDO1HXURSURWHRPLFVRI'HPHQWLDV
-HQV:LOWIDQJ
'HSWRI3V\FKLDWU\8QLYHUVLW\RI(UODQJHQ1XUHPEHUJ*HUPDQ\
3LRWU/HZF]XN-RKDQQHV.RUQKXEHU
2EMHFWLYHV&RQYHUJLQJHYLGHQFHLQGLFDWHVWKDWSURWHLQG\VFDWDEROLVPLVD
FRPPRQIHDWXUHRIWKHPRVWIUHTXHQWVSRUDGLFQHXURGHJHQHUDWLYHGLVRUGHUV
OLNH$O]KHLPHUV GLVHDVH $' DQG /HZ\ERG\ GHPHQWLD /%' 3URWHLQ
G\VFDWDEROLVPLQGHPHQWLDVJLYHVULVH WRD ODUJHSDQHORISRVWWUDQVODWLRQDO
PRGL¿FDWLRQVZKLFKUHVXOW LQGLVHDVHVSHFL¿FSURWHLQH[SUHVVLRQSDWWHUQV
8VLQJDWWRWRIHPWRPRODUVHQVLWLYHQHXURSURWHRPLFWRROVWKHVHSDWWHUQVFDQ
QRWRQO\EHDQDO\VHGLQSRVWPRUWHPEUDLQWLVVXHVEXWEHFRPHLQFUHDVLQJO\
DFFHVVLEOHLQKXPDQERG\ÀXLGVOLNHFHUHEURVSLQDOÀXLG&6)$FFRUGLQJ
O\QRYHOGLDJQRVWLFWDUJHWVFDQEHLGHQWL¿HGLQYLYRZKLFKLVPRVWLPSRUWDQW
IRUWKHLGHQWL¿FDWLRQRIQRYHOELRPDUNHUVRIHDUO\GHPHQWLD
0HWKRGV :H ZLOO GHPRQVWUDWH WKH DSSOLFDWLRQ RI WZRGLPHQVLRQDO GLI
IHUHQFH JHO HOHFWURSKRUHVLV ',*(70 VXUIDFH HQKDQFHG ODVHU GHVRUS
WLRQ LRQL]DWLRQ WLPH RI ÀLJKW PDVV VSHFWURPHWU\ 6(/',72) 06
ÀXRUHVFHQFH FRUUHODWLRQ VSHFWURVFRS\ )&6 WZRGLPHQVLRQDO XUHDEDVHG
$ȕ6'63$*(LPPXQREORW DQG PXOWLSOH[ GHPHQWLD ELRFKLSV WR LGHQWLI\
GLVHDVHVSHFL¿FH[SUHVVLRQSDWWHUQVLQSDWLHQWVZLWKHDUO\VWDJHVRI$'DQG
/%'0RUHRYHUZHDQDO\VHGDODUJHFRKRUWQ RISDWLHQWVZLWKPLOG
FRJQLWLYHLPSDLUPHQW0&,WRLGHQWLI\&6)ELRPDUNHUVIRUWKHSUHGLFWLRQ
RILQFLSLHQW$'
5HVXOWV:HKDYHLGHQWL¿HGGLVHDVHVSHFL¿FSURWHLQDQGSHSWLGHH[SUHVVLRQ
SDWWHUQVZKLFKLPSURYHWKHHDUO\DQGGLIIHUHQWLDOGLDJQRVLVRI$'DQG/%'
0RUHRYHURXUGDWDLQGLFDWHWKDWDPXOWLSDUDPHWULF&6)ELRPDUNHUDSSURDFK
FDQLGHQWLI\0&,SDWLHQWVDWULVNIRULQFLSLHQW$'
&RQFOXVLRQV &6) QHXURSURWHRPLFV GRHV VLJQL¿FDQWO\ FRQWULEXWH WR WKH
LPSURYHGGLDJQRVLVRIHDUO\VWDJHVRIGHPHQWLDVDQGIXUWKHUPHWKRGGHYHO
RSPHQWVZLOODOORZWRDQDO\VHGLVHDVHVSHFL¿FDOWHUDWLRQVRIEUDLQGHULYHG
SURWHLQVLQEORRG
.%52/$%'%.%2!4)6%¬$)3/2$%23¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
'HSUHVVLRQ,Q1HXURGHJHQHUDWLYH'LVRUGHUV
6
'HSUHVVLRQLQ3DUNLQVRQµV'LVHDVH
(ULN&K:ROWHUV
98PF'HSWRI1HXURORJ\$PVWHUGDP1HWKHUODQGV
3DUNLQVRQµVGLVHDVHLVFDXVHGE\DQDEQRUPDOGHJHQHUDWLRQRIWKHGRSDPLQH
'$ SURGXFLQJ FHOOV LQ WKH VXEVWDQWLD QLJUD $ DQG WR D OHVVHU H[WHQW
YHQWUDO WHJPHQWDO DUHD $ LQ FRPELQDWLRQ ZLWK D YDULDEOH GHJUHH RI
QRUDGUHQHUJLFVHURWRQHUJLFDQGFKROLQHUJLFGHFD\7KLVDEQRUPDOGHJHQHUD
WLRQUHVXOWVLQDPDUNHGGH¿FLHQF\RIGRSDPLQH'$LQWKHVWULDWXPWKH$
SURMHFWLRQDUHDDVZHOODVLQWKHSUHIURQWDOFRUWH[DQGOLPELFDUHDWKH$
SURMHFWLRQDUHDV
$OO3'SDWLHQWVVXIIHUVLJQL¿FDQWVWULDWDO'$GH¿FLHQF\LQGXFLQJRYHUWSDU
NLQVRQLVWLFV\PSWRPVGXHWRDGH¿FLHQWSURGXFWLRQRIDGHTXDWHQRQPRWRU
EHKDYLRU WR LQWHUQDO VWLPXOL IURP WKHPLOLHX LQWHUQGULYHVDQG LQVWLQFW WR
VXUYLYHLQFOXGLQJEUDG\NLQHVLDK\SRNLQHVLDULJLGLW\DQGWUHPRU
,QWKHSDWLHQWVZLWKDQFRPELQHGVWULDWDODQGFRUWLFROLPELF'$GH¿FLHQF\
WKHVHPRWRU V\PSWRPVPLJKW EH DFFRPSDQLHGE\PRRGGLVRUGHUV VXFK DV
DQ[LHW\ SDQLFDWWDFNV DQG GHSUHVVLRQ DVZHOO DV FRJQLWLYHH[HFXWLYH G\V
IXQFWLRQGXHWRSUREOHPVLQWKHSURGXFWLRQRIDGHTXDWHEHKDYLRUWRLQWHUQ
DVZHOODVH[WHUQFXHGRXWRIWKHH[WUDSHUVRQDOVSDFH
,QDGGLWLRQWRWKHVHPDQLIHVWDWLRQVVORZO\SURJUHVVLYHQRQPRWRUV\PSWRPV
VXFK DV PLOG RUWKRVWDWLF K\SRWHQVLRQ DQG SUREOHPV ZLWK PLFWXUDWLRQ DQG
SRWHQF\DVZHOODVPRRGDQGVOHHSGLVRUGHUVDQGVXEWOHFRJQLWLYHSUREOHPV
HYHQWXDOO\PD\HYROYHDVDUHVXOWRIQRUDGUHQHUJLFVHURWRQHUJLFFKROLQHUJLF
FRSDWKRORJ\ LQ 3DUNLQVRQµV GLVHDVH $V SUHGLFWDEOH HVSHFLDOO\ LQ WKH
SDWLHQWV VXIIHULQJ FRUWLFROLPELF GRSDPLQHGH¿FLHQF\ WKHVH GH¿FLWVPLJKW
LQGXFHPRUHVLJQL¿FDQWSUREOHPVLQPRRGDQGFRJQLWLYHIXQFWLRQV,QWKHVH
SDWLHQWVGXULQJDJHLQJ3'DVVRFLDWHGFKROLQHUJLFGHJHQHUDWLRQLQFRPELQD
WLRQZLWKDJHGHSHQGDQWFKROLQHUJLFGHJHQHUDWLRQPLJKWHYHQLQGXFHGHPHQ
WLDRIWHQLQFRPELQDWLRQZLWKSV\FKRWLFVLJQVDQGV\PSWRPV
,Q 3' SDWLHQWV WKHUHIRUH GHSUHVVLYH V\PSWRPV PD\ EH WKH UHVXOW RI
QRUDGUHQHUJLFVHURWRQHUJLFGH¿FLWVFRUWLFROLPELFGRSDPLQHGH¿FLHQF\DQG
DERYHDOOWKHFRPELQDWLRQRIERWK2QWKHRWKHUKDQGGHSUHVVLYHV\PSWRPV
PLJKWDOVREHLQGXFHGE\FRSLQJSUREOHPVDVVXJJHVWHGE\KLJKSUHYDOHQFH
UDWHVGXULQJWKH¿UVWVWDJHVRIWKHGLVHDVH%HWWHULQVLJKWLQWKHH[DFWFDXVHRI
GHSUHVVLRQLVHVVHQWLDOIRUDGHTXDWHWUHDWPHQW
6
3RVWPRUWHP6WXGLHVLQ'HSUHVVLRQ
'DQ5XMHVFX
/XGZLJ0D[LPLOLDQV8QLYHUVLW\0XQLFK'HSWRI3V\FKLDWU\
*HUPDQ\
+DQV-UJHQ0|OOHU3HWHU5LHGHUHU
$WWHPSWVWRWUDQVIHU¿QGLQJVJDLQHGLQDQLPDOH[SHULPHQWVWRKXPDQGHSUHV
VLRQKDYH UDLVHGGRXEW WKDW DOWHUHGPRQRDPLQHUJLFQHXURWUDQVPLVVLRQ FDQ
IXOO\H[SODLQWKHSDWKRELRORJ\RIGHSUHVVLRQ7KLVUHYLHZJLYHVDVXPPDU\
RISRVWPRUWHP¿QGLQJVLQDIIHFWLYHGLVRUGHUVZLWKUHJDUGWRQRQPRQRDP
LQHUJLFQHXURWUDQVPLWWHUV\VWHPVJOLDFHOOPDUNHUVFHOODGKHVLRQPROHFXOHV
DQGV\QDSWLFSURWHLQV2QO\UHODWLYHO\IHZSRVWPRUWHPVWXGLHVKDYHH[DP
LQHG WKHVHJHQHSURGXFWV LQDIIHFWLYHGLVRUGHUVDQGD V\VWHPDWLFDSSURDFK
WRJHWKHU ZLWK WKH DSSOLFDWLRQ RIPRGHUQ WHFKQLTXHVZLOO KRSHIXOO\ UHYHDO
XQH[SHFWHGDQGH[LWLQJ¿QGLQJVLQWKHQHDUIXWXUH
6
0XOWLIXQFWLRQDO1HXURSURWHFWLYH0$2,QKLELWRU\'UXJVZLWK
,URQ&KHODWLQJRU&KROLQHVWHUDVH,QKLELWRU\0RLHWLHVIRUWKH
7UHDWPHQWRI'HSUHVVLYH,OOQHVVLQ1HXURGHJHQHUDWLYH'LVHDVHV
0RXVVD%+<RXGLP
7HFKQLRQ5DSSDSRUW)DPLO\)DFXOW\RI0HGLFLQH(YH7RSIDQG
13)&HQWHUVDQG'HSDUWPHQWRI3KDUPDFRORJ\,VUDHO
+DLID,VUDHNO
2EMHFWLYHV 6LJQL¿FDQW SHUFHQWDJH RI VXEMHFWVZLWK$O]KHLPHU¶V DQG 3DU
NLQVRQ¶VGLVHDVHVVXIIHUIURPGHSUHVVLYHLOOQHVVLQDOOSURELOLW\DVDFRQVH
TXHQFHRIVHURWRQHUJLFDQGDGUHQHUJLFGHJHQHUDWLRQLQWKHUDSKH1DQGORFXV
FHRUXOHXV7KHSUHVHQWGUXJVHPSOR\HG IRU WKHVHQHXURORJLFDOGLVHDVHVGR
QRWKDYHDQWLGHSUHVVDQWDFWLYLW\:HKDYHQRZGHYHORSHGVHYHUDOPXOWLIXQF
WLRQDOGUXJVWKDWKDYHVKRZQDQWL$O]KHLPHU¶VDQGDQWL3DUMNLQVRQDVZHOODV
DQWLGHSUHVVDQWDFWLYLHVFDSDEOHRILQKELWLQJVHOHFWLHUYO\EUDLQPRQRDPLQH
R[LGDVH0$2$DQG%
0HWKRGV 7KH SUHVHQW &K(, GR QRW H[KLELW QHXURSURWHFWLYH DFWLYLW\ :H
KDYHGHYHORSHGVHYHUDOQRYHOPXOWLIXQFWLRQDOQHXURSURWHFWLYHGUXJVKDYLQJ
HLWKHU$&K(EUDLQ VHOHFWLYH0$2 LQKLELWRU\ DFWLYLW\ RU0$2 LQKLELWRU\
LURQFKHODWLQJSURSHUW\7KHVHFRPSRXQGVSRVVHVVSKDUPDFRSKRUHVRIRXU
QHXURSURWHFWLYHDQWL3DUNLQVRQ0$2%LQKLELWRUUDVDJLOLQH
5HVXOWV ODGRVWLJLO 1SURSDUJ\O5DPLQRLQGDQ\OHWK\O PHWK\O FDU
EDPDWHSUHVHQWO\ LQ3KDVH ,, VWXGLHVKDV WKH LQYLWURDQG LQYLYRQHXUR
SURWHFWLYHDFWLYLW\RIUDVDJLOLQHDQGLVDQLQKLELWRURIEXW\U\O%X&K(DQG
DFHW\O$&K(FKROLQHVWHUDVHZLWKDJUHDWHUSRWHQF\IRUWKHIRUPHU,W LQ
FUHDVHVEUDLQFKROLQHUJLFDFWLYLW\IRUDVLJQL¿FDQWO\ORQJHUSHULRGWKDQGRHV
ULYDVWLJPLQH ,WV EUDLQ VHOHFWLYH 0$2$% LQKLELWRU\ LQFUHDVHV GRSDPLQ
HUJLF VHURWRQHUJLF DQV QRUDGUHQHUJLF WUDQVPLVVLRQ DQG SUHYHQWV RI0373
QHXURWR[LFLW\LQPLFHPRGHORI3DUNLQVRQ¶VGLVHDVHDQGKDVDQWLGHSUHVVDQW
DFWLYLW\LQIRUFHGVZLPWHVWODGRVWLJLOKDVOLPLWHGW\UDPLQHFDUGLRYDVFXODU
SRWHQWLDWLRQ+/$DQG0DUHGHULYDWLYHVRILURQFKHODWRU9.7KH\
LQKLELWVHOHFWLYHO\EUDLQ0$2$%DQGQRWOLYHUDQGVPDOOLQWHVWLQHUHVSHF
WLYHO\7KH\UDLVHWKHEUDLQOHYHORIWKHWKUHHDPLQHQHXURWUDQVPLWWHUV7KH
0$2LQKLELWRU\DFWLYLW\LVQRWFRQWULEXWRU\WRWKHQHXURSURWHFWLYHDFWLYLWLHV
RIWKHVHFRPSRXQGV*HQRPLFDQGSURWHRPLFSUR¿OLQJKDYHHVWDEOLVKHGWKDW
WKHQHXURSURWHFWLYHDFWLYLW\RIWKHVHSURSDUJ\ODPLQHVGRZQUHJXODWHV)$6
OLJDQGUHFHSWRU%DGDQG%D[DQGDFWLYDWHVDQWLDSRSWRWLF%FO%FO[ODQG
$NW SKRVSKRU\ODWLRQ VXJJHVWLQJ DQ LQWHUDFWLRQZLWKPLWRFKRQGULDO SHUPH
DELOLW\WUDQVLWLRQSRUH037S
&RQFOXVLRQV :H EHOLHYH WKDW WKHVH QRYHO PXOWLIXQFWLRQ QHXURSURWHFWLYH
GUXJV PD\ KDYH D EHWWHU WUHDWPHQW SUR¿OH LQ QHXURGHJHQHUDWLYH GLVHDVHV
ZKHUH GHSUHVVLYH LOOQHVV LV DVVRFLDWHGZLWK WKHP UDWKHU WKDQ SRO\SKDUPD
FLRORJ\
6
'HSUHVVLRQDQG3DUNLQVRQ¶V'LVHDVH
*HUG/DX[
'LVWULFW+RVSLWDO*DEHUVHH:DVVHUEXUJ*HUPDQ\
'HSUHVVLRQKDVEHHQDVVRFLDWHGZLWK3DUNLQVRQ¶V'LVHDVH3'LQ
RISDWLHQWVDSSUR[IXO¿OOLQJFULWHULD IRUDPDMRUGHSUHVVLYHHSLVRGH
ZKLFKPD\SUHFHGHWKHRQVHWRIPRWRULFDEQRUPDOLWLHVRUHYROYHODWHULQWKH
FRXUVHRIWKHLOOQHVV
'HSUHVVLRQFDQQRWEHDWWULEXWHGVROHO\WRSK\VLFDORUFRJQLWLYHGLVDELOLW\DQG
VHHPVWREHXQGHUGLDJQRVHGDQGXQGHUWUHDWHGLQ3'HVSHFLDOO\
5HJDUGLQJ WUHDWPHQW ZLWK DQWLGHSUHVVDQWV FRQWUROOHG VWXGLHV IXO¿OOLQJ WKH
VWDQGDUGVRIHYLGHQFHEDVHGPHGLFLQHDUH UDUH7ULF\FOLFVVR IDUDSSHDU WR
EH HIIHFWLYH GXH WR WKHLU DQWLFKROLQHUJLF VLGH HIIHFWV LQFOXGLQJ LQFUHDVHG
ULVN IRU GHOLULXPDQG UHGXFHG FRJQLWLYH IXQFWLRQ665,V DUH FRQVLGHUHG DV
¿UVW OLQH WKHUDS\6LGHHIIHFWV OLNHGHFUHDVHGPRWRU IXQFWLRQDQGDJLWDWLRQ
KDYHEHHQ UHSRUWHG KRZHYHU1HZGRSDPLQH DJRQLVWV VHHP WR KDYH DQWL
GHSUHVVLYHSURSHUWLHVZKLFK¿WV WKHK\SRWKHVLV WKDW WKHG\VIXQFWLRQRI WKH
PHVROLPELFGRSDPLQHUJLFV\VWHPLVDVVRFLDWHGZLWKGHSUHVVLYHV\PSWRPV
1RUHSLQHSKULQHUHXSWDNHLQKLELWRUV615,PD\EHDWKHUDSHXWLFRSWLRQDF
FRUGLQJWRFDVHUHSRUWVDQRSHQVWXG\DQGRQJRLQJFRQWUROOHGWULDOV
5HIHUHQFHV
%XUQ'- 'HSUHVVLRQ LQ3DUNLQVRQ¶VGLVHDVH(XU -1HXURO VXSSO

/DQH50665,LQGXFHGH[WUDS\UDPLGDOVLGHHIIHFWVDQGDNDWKLVLD
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
LPSOLFDWLRQVIRUWUHDWPHQW-3V\FKRSKDUPDFRO
/HPNH05(IIHFWRIUHER[HWLQHRQGHSUHVVLRQLQ3DUNLQVRQ¶VGLVHDVH
SDWLHQWV-&OLQ3V\FKLDWU\
0OOHU7 0RRG GLVRUGHUV LQ HDUO\ 3DUNLQVRQ¶V GLVHDVH &XUU2SLQ
3V\FKLDWU\
1LOVVRQ)03V\FKLDWULFDQGFRJQLWLYHGLVRUGHUVLQ3DUNLQVRQ¶VGLV
HDVH&XUU2SLQ3V\FKLDWU\
5HNWRURYD,5HNWRU,%DUHV0HWDO3UDPLSH[ROHDQGSHUJROLGHLQ
WKH WUHDWPHQW RI GHSUHVVLRQ LQ3DUNLQVRQ¶V GLVHDVH D QDWLRQDOPXOWLFHQWUH
SURVSHFWLYHUDQGRPL]HGVWXG\(XU-1HXURO
6
(OHFWURSK\VLRORJLFDO1HXURLPDJLQJLQ'HPHQWLDDQG
'HSUHVVLRQ
%HUQG6DOHWX
'HSDUWPHQWRI3V\FKLDWU\0HGLFDO8QLYHUVLW\RI9LHQQD$XVWULD
3HWHU$QGHUHU*HUGD6DOHWX=\KODU]
2EMHFWLYHV4XDQWLWDWLYHHOHFWURHQFHSKDORJUDSKLF((*DQDO\VLVPHWKRGV
VXFKDV WKHGLPHQVLRQDO((*PDSSLQJDQGWKHUHFHQWO\GHYHORSHGGL
PHQVLRQDO((* WRPRJUDSK\ VXFKDV ORZUHVROXWLRQEUDLQHOHFWURPDJQHWLF
WRPRJUDSK\/25(7$KDYHEHFRPHLPSRUWDQWWRROVIRUGLDJQRVLVGLIIHU
HQWLDOGLDJQRVLVDQGWUHDWPHQWRIGHPHQWLDDQGGHSUHVVLRQ
0HWKRGV((*DQDO\VHVLQFOXGHGDPLQYLJLODQFHFRQWUROOHGDQGDPLQ
UHVWLQJUHFRUGLQJHYHQWUHODWHGSRWHQWLDOV(53VZHUHREWDLQHGLQDPLQ
DXGLWRU\RGGEDOOSDUDGLJP
5HVXOWV((*PDSSLQJGHPRQVWUDWHGLQERWKWKHGHJHQHUDWLYHDQGYDVFXODU
VXEW\SHVRIGHPHQWLDDQ LQFUHDVH LQ WRWDO DEVROXWHGHOWDDQG WKHWDSRZHU
IXUWKHUDQLQFUHDVHLQUHODWLYHGHOWDWKHWDGHFUHDVHLQDOSKDDQGEHWDSRZHU
DV ZHOO DV DQ DFFHOHUDWLRQ RI WKH GHOWDWKHWD DQG D VORZLQJ RI WKH DOSKD
EHWDDQGWRWDOFHQWURLG7KXVERWKVXEW\SHVRIGHPHQWLDVKRZDYLJLODQFH
GHFUHPHQW ZLWK GLIIHUHQFHV EHWZHHQ WKHP UDWKHU O\LQJ LQ WKH DV\PPHWU\
LQGLFHV DQG GLIIHUHQFHV EHWZHHQ WKHPLQLPDO DQGPD[LPDO SRZHU8WLOL]
LQJ QHXURQDO QHWZRUN VWDWLVWLFV RI DEVROXWH GHOWDWKHWD SRZHU RI GH
PHQWHGSDWLHQWVZHUHFRUUHFWO\FODVVL¿HGDVFRPSDUHGZLWKQRUPDOO\DJLQJ
VXEMHFWV &RUUHODWLRQ PDSV UHJDUGLQJ WKH UHODWLRQVKLS EHWZHHQ FRPSXWHG
WRPRJUDSK\ FOLQLFDO SV\FKRPHWULF DQG ((* YDULDEOHV GHPRQVWUDWHG WKH
OHVV FRUWLFDO GHQVLW\ WKHZLGHU WKH &)6 VSDFHV LQ WKH &7 WKH KLJKHU WKH
YLJLODQFH GHFUHPHQWZKLFK LQ WXUQZDV FRUUHODWHGZLWK D GHWHULRUDWLRQ LQ
SV\FKRSDWKRORJLFDOPHDVXUHVVXFKDV WKH006DQGWKH6&$*VFRUHVDQG
SV\FKRPHWULFSHUIRUPDQFH$QWLGHPHQWLDQRRWURSLFDQGFRJQLWLRQHQKDQF
LQJGUXJVLQGXFHDVFRPSDUHGZLWKSODFHERRSSRVLWHFKDQJHVWRWKHDERYH
GHVFULEHGRQHV(53¿QGLQJVDUHPRVWO\FKDUDFWHUL]HGE\DOHQJWKHQLQJRI
WKH3ODWHQF\
((* PDSSLQJ LQ GHSUHVVLRQ RQ WKH RWKHU KDQG ZDV FKDUDFWHUL]HG E\ D
GHFUHDVH LQDEVROXWHSRZHU LQDOO IUHTXHQF\EDQGVD WHQGHQF\ WRZDUGVDQ
DXJPHQWDWLRQRIUHODWLYHGHOWDWKHWDDQGEHWDDQGDGHFUHDVHLQDOSKDDFWLYLW\
DVZHOODVD VORZLQJRI WKHGHOWDWKHWDFHQWURLGDQGDQDFFHOHUDWLRQRI WKH
DOSKD DQG EHWD FHQWURLG 3KDUPDFR((*PDSV RI DQWLGHSUHVVDQWVPD\ EH
VXEGLYLGHGLQWRWKRVHRIWKHVHGDWLYHDQGQRQVHGDWLYHVXEW\SH,Q(53VDQ
DPSOLWXGHDWWHQXDWLRQRI3LVWKHPRVWFRQVLVWHQW¿QGLQJPRVWO\LQWKH
SUHIURQWDO DUHDV /25(7$ UHYHDOHG D GHFUHDVH LQ WKHWD SRZHUZKLFKZDV
QHJDWLYHO\FRUUHODWHGZLWKWKH+DPLOWRQ'HSUHVVLRQ6FRUHVLJQL¿FDQWO\LQ
WKH YHQWURPHGLDO SUHIURQWDO FRUWH[ WKH ELODWHUDO DQWHULRU FLQJXODWH J\UXV
DVZHOODV WKHOHIW LQVXODUFRUWH[$OSKD/25(7$SRZHUZDVQHJDWLYHO\
FRUUHODWHGZLWK WKH+$0'LQ WKH ULJKWSUHIURQWDOFRUWH[0RUHRYHU3
VRXUFH VWUHQJWKZDV UHGXFHG LQ WKH WHPSRUDO YHQWURODWHUDO DQG RUELWRSUH
IURQWDOUHJLRQDVZHOODVWKHURVWUDO$&&$QWLGHSUHVVDQWV OLNHFLWDORSUDP
DQGDGHPHWLRQLQHLQGXFHGDVFRPSDUHGZLWKSODFHERRSSRVLWHFKDQJHVLQ
WKHDIRUHPHQWLRQHGUHJLRQV
&RQFOXVLRQV,WZDVRIVSHFL¿FLQWHUHVWWKDWDQWLGHSUHVVDQWLQGXFHGFKDQJHV
ZHUH VHHQ LQ WKH VDPH UHJLRQV DV GHVFULEHG E\ 3(7 ¿QGLQJV FRQ¿UPLQJ
D UHFLSURFDO OLPELFFRUWLFDO IXQFWLRQDO UHODWLRQVKLS DQG PRRG ((*(53
WRSRJUDSK\DQGWRPRJUDSK\DUHYDOXDEOHWHFKQLTXHVWRDVVHVVHOHFWURSK\VLR
ORJLFDOFKDQJHVLQGHPHQWLDDQGGHSUHVVLRQDQGPD\DOVRVHUYHDVSURJQRVWLF
LQVWUXPHQWVLQFKRRVLQJWKHRSWLPDOGUXJWUHDWPHQWIRUDVSHFL¿FSDWLHQW
6
(SLGHPLRORJ\RI0HQWDO'LVRUGHUVLQ2OG3HRSOH
6
1R$EVWUDFW5HFHLYHG
.XD
6LQJDSRUH
6
$QWL2[LGDQWVDQG&RJQLWLYH)XQFWLRQ$5HYLHZRI&OLQLFDO
DQG(SLGHPLRORJLF6WXGLHV
-D\DQWKL0DQLDP
6FKRRORI+HDOWK6FLHQFHV8QLYHUVLW\&ROOHJHRI7HFKQRORJ\DQG
0DQDJHPHQW0DOD\VLD
6DURMD.ULVKQDVZDP\
2EMHFWLYHV 7R FRPSDUH WKH HSLGHPLRORJ\ VWXGLHV DQG FOLQLFDO WULDO RQ
DQWLR[LGDQWDQGFRJQLWLYHIXQFWLRQLQD0DOD\VLDQSRSXODWLRQFRPSDUHGWR
HOVHZKHUH
0HWKRGV&OLQLFDOWULDORQDFRKRUWRIHOGHUO\0DOD\VLDQDJHGDQGDERYH
LQFRPPXQLW\ZLOOEHFRPSDUHGZLWK WULDOV IURP(XURSH$VLDQ$XVWUDOLD
DQG86$7KHUHYLHZRIPHWKRGVLQELRFKHPLFDODQGQHXURSV\FKLDWU\WHVWV
DSSOLHGZLOOEHLQFOXGHG
5HVXOWV ,Q WKLV SUHVHQWDWLRQ WKH UHGR[PHFKDQLVPV WKURXJK ZKLFK DQWL
R[LGDQWVERWKH[WUDFHOOXODUVDQGLQWUDFHOOXODUVFRXOGPRGXODWHFHOOXODUOLIHLQ
WKHEUDLQZLOOEHEULHÀ\GLVFXVVHG(SLGHPLRORJLFVWXGLHVWKDWGHVFULEHWKH
UHODWLRQRIVHOHFWHGGLHWDU\QXWULHQWVWRFRJQLWLYHLPSDLUPHQWDQGGHPHQWLD
ZLOOEHUHYLHZHG,QSDUWLFXODUUHFHQWUHVXOWVIURPWKHDQDO\VHVRIFRPPX
QLW\EDVHGGRXEOHPDVNHGFOLQLFDO WULDORQDOSKDWRFRSKHUROVXSSOHPHQWLQ
DFRKRUWRIHOGHUO\0DOD\VLDQVZLOOEHSUHVHQWHGDQGFRPSDUHGWRWKHPRVW
UHFHQWWULDOVHOVHZKHUH
&RQFOXVLRQV7KLVUHYLHZZLOOSURYLGHDPL[HGSLFWXUHFRQFHUQLQJWKHUHOD
WLRQRIDQWLR[LGDQWVDQGFRJQLWLYHIXQFWLRQDPRQJHOGHUO\VXEMHFWV
6
1R$EVWUDFW5HFHLYHG
%\RXQJ+RRQ2K
5HSXEOLFRI.RUHD
6
1R$EVWUDFW5HFHLYHG
-RKQ&RSHODQG
8.
6
(YLGHQFH%DVHG'HPHQWLD:RUN8SWKH5ROHRI
1HXURLPDJLQJ
6
(YLGHQFH%DVHG'HPHQWLD:RUN8S±7KH5ROHRI05,
/DUV2ORI:DKOXQG
1HXURWHF'HSDUWPHQW.DUROLQVND,QVWLWXWHW.DUROLQVND8QLYHUVLW\
+RVSLWDO6WRFNKROP6ZHGHQ
%DFNJURXQG6WUXFWXUDOQHXURLPDJLQJKDVVLQFHPDQ\\HDUVEHHQXVHGDVD
URXWLQHLQWKHGHPHQWLDZRUNXS7KHSXUSRVHKDVEHHQWRH[FOXGHDPRQJ
PDQ\WKLQJVSDFHRFFXS\LQJGLVHDVHVLQWKHEUDLQ5HFHQW\HDUVVWUXFWXUDO
QHXURLPDJLQJHJ&7DQG05,KDYHDOVREHHQXVHGWRGLIIHUHQWLDWHEHWZHHQ
GHPHQWLD GLVRUGHUV OLNH$O]KHLPHUV GLVHDVH IURQWRWHPSRUDO GHJHQHUDWLRQ
DQG YDVFXODU GHPHQWLD 0DJQHWLF UHVRQDQFH LPDJLQJ KDV LPSURYHG GLDJ
QRVWLF FDSDFLW\GXH WR LWV SRWHQWLDO LQ GHWHFWLQJZKLWHPDWWHU FKDQJHV DQG
UHJLRQDO FHUHEUDO DWURSK\ LQ PHGLDO WHPSRUDO OREHV ,Q FOLQLFDO SUDFWLFH
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
KRZHYHU WKLVNQRZOHGJH LV VHOGRPXVHGPDLQO\GXH WRXQFHUWDLQW\ LQ LWV
GLDJQRVWLF FDSDFLW\ ,Q  WKH 6ZHGLVK&RXQFLO RQ7HFKQRORJ\$VVHVV
PHQWLQ+HDOWK&DUHLQLWLDWHGDSURMHFWZKHUHHYDOXDWLRQRIGLDJQRVWLFWRROV
LQGHPHQWLDZRUNXSZDVSHUIRUPHG$VDSDUWRIWKLVHYDOXDWLRQVWUXFWXUDO
QHXURLPDJLQJZDVVWXGLHG:RUGOLWHUDWXUHSXEOLVKHGVLQFHXQWLO
ZDV VHDUFK IRU DQG HYDOXDWHG DFFRUGLQJ WR FHUWDLQ TXDOLW\ FULWHULD 7KH
GLDJQRVWLF DFFXUDF\ ZDV HYDOXDWHG XVLQJ VHQVLWLYLW\ DQG VSHFL¿FLW\ DQG
WKHLUFRPELQDWLRQLQ³SRVLWLYHOLNHOLKRRGUDWLRV´/57KHUHVXOWRIWKLV
HYLGHQFHEDVHGUHVHDUFKZLOOEHSUHVHQWHGDVZHOODVDFRPSDULVRQWRRWKHU
VLPLODUHYDOXDWLRQVRIGLDJQRVWLFWRROV
5HVXOWV7KHKLJKHVW/5YDOXHVZHUHIRXQGLQVSHFLDOL]HGVHWWLQJVZKHUH
/5YDOXHVDERYHZHUHJHQHUDOO\IRXQG7KHUHZHUHIHZVWXGLHVRQSRSX
ODWLRQEDVHGVDPOHVDQGWKRVHKDGJHQHUDOO\PXFKORZHU/5YDOXHV
&RQFOXVLRQV05,DQG&7DVPHWKRGVIRUHYDOXDWLQJPHGLDOWHPSRUDOOREH
DWURSK\FRQWULEXWHVWRWKHGLDJQRVWLFFDSDFLW\LQKLJKO\VSHFLDOL]HGGHPHQWLD
ZRUNXS VHWWLQJV7KHHYLGHQFH IRU WKHUHXVHIXOQHVV LQ*3VHWWLQJV LV OHVV
HYDOXDWHG
6
7KH5ROHRI)XQFWLRQDO0DJQHWLF5HVRQDQFH,PDJLQJI05,
LQ(DUO\'LDJQRVLVRI'HPHQWLD
7KRPDV'LHUNV
8QLYHUVLW\+RVSLWDORI&OLQLFDO3V\FKLDWU\'HSDUWPHQWRI3V\FKL
DWULF1HXURSK\VLRORJ\:DOGDX&+%HUQ6ZLW]HUODQG
3DWUL]LD9DQQLQL2YH$OPNYLVW&OHPHQ]0HQ]L
/DUV2ORI:DKOXQG
2EMHFWLYHV)XQFWLRQDOLPDJLQJPRGDOLWLHVOLNHIXQFWLRQDO0DJQHWLF5HVR
QDQFH ,PDJLQJ I05, KDV JUHDWO\ LQFUHDVHG RXU DELOLW\ IRU VWXG\LQJ GLV
HDVHUHODWHGFKDQJHVLQEUDLQIXQFWLRQDQGWRSURYLGHLQVLJKWLQWRWKHRULJLQV
RI SDWKRORJLFDO EUDLQ G\VIXQFWLRQ LQ GHPHQWLD:KHUHDV%2/'I05, DUH
OLPLWHGWRWKHDVVHVVPHQWRIFHUHEUDOEORRGÀRZ&%)FKDQJHVUHODWHGWR
WDVNSURFHVVLQJI05,XVLQJDUWHULDOVSLQODEHOOLQJ$6/DGGLWLRQDOO\DOORZV
WRDVVHVVUHVWLQJFHUHEUDOPHWDEROLVP
0HWKRGV ,Q WKH IROORZLQJ VWXG\ &%) E\ XVLQJ %2/'I05,  7HVOD
UHODWHGWRYLVXRVSDWLDOSURFHVVLQJHYHQWUHODWHGGHVLJQFORFNWDVN>9DQQLQL
HWDO@ZDVLQYHVWLJDWHGLQ\RXQJDQGHOGHUO\KHDOWK\VXEMHFWVDVZHOO
DVLQSDWLHQWVVXIIHULQJIURP$O]KHLPHU¶VGHPHQWLD$'7KHEHKDYLRXUDO
SDUDPHWHUVUHDFWLRQWLPH57DQGDFFXUDF\RIWDVNSURFHVVLQJZDVDVVHVVHG
VLPXOWDQHRXV
5HVXOWV,QDOOJURXSVZHFRXOGGHVFULEHDQLQFUHDVHG&%)%2/'VLJQDO
LQWKHVXSHULRUSDULHWDOOREH63/ELODWHUDOO\ZLWKLQFUHDVLQJWDVNGLI¿FXOW\
LQFUHDVHG57+RZHYHUZLWKLQFUHDVLQJDJHWKHLQFUHDVHRI&%)ZDVOHVV
SURQRXQFHGZLWK LQFUHDVLQJ WDVNGLI¿FXOW\DQGHYHQ OHVVSURQRXQFHGZLWK
PRUHPDQLIHVW FRJQLWLYHGLVWXUEDQFHV LQ$'SDWLHQWV0RUHRYHU WKHYDUL
DQFHDURXQGWKHUHJUHVVLRQ OLQHEHWZHHQWDVNGLI¿FXOW\DQG&%)VHHPVWR
EHLQFUHDVHGLQWKHSDWLHQWJURXSFRPSDUHGWRWKHKHDOWK\JURXSV,QKHDOWK\
VXEMHFWV WKHSURGXFWRISURFHVVLQJ WLPH 57DQG%2/'VLJQDODPSOLWXGH
ZDVFRQVWDQW
&RQFOXVLRQV7KHIDFWWKDWWKHSURGXFWRI%2/'VLJQDODQGSURFHVVLQJWLPH
ZDVIRXQGWREHFRQVWDQWDFURVVDJHIRUHDFKFORFNFDWHJRU\LQKHDOWK\VXE
MHFWVVXJJHVWWKDWWKHVDPHWRWDOEUDLQDFWLYLW\LVREVHUYHGLQDVSHHGHI¿FLHQW
QHWZRUNZKHQPDQ\QHXURQVDUHRSHUDWLQJ IRUD VKRUWHU WLPHDV LQD OHVV
VSHHGHI¿FLHQWQHWZRUNZKLFKRSHUDWHVIRUDORQJHUWLPH7KLVVHHPVWREH
YDOLGIRURQHWDVNGHPDQGFDWHJRU\VLQFHDVWKHWDVNEHFRPHVPRUHGLI¿FXOW
LQFUHDVHG WDVNGHPDQG WKHUHZDV DQ LQFUHDVH LQ WRWDO EUDLQ DFWLYLW\7KH
DOWHUDWLRQVIRXQGLQHOGHUO\VXEMHFWVDQGLQSDWLHQWVZLWKFRJQLWLYHLPSDLU
PHQWPD\DOVRUHÀHFWDQDOWHUDWLRQLQWKHYDVFXODUUHJXODWRU\PHFKDQLVPV
WKDW LV DQ LPSDLUPHQW RI WKH EUDLQV DELOLW\ WR SURYLGH VXI¿FLHQW ÀRZ WR
DFWLYHUHJLRQV7KXVWKHDWWHQXDWLRQVLQ&%)FRXOGERWKUHÀHFWYDVFXODUG\V
UHJXODWLRQDVZHOODVLPSDLUHGQHXURQDOIXQFWLRQRUDFRPELQDWLRQRIERWK
$GGLWLRQDOLQIRUPDWLRQDERXWQRQWDVNUHODWHGUHVWLQJ&%)JDLQHGE\HJ
$6/I05,PD\XQWDQJOHWKHGLIIHUHQWLDOFRQWULEXWLRQVRIERWKFRPSRQHQWV
$GDSWDWLRQ WRQHXURQDO G\VIXQFWLRQPD\EH DFKLHYHGE\G\QDPLF UHFUXLW
PHQW RI DGGLWLRQDO FRPSRQHQWV LQWR WKH ODUJHVFDOH QHWZRUN HJ IURQWDO
EUDLQDUHDVDQGRUE\FRPRGXODWLRQRIWKHDFWLYDWLRQLQWKHQHWZRUNLH
OHIW63/7KHVHIDFWVPXVWEHFRQVLGHUHGZKHQHYDOXDWLQJWKHUROHRII05,
GDWDLQHDUO\GLDJQRVLVGHPHQWLD
5HIHUHQFHV
9DQQLQL3$OPNYLVW2)UDQFN$-RQVVRQ79ROSH8.ULVWRIIHUVHQ:LEHUJ
0:DKOXQG/2'LHUNV71HXURLPDJH
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:KLWH0DWWHU&KDQJHVLQ'HPHQWLD'RWKH\&RQWULEXWHWR
'HPHQWLD:RUN8S
5HLQKROG6FKPLGW
'HSDUWPHQWRI1HXURORJ\0HGLFDO8QLYHUVLW\*UD]$XVWULD
2EMHFWLYHV3URYLGHDUHYLHZRQDWKHDVVRFLDWLRQEHWZHHQFHUHEUDOZKLWH
PDWWHUFKDQJHVDQGFRJQLWLYHG\VIXQFWLRQLQWKHHOGHUO\EWKHUROHRIZKLWH
PDWWHUOHVLRQDVVHVVPHQWLQWKHZRUNXSRIGHPHQWLDDQGFWKHSRWHQWLDORI
ZKLWHPDWWHUFKDQJHVDVVXUURJDWHPDUNHUVLQYDVFXODUGHPHQWLDWULDOV
0HWKRGV 6XUYH\ RI OLWHUDWXUH DQG SUHVHQWDWLRQ RI GDWD RI WKH $XVWULDQ
6WURNH3UHYHQWLRQ6WXG\
5HVXOWV'HVSLWHWKHIDFWWKDWH[WHQVLYHZKLWHPDWWHUFKDQJHVDUHFRQVLGHUHG
WREHD05,FULWHULRQIRUWKHGLDJQRVLVRIYDVFXODUGHPHQWLDWKHUHH[LVWFRQ
WURYHUVLDO¿QGLQJVDVWRWKHDVVRFLDWLRQRIWKHVHFRPPRQEUDLQDEQRUPDOLWLHV
DQGFRJQLWLYHG\VIXQFWLRQ&OLQLFLDQVDUHFRPPRQO\FRQIURQWHGZLWKFDVHV
WKDWKDYHH[WHQVLYHZKLWHPDWWHUOHVLRQVEXWYLUWXDOO\QRUPDOFRJQLWLYHIXQF
WLRQV,QFRQWUDVWRWKHUSHUVRQVZLWKWKHVDPHH[WHQWRIOHVLRQVPD\H[KLELW
SURQRXQFHGGH¿FLWV1RQHWKHOHVVZKHQFRPSDULQJVXEMHFWVZLWKDQGZLWK
RXWZKLWHPDWWHUDEQRUPDOLWLHVWKRVHZLWKDEQRUPDOEUDLQ05,VGHPRQVWUDWH
SRRUHUSHUIRUPDQFHRQWHVWRIH[HFXWLYHIXQFWLRQDQGVSHHGZKLOHWKHUHH[LVW
RQO\PLQRU GLIIHUHQFHV LQ WHUPV RIPHPRU\ SHUIRUPDQFH 6XFKPRGHUDWH
DVVRFLDWLRQVKDYHEHHQUHSHDWHGO\GHVFULEHGLQFURVVVHFWLRQDOVWXGLHVEXW
FRXOG QRW \HW EH VKRZQ LQ ORQJLWXGLQDO LQYHVWLJDWLRQV )LUVW VWXGLHV XVLQJ
QHZ05, WHFKQLTXHV VXFK DV GLIIXVLRQ WHQVRU LPDJLQJ DQGPDJQHWLVDWLRQ
WUDQVIHULPDJLQJSURPLVHWRFKDUDFWHULVHZKLWHPDWWHUOHVLRQVOHVLRQVEH\RQG
ZKDW FDQ EH H[SHFWHG IURP FRQYHQWLRQDO05, VHTXHQFHV7KHVHPHWKRGV
KDYHWKHSRWHQWLDOWRGHPRQVWUDWHLQWHUUXSWLRQVRIZKLWHPDWWHU¿EUHWUDFNV
WRGHWHUPLQHWKHVHYHULW\RIWLVVXHGHVWUXFWLRQDQGD[RQDOGDPDJHLQWKHDUHD
RIDJLYHQOHVLRQEXWDOVRLQQRUPDODSSHDULQJZKLWHPDWWHU$WWKLVSRLQWGDWD
VXJJHVW WKDWZKLWHPDWWHU OHVLRQVDUHSKHQRPHQDRIYDVFXODURULJLQGXHWR
VPDOOYHVVHOFKDQJHVRFFXUULQJLQFHUHEURYDVFXODUEXWDOVRSULPDU\GHJHQ
HUDWLYHSURFHVVHV DQG WKDW WKH\FRQWULEXWH WR VSHFL¿FFRJQLWLYHPDQLIHVWD
WLRQV EXW QRW WR JOREDO FRJQLWLYH LPSDLUPHQW<HW FRQÀXHQWZKLWHPDWWHU
OHVLRQVVKRZUDSLGSURJUHVVLRQDQGWKHLUXVHDVDVXUURJDWHPDUNHUWRVWXG\
GLVHDVHDFWLYLW\DQGWKHUDSHXWLFHIIHFWVLQVXEFRUWLFDOYDVFXODUGHPHQWLDKDV
EHHQSURSRVHG6RIDUWKH\FDQQRWEHDVVXPHGWREHDYDOLGDWHGVXUURJDWH
HQGSRLQWKRZHYHU
&RQFOXVLRQV:KLWHPDWWHU OHVLRQVFRUUHODWHPRGHVWO\ WR IURQWDOFRJQLWLYH
IXQFWLRQVLQHOGHUO\VXEMHFWVZLWKDQGZLWKRXWGHPHQWLD7KHOHVLRQVFRP
PRQO\FRQWULEXWHWRWKHPDQLIHVWDWLRQRIFRJQLWLYHLPSDLUPHQWEXWDUHVHO
GRPO\UHVSRQVLEOHIRUWKHIXOOVSHFWUXPRIWKHFRJQLWLYHG\VIXQFWLRQ5DSLG
SURJUHVVLRQRIFRQÀXHQWFKDQJHVKROGVSURPLVHWKDWWKHVHDEQRUPDOLWLHVFDQ
EHXVHGDVVXUURJDWHPDUNHUVLQGHPHQWLDWULDOV
5HIHUHQFHV
3DQWRQL/DQG-*DUFLD7KHVLJQL¿FDQFHRIFHUHEUDOZKLWHPDWWHU
DEQRUPDOLWLHV  \HDUV DIWHU %LQVZDQJHUµV UHSRUW D UHYLHZ 6WURNH 

6FKPLGW56FKHOWHQV3K(UNLQMXQWWL7HWDO:KLWHPDWWHUOHVLRQSURJUHV
VLRQ$VXUURJDWHHQGSRLQWIRUWULDOVLQFHUHEUDOVPDOOYHVVHOGLVHDVH1HXURO
RJ\
6
(YLGHQFH%DVHG'HPHQWLD:RUN8S±7KH5ROHRI63(&7
$QQH5LWDgNVHQJnUG
1HXURWHF'HSDUWPHQW.DUROLQVND,QVWLWXWHW.DUROLQVND8QLYHUVLW\
+RVSLWDO6WRFNKROP6ZHGHQ
%DFNJURXQG)XQFWLRQDOQHXURLPDJLQJDV63(&76LQJOH3KRWRQ(PLVVLRQ
&RPSXWHU7RPRJUDSK\ KDV VLQFHPDQ\ \HDUV EHHQ XVHG LQ WKH GHPHQWLD
ZRUNXS DV D VXSSOHPHQW WR VWUXFWXUDO LPDJLQJ WHFKQLTXHV 7KH SXUSRVH
KDVEHHQ WRYLVXDOL]HDQGPHDVXUH WKHFHUHEUDOSHUIXVLRQDQGPHWDEROLVP
,QGLDJQRVLQJGHPHQWLDDQGHVSHFLDOO\$O]KHLPHU¶VGLVHDVH$'WKHPDLQ
IRFXVKDVEHHQWRHYDOXDWHWKHUHJLRQDOFHUHEUDOEORRGÀRZU&%)LQWKHSD
ULHWRWHPSRUDOFRUWH[%RWKYLVXDODQGFRPSXWHUEDVHGHYDOXDWLRQPHWKRGV
KDYHEHHQXVHG ,Q WKH6ZHGLVK&RXQFLORQ7HFKQRORJ\$VVHVVPHQW
LQ+HDOWK&DUH LQLWLDWHG D SURMHFWZKHUH HYDOXDWLRQ RI GLDJQRVWLF WRROV LQ
GHPHQWLDZRUNXSZDVSHUIRUPHG$VDSDUWRIWKLVHYDOXDWLRQ63(&7ZDV
VWXGLHG6HDUFKLQJDQGHYDOXDWLQJWKHZRUGOLWHUDWXUHSXEOLVKHGVLQFH
XQWLORQO\DUWLFOHVRQ63(&7ZHUH IRXQG WRPHHWFHUWDLQTXDOLW\
.%52/$%'%.%2!4)6%¬$)3/2$%23¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
FULWHULD7KHGLDJQRVWLFDFFXUDF\ZDVHYDOXDWHGXVLQJVHQVLWLYLW\DQGVSHFL¿
FLW\DQGWKHLUFRPELQDWLRQLQ³SRVLWLYHOLNHOLKRRGUDWLRV´/57KHUHVXOW
RIWKLVHYLGHQFHEDVHGUHVHDUFKZLOOEHSUHVHQWHGDVZHOODVDFRPSDULVRQWR
RWKHUVLPLODUHYDOXDWLRQVRIGLDJQRVWLFWRROV
5HVXOWV$/5RIZDVIRXQGLQVHWWLQJVVWXG\LQJ$'YHUVXVQRUPDOFRQ
WUROVKDYLQJDPHDQVHQVLWLYLW\DQGVSHFL¿FLW\RIDQGUHVSHFWLYHO\
$'YHUVXVRWKHUGHPHQWLDVUHVXOWHGLQD/5RI
&RQFOXVLRQV 7KH VHQVLWLYLW\ VSHFL¿FLW\ DQG /5 LQGLFDWH WKDW 63(&7¶V
FDSDELOLW\ WR GLVWLQJXLVK$' IURP QRUPDO HOGHUO\ FRQWUROV LV PRGHUDWHO\
JRRG
6
0LWRFKRQGULDO'\VIXQFWLRQDQG$O]KHLPHU¶V'LVHDVH)URP
&HOO&XOWXUH0RGHOVWR3DWLHQW6WXGLHV
6
7KH5HOHYDQFHRI0LWRFKRQGULDO)DLOXUHLQ$O]KHLPHU¶V
'LVHDVH
&DWDULQD52OLYHLUD
,QVWLWXWHRI%LRFKHPLVWU\)DFXOW\RI0HGLFLQH&HQWUHIRU1HXUR
VFLHQFHDQG&HOO%LRORJ\8QLYHUVLW\RI&RLPEUD3RUWXJDO
6DQGUD&DUGRVR0DQXHOD*UD]LQD
2EMHFWLYHV DJH UHODWHG DJJUHJDWLRQRI DP\ORLGEHWDSHSWLGH $EHWDKDV
EHHQDVVXPHG WREH WKHPHFKDQLVPXQGHUO\LQJQHXURQDOGHJHQHUDWLRQRF
FXUULQJLQ$O]KHLPHU¶VGLVHDVH$'1HYHUWKHOHVVWKHGLUHFWOLQNEHWZHHQ
$EHWDSURGXFWLRQDQGQHXURQDOGHDWKKDVQRWEHHQFOHDUO\HVWDEOLVKHG2[L
GDWLYHVWUHVVSURPRWHV$EHWDJHQHUDWLRQDQGK\GURJHQSHUR[LGHLVOLNHO\WR
PHGLDWH$EHWDWR[LFLW\0LWRFKRQGULDOG\VIXQFWLRQLVWKRXJKWWREHUHOHYDQW
WKURXJK WKH JHQHUDWLRQ RI UHDFWLYH R[\JHQ VSHFLHV 526 DQG UHOHDVH RI
PROHFXOHVWKDWLQLWLDWHDSRSWRWLFFHOOGHDWKSDWKZD\V:HKDYHGHPRQVWUDWHG
DUHGXFHGF\WRFKURPHFR[LGDVH&2;DFWLYLW\LQ$'SDWLHQWV¶SODWHOHWV,Q
WKHSUHVHQWVWXG\ZHDGGUHVVWKHUROHRIPLWRFKRQGULDLQ$EHWDWR[LFLW\DQG
WKHUHOHYDQFHRI&2;DFWLYLW\GHIHFWLQ$'
0HWKRGV$'SDWLHQWVQ ZHUHVHOHFWHGDFFRUGLQJWRVWDQGDUGFULWHULD
'60,9006(&'5DQGDJHPDWFKHGFRQWUROVXEMHFWVZHUHDOVR
LQFOXGHG17SDUHQWDOFHOOV UKRDQG17FHOOVGHSOHWHGIRUPLWRFKRQ
GULDO'1$ PW'1$ UKRZHUH H[SRVHG WR$EHWDDQGDQG
FHOO YLDELOLW\ ZDV HYDOXDWHG 17 FHOOV H[SUHVVLQJ HQGRJHQRXV PW'1$
IURP$'SDWLHQWVDQGFRQWUROVZHUHSUHSDUHGE\ WKH IXVLRQRI UKRFHOOV
ZLWKSODWHOHWVF\EULGV&2;FLWUDWHV\QWKDVH&6DQGFDVSDVHDFWLYLWLHV
ZHUH HYDOXDWHG$GHQLQHQXFOHRWLGHVZHUH DQDO\VHGE\+3/&526ZHUH
PRQLWRUHGE\IROORZLQJWKHR[LGDWLRQRI'&)+'$0LWRFKRQGULDOPHP
EUDQHSRWHQWLDOZDVHYDOXDWHGE\FRQIRFDOPLFURVFRS\PW'1$DQDO\VLVZDV
SHUIRUPHGE\3&55)/3
5HVXOWV,QFRQWUDVWWR17UKRUKRFHOOVYLDELOLW\ZDVQRWDIIHFWHGE\
H[SRVXUHWR$EHWDVXJJHVWLQJWKDWDIXQFWLRQDOPLWRFKRQUGULDOUHVSLUDWRU\
FKDLQ 05& LV UHTXLUHG IRU$EHWD WR[LFLW\17FHOOVH[SRVHG WR$EHWD
ZHUHVKRZQWRUHOHDVHF\WRFKURPHFZLWKVXEVHTXHQWDFWLYDWLRQRIFDVSDVH
5KRFHOOV WKDWPDLQWDLQHGPLWRFKRQGULDOPHPEUDQHSRWHQWLDOGHPRQ
VWUDWHGQRF\WRFKURPHFUHOHDVHRUFDVSDVHDFWLYDWLRQXSRQ$EHWDH[SRVXUH
7R IXUWKHUDQDO\VH WKH LQYROYHPHQWRIPW'1$$'F\EULGVZHUHH[SRVHG
WR$EHWD DQG FRPSDUHG WR FRQWURO F\EULGV:HKDYH IRXQGD&2;DFWLY
LW\UHGXFWLRQDQGDGHFUHDVHLQ$73OHYHOVLQ$'F\EULGV:KHQWKHVHFHOO
OLQHVZHUH H[SRVHG WR$EHWD D VLJQL¿FDQWPLWRFKRQGULDOPHPEUDQH
GHSRODUL]DWLRQDQLQFUHDVHLQF\WRFKURPHFUHOHDVHDQGDQHOHYDWHGFDVSDVH
DFWLYLW\ZHUHREVHUYHG)XUWKHUPRUHPW'1$DQDO\VLVUHYHDOHGWKHSUHV
HQFHRISRLQWPXWDWLRQVLQ$'SDWLHQWV7&7&7&
7&
&RQFOXVLRQV2XU UHVXOWV VKRZ WKDW WKH DGYHUVH FRQVHTXHQFHV RI D05&
GHIHFWQDPHO\DQLQFUHDVHLQ526SURGXFWLRQOLSLGDQGSURWHLQR[LGDWLRQ
REVHUYHGLQXQWUHDWHG$'F\EULGVDQG$EHWDSHSWLGHFRRSHUDWHLQUHQGHULQJ
WKHFHOOVPRUHSURQHWRDSRSWRWLFFHOOGHDWKVXJJHVWLQJWKHLQYROYHPHQWRI
PW'1$)XUWKHUPRUHPW'1$DOWHUDWLRQVIRXQGLQ$'SDWLHQWV LQFOXGLQJ
QRQ SDWKRJHQLFPXWDWLRQV SRO\PRUSKLVPVPD\ FRQWULEXWH WR WKH ULVN RI
$'
6
1LWULF2[LGH0HWDEROLVPDQG0LWRFKRQGULDO)DLOXUHLQ
$O]KHLPHU¶V'LVHDVH
$QQH(FNHUW
3V\FKLDWULF8QLYHUVLW\&OLQLFO%DVHO%DVHO6ZLW]HUODQG
8.HLO$%RQHUW,6FKHUSLQJ)0OOHU6SDKQ/3UDGLHU
:(0OOHU
$LPV,QFUHDVLQJHYLGHQFHVXJJHVWVDQLPSRUWDQWUROHRIPLWRFKRQGULDOG\V
IXQFWLRQLQWKHSDWKRJHQHVLVRI$O]KHLPHU¶V'LVHDVH7KXVZHLQYHVWLJDWHG
HIIHFWVRIDFXWHDQGFKURQLFH[SRVXUHWRLQFUHDVLQJFRQFHQWUDWLRQVRIEHWD
DP\ORLG$ȕRQPLWRFKRQGULDOIXQFWLRQDQGQLWULFR[LGH12SURGXFWLRQ
LQYLWURDQGLQYLYR
0HWKRGV ,Q RUGHU WR LQYHVWLJDWH WKH SUHFLVH PHFKDQLVPV XQGHUO\LQJ WKH
DFWLRQRI$ȕDQGRUH[SUHVVLRQRIPXWDQWDP\ORLGSUHFXUVRUSURWHLQ$33VZ
EHDULQJ WKH 6ZHGLVKPXWDWLRQ RQPLWRFKRQGULDO IXQFWLRQZH XVHGPXOWL
SOH H[SHULPHQWDO GHVLJQV PLPLFNLQJ GLIIHUHQW LQ YLYR VLWXDWLRQV WKDW DUH
GLVFXVVHGWRRFFXULQ$'SDWLHQWVLQFHOOOLQHVRYHUH[SUHVVLQJGLIIHUHQW
OHYHOVRI$ȕ$33VZ3&FHOOVH[KLELWLQJORZSK\VLRORJLFDOFRQFHQWUDWLRQV
RI$ȕZLWKLQSLFRPRODUUDQJHDQG$33VZ+(.FHOOVH[SUHVVLQJ$ȕOHYHOV
ZLWKLQ ORZQDQRPRODU UDQJH WRVWXG\GRVHGHSHQGHQWHIIHFWVRI$ȕ LQDQ
LQ YLWUR VHWWLQJ FKDUDFWHULVHG E\ FKURQLF$ȕ SURGXFWLRQ GXH WR LQFUHDVHG
$33SURFHVVLQJ$IWHUH[WUDFHOOXODU$ȕWUHDWPHQW WRGLVWLQJXLVKFKURQLF
IURPDFXWHDQGRU H[WUDFHOOXODU DFWLRQV IURPHIIHFWVRI LQWUDFHOOXODU$ȕRU
$33SURFHVVLQJSURGXFWVRQPLWRFKRQGULD,QDVHFRQGDU\LQVXOWPRGHOWR
H[DPLQHWKHDGGLWLRQDOLPSDFWRIR[LGDWLYHVWUHVV)LQDOO\ZHFKHFNHGWKHLQ
YLYRUHOHYDQFHRIRXULQYLWUR¿QGLQJVE\VWXG\LQJPLWRFKRQGULDOIXQFWLRQLQ
EUDLQFHOOVIURP$33WUDQVJHQLFWJPLFH
5HVXOWV 2XU GDWD GHPRQVWUDWH WKDW 3& FHOOV DQG +(. FHOOV EHDULQJ
$33VZ H[KLELWLQJ VXEVWDQWLDO $ȕ OHYHOV KDYH LQFUHDVHG 12 OHYHOV DQG
UHGXFHG$73OHYHOV7KHLQKLELWLRQRILQWUDFHOOXODU$ȕSURGXFWLRQE\DIXQF
WLRQDOJDPPDVHFUHWDVHLQKLELWRUQRUPDOL]HV12DQG$73OHYHOVLQGLFDWLQJ
D GLUHFW LQYROYHPHQW RI$ȕ LQ WKHVH SURFHVVHV ([WUDFHOOXODU WUHDWPHQW RI
3&FHOOVZLWKFRPSDUDEOH$ȕFRQFHQWUDWLRQVRQO\OHDGVWRZHDNFKDQJHV
GHPRQVWUDWLQJWKHLPSRUWDQWUROHRILQWUDFHOOXODU$ȕ,QPRQWKROG$33WJ
PLFHZKLFKH[KLELWQRSODTXHVEXWDOUHDG\GHWHFWDEOH$ȕOHYHOVLQWKHEUDLQ
UHGXFHG$73OHYHOVFDQDOVREHREVHUYHGVKRZLQJWKHLQYLYRUHOHYDQFHRI
RXU¿QGLQJV0RUHRYHUZHFRXOGGHPRQVWUDWHWKDW$33LVSUHVHQWLQPLWR
FKRQGULDRI$33VZ3&FHOOV7KLVSUHVHQFHPLJKWEHGLUHFWO\LQYROYHGLQ
WKHLPSDLUPHQWRIF\WRFKURPHFR[LGDVHDFWLYLW\DQGGHSOHWLRQRI$73OHYHOV
LQ$33VZ3&FHOOV ,Q DGGLWLRQ$33VZ+(.FHOOVZKLFKSURGXFH
IROGLQFUHDVHG$ȕOHYHOVFRPSDUHGWR$33VZ3&FHOOVDQG$33WJPLFH
DOUHDG\ VKRZ D VLJQL¿FDQWO\ GHFUHDVHGPLWRFKRQGULDOPHPEUDQH SRWHQWLDO
XQGHUEDVDOFRQGLWLRQV.HLOHWDO
&RQFOXVLRQV :H VXJJHVW D K\SRWKHWLFDO VHTXHQFH RI SDWKRJHQLF VWHSV
OLQNLQJPXWDQW$33H[SUHVVLRQDQGDP\ORLGSURGXFWLRQZLWKHQKDQFHG12
SURGXFWLRQDQGPLWRFKRQGULDOG\VIXQFWLRQ¿QDOO\OHDGLQJWRFHOOGHDWK
5HIHUHQFHV
.HLOHWDO-%LRO&KHP
6
0LWRFKRQGULDO$EQRUPDOLWLHVLQ1HXURGHJHQHUDWLYH'LVHDVH
.LP.ULVKQDQ
8QLYHUVLW\RI1HZFDVWOHXSRQ7\QH8.
$QGUHDV%HQGHU*HRIIUH\7D\ORU&KULV0RUULVU
'RXJODVV7XUQEXOO
0LWRFKRQGULDO G\VIXQFWLRQ LQFOXGLQJ R[LGDWLYH GDPDJH WR PLWRFKRQGULDO
'1$PW'1$KDVORQJEHHQVSHFXODWHGWREHLQYROYHGLQDJLQJDQGLQDJH
UHODWHGQHXURGHJHQHUDWLYHGLVHDVHVVXFKDV3''/%DQG$'7KHUHKDYH
EHHQ D YDULHW\ RI GLIIHUHQW DSSURDFKHV LQFOXGLQJSRSXODWLRQ EDVHG VWXGLHV
ORRNLQJDWSRO\PRUSKLFYDULDQWVWKDWPD\SUHGLVSRVHWRQHXURGHJHQHUDWLRQ
DQGKDSORJURXSDVVRFLDWLRQVWXGLHV7KHUHVXOWVIURPWKHVHVWXGLHVKDYHQRW
VKRZQFRQVLVWHQWFKDQJHV6WXGLHVRIWLVVXHVIURPSDWLHQWVRUIURPWUDQVPL
WRFKRQGULDOF\EULGVKDYHVXJJHVWHGDELRFKHPLFDOGHIHFWLQERWK$'DQG3'
KRZHYHUWKHUHKDVQRWEHHQDQ\JHQHWLFFRUUHODWLRQVZLWKWKHVHELRFKHPLFDO
DEQRUPDOLWLHV$QDOWHUQDWLYHK\SRWKHVLVLVWKDWPLWRFKRQGULDODEQRUPDOLWLHV
RFFXUGXHWRDFTXLUHGPW'1$PXWDWLRQVDQGDQXPEHURIVWXGLHVKDYHVLQFH
UHSRUWHGVRPDWLFSRLQWPXWDWLRQVLQ3'6LPRQHWDO6PLJURGVNLHWDO
'DYLV3DUNHUDQG3DUNVDQGDOVR$'6LPRQHWDO/LQHW
.%52/$%'%.%2!4)6%¬$)3/2$%23¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
DO+RZHYHUZLWKLQWKHVHVWXGLHVWKHHYLGHQFHIRUDVLJQL¿FDQWGLIIHU
HQFHLQPXWDWLRQORDGEHWZHHQQHXURGHJHQHUDWLYHGLVHDVHVDQGDJHPDWFKHG
FRQWUROVUHPDLQVWREHHVWDEOLVKHG:HKDYHXVHGDQXPEHURIWHFKQLTXHVWR
H[SORUHPW'1$G\VIXQFWLRQ LQ'HPHQWLDZLWK/HZ\ERGLHV'/%ZKLFK
LQFOXGHF\WRFKURPHR[LGDVH &2;KLVWRFKHPLVWU\ ODUJHVFDOH3&5 UHDO
WLPH3&5DQGVRPDWLFPXWDWLRQDQDO\VLV:HKDYHDQDO\VHG WZREUDLQUH
JLRQVLQ'/%SDWLHQWVDQGFRQWUROVWKHKLSSRFDPSXVDQGVXEVWDQWLDQLJUD
6
1R$EVWUDFW5HFHLYHG
*DEULHOH6LFLOLDQR
,WDO\
6
0LWRFKRQGULDO'\VIXQFWLRQD3RWHQWLDO7DUJHWIRU
7KHUDSHXWLFDO,QWHUYHQWLRQ
:DOWHU(0OOHU
'HSDUWPHQWRI3KDUPDFRORJ\%LRFHQWHU8QLYHUVLW\)UDQNIXUW
*HUPDQ\
2EMHFWLYHV0LWRFKRQGULDDUHRQO\HVVHQWLDOIRUHQHUJ\SURGXFWLRQYLD WKH
UHVSLUDWRU\FKDLQIRUUHJXODWLQJDSRSWRVLVEXWDUHDOVRPDLQVRXUFHRIUHDF
WLYHR[\JHQVSHFLHV 526$PLWRFKRQGULDO WKHRU\RIDJLQJGHULYHV IURP
GDWD VXJJHVWLQJ WKDW DFWLYLW\ RI PLWRFKRQGULDO UHVSLUDWRU\ FKDLQ GHFOLQHV
ZLWKDJHPLWRFKRQGULDOEDVHGR[LGDWLYHVWUHVVLQFUHDVHVDQGPLWRFKRQGULDO
'1$PXWDWLRQVDFFXPXODWHZLWKDJH$JH UHODWHGGHFUHDVHV LQPHPEUDQH
SRWHQWLDORIEUDLQPLWRFKRQGULDKDYHDOVREHHQUHSRUWHG0RUHRYHULQFUHDV
LQJHYLGHQFHVXJJHVWVPLWRFKRQGULDOG\VIXQFWLRQDVDYHU\HDUO\HYHQWLQWKH
SDWKRJHQHVLVRI$O]KHLPHU¶VGLVHDVH$'DQGWKDWȕDP\ORLG$ȕSOD\VD
FUXFLDOUROH
0HWKRGV$ SUHYLRXV VWXG\ZH GHPRQVWUDWHG WKDW 3& FHOOV EHDULQJ WKH
VZHGLVKGRXEOHPXWDWLRQLQWKH$33JHQH$33VZDQGH[KLELWLQJVXEVWDQ
WLDO$ȕ OHYHOV VKRZ VHYHUDO VLJQV RIPLWRFKRQGULDO G\VIXQFWLRQ LQFOXGLQJ
GHFUHDVHG F\WRFKURPH F R[LGDVH DFWLYLW\ DQG UHGXFHG$73 OHYHOV:KHQ
WKHVHFHOOVZHUHH[SRVHGWRDQ$'UHOHYDQWVHFRQGDU\LQVXOWHJR[LGDWLYH
VWUHVVWKH\VKRZDPRUHSURQRXQFHGGHFUHDVHLQPLWRFKRQGULDOPHPEUDQH
SRWHQWLDODQG$73OHYHOVDQGPRUHDSRSWRWLFFHOOGHDWKFRPSDUHGWRFRQWURO
FHOOV $GGLWLRQDOO\ H[SRVXUH RI GLVVRFLDWHG PRXVH FHOOV DQG RI LVRODWHG
PRXVHEUDLQPLWRFKRQGULD WR$ȕFDXVHVVLPLODUGHFUHDVH LQPLWRFKRQGULDO
HQ]\PHDFWLYLW\UHVSLUDWLRQDQGPLWRFKRQGULDOPHPEUDQHSRWHQWLDO7KHVH
GDWDVXJJHVWDFHQWUDOUROHRIPLWRFKRQGULDLQWKHSDWKRORJ\RI$O]KHLPHU¶V
GLVHDVH
5HVXOWV8VLQJWKH3&FHOOVPHQWLRQHGDERYHEXWDOVRGLVVRFLDWHGPRXVH
EUDLQFHOOVDVZHOODVLVRODWHGPRXVHEUDLQPLWRFKRQGULDGLIIHUHQWVWUDWHJLHV
ZHUH LQYHVWLJDWHG WR LPSURYHPLWRFKRQGULDO G\VIXQFWLRQ IROORZLQJ DJLQJ
R[LGDWLYHVWUHVVDVZHOODV$ȕH[SRVXUH%HVLGHVDSSURDFKHVWRUHPRYH$ȕ
ȖVHFUHWDVH LQKLELWRU DQWLERGLHV VHYHUDO PLWRFKRQGULD SURWHFWLQJ FRP
SRXQGVLQFOXGLQJVHYHUDODQWLGHPHQWLDGUXJVZHUHLQYHVWLJDWHG
&RQFOXVLRQV7KH¿QGLQJLQGLFDWHWKDWPLWRFKRQGULDSURWHFWLRQPLJKWEHDQ
LQWHUHVWLQJDSSURDFKIRUWKHHDUO\WUHDWPHQWRI$'
5HIHUHQFHV
(FNHUW$.HLO80DUTXHV&$%RQHUW$)UH\&6FKVVHO.0OOHU:(
 0LWRFKRQGULDO G\VIXQFWLRQ DSRSWRWLF FHOO GHDWK DQG$O]KHLPHU¶V
GLVHDVH%LRFKHP3KDUPDFRO
.HLO8%RQHUW$0DUTXHV&$6FKHUSLQJ,:H\HUPDQQ-6WURV]QDMGHU-%
0OOHU6SDKQ)+DDVV&&]HFK&3UDGLHU/0OOHU:((FNHUW$
$P\ORLG ȕLQGXFHV FKDQJHV LQ QLWULF R[LGH SURGXFWLRQ DQGPLWRFKDQGULDO
DFWLYLW\OHDGWRDSRSWRVLV%LRO&KHP
6
3RSXODWLRQ6WXGLHVRI0HQWDO+HDOWKLQWKH(OGHUO\LQ
'HYHORSLQJ&RXQWULHV
6
7KH0HWDEROLF6\QGURPH6RFLRHFRQRPLF&LUFXQVWDQFHV
DQG5LVNRI&RJQLWLYH'HFOLQHLQ&RPPXQLW\'ZHOOLQJ2OGHU
$GXOWV7KH%DPEXt+HDOWKDQG$JLQJ6WXG\
0DULD)HUQDQGD/LPD&RVWD
RQEHKDOIRIWKH3XEOLF+HDOWKDQG$JHLQJ5HVHDUFK*URXS
8)0*)LRFUX]%UD]LO
2EMHFWLYHV$ UHFHQW VWXG\ FRQGXFWHG LQ FRPPXQLW\HOGHUO\ OLYLQJ LQ WKH
86$ VKRZHG DQ LQGHSHQGHQW DVVRFLDWLRQ RI 0HWDEROLF 6\QGURPH DQG
\HDU FRJQLWLYHGHFOLQH7RRXU NQRZOHGJH WKLV LV WKH¿UVW VWXG\RQ WKLV
VXEMHFW DQG WKHVH REVHUYDWLRQV QHHG IXUWKHU FRQ¿UPDWLRQ:H XVHG GDWD
IURPWKH7KH%DPEXt+HDOWKDQG$JHLQJ6WXG\%+$6WRGHWHUPLQHLIWKH
PHWDEROLF V\QGURPH LV D ULVN IDFWRU IRU FRJQLWLYHGHFOLQH LQ DSRSXODWLRQ
OLYLQJLQDGHYHORSLQJFRXQWU\DQGLIWKLVDVVRFLDWLRQLVPRGL¿HGE\VRFLR
HFRQRPLFFLUFXQVWDQFHV
0HWKRGV7KH%+$6LVDSRSXODWLRQEDVHGFRKRUWVWXG\RIROGHUDGXOWV!
\UVFRQGXFWHGLQ%DPEXtWRZQLQKDELWDQWVZKLFKLVVLWXDWHG
LQWKH6RXWKHDVW%UD]LO$OOUHVLGHQWVDJHGRUPRUH\HDUVQ ZHUH
VHOHFWHGIRUWKHEDVHOLQHVWXG\ZHUHLQWHUYLHZHGDQGXQGHUZHQW
EORRGWHVWVDQGRWKHUH[DPLQDWLRQV$QQXDOIROORZXSFRQVLVWVRILQWHUYLHZ
DQG GHDWK FHUWL¿FDWHV YHUL¿FDWLRQ ,Q SUHGHWHUPLQHG LQWHUYDOV SK\VLFDO
PHDVXUHPHQWVDQGEORRGWHVWVDUHUHSHDWHG'XULQJWKH¿UVW\HDUIROORZ
XS WRWDO ORVVHVZHUH HTXDO WR  DPRQJ VXUYLYRUV ,Q WKH SUHVHQW VWXG\
WKHPDLQRXWFRPHPHDVXUHVDUHPHWDEROLFV\QGURPH1DWLRQDO&KROHVWHURO
(GXFDWLRQ3URJUDP*XLGHOLQHVIDPLO\PRQWKO\LQFRPHDQGFKDQJHLQFRJ
QLWLRQSRLQWGHFOLQHLQ\HDUV0RGL¿HG0LQL0HQWDO6WDWH([DPLQDWLRQ
IRUORZVFKRROLQJ&RYDULDWHVFRQVLGHUHGDUHDJHVNLQFRORXUVH[\HDUV
RIVFKRROLQJFXUUHQWVPRNLQJDOFRKROXVH LQSDVW\HDUERG\PDVV LQGH[
VHOIUHSRUWHGFRURQDU\KHDUWGLVHDVHDQGVWURNHVHOIUDWHGKHDOWKDVZHOODV
*+4GHSUHVVLYHV\PSWRPV
&RQFOXVLRQV7KHDXWKRUVGLVFXVVWKHSXEOLFKHDOWKLPSOLFDWLRQVRIWKH¿QG
LQJV
5HIHUHQFHV
.DQD\D8./LQGTXLVW.6LPRQVLFN(0+DUULV76KRUU5,7\DODYVN\)$
1HZPDQ$% 7KHPHWDEROLF V\QGURPH LQÀDPPDWLRQ DQG ULVN RI
FRJQLWLYHGHFOLQH-$0$
/LPD&RVWD0))8FKRD(*XHUUD+/)LUPR-2$HWDO7KH%DPEXL
KHDOWKDQGDJHLQJVWXG\%+$6PHWKRGRORJLFDODSSURDFKDQGSUHOLPLQDU\
UHVXOWVRIDSRSXODWLRQEDVHGFRKRUWVWXG\RIWKHHOGHUO\LQ%UD]LO5HY6DXGH
3XEOLFD
6
7KH'HPHQWLD5HVHDUFK*URXS¶V3URJUDPPHRI
3RSXODWLRQ%DVHG5HVHDUFKLQ'HYHORSLQJ&RXQWULHV
0DUWLQ3ULQFH
RQEHKDOIRIWKH'HPHQWLD5HVHDUFK*URXS,QVWLWXWHRI
3V\FKLDWU\8.
2EMHFWLYHV7KHUHLVDQHHGIRUPRUHUHVHDUFKLQWRGHPHQWLDLQGHYHORSLQJ
FRXQWULHVZKHUHXS WRRI WKRVHZLWKGHPHQWLD OLYH EXW RQO\RI
UHVHDUFKLVFRQGXFWHG
0HWKRGV$',¶V'HPHQWLD5HVHDUFK*URXSKDVQRZFRPSOHWHGSLORW
VWXGLHVRIGHPHQWLDGLDJQRVLVDQGFDUHDUUDQJHPHQWVIRUSHRSOHZLWKGHPHQ
WLD LQFHQWUHV LQPDLQO\GHYHORSLQJFRXQWULHV LQ/DWLQ$PHULFD WKH
&DULEEHDQ$IULFD,QGLD&KLQDDQG6($VLD
5HVXOWV :H KDYH GHPRQVWUDWHG WKH IHDVLELOLW\ RI GLDJQRVLQJ GHPHQWLD
LQ D VLPSOH RQHVWDJH UHVHDUFK LQWHUYLHZ LQ D ZD\ WKDW ZLOO DOORZ YDOLG
FRPSDULVRQVWREHPDGHDFURVVGLIIHUHQWFRXQWULHVDQGFXOWXUHVDQGDPRQJ
SHRSOHZLWKZLGHO\GLIIHULQJ OHYHOVRIHGXFDWLRQDOH[SHULHQFH7KHVHSLORW
UHVHDUFKVWXG\¿QGLQJVSDYHWKHZD\IRU WKHQH[WSKDVHRIUHVHDUFK
±SRSXODWLRQEDVHGVWXGLHVRIWKHSUHYDOHQFHDQGLPSDFWRIGHPHQWLDDQGLWV
ULVNIDFWRUV2XUSRSXODWLRQEDVHGVWXGLHVKDYHDOVREHHQKHDYLO\LQÀXHQFHG
E\ ¿QGLQJV IURP WKH  &DUHJLYHU SLORW VWXGLHV 7KHVH LQGLFDWHG WKDW
FDUHJLYHUV LQGHYHORSLQJFRXQWULHVH[SHULHQFHFRQVLGHUDEOHSV\FKRORJLFDO
.%52/$%'%.%2!4)6%¬$)3/2$%23¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
HFRQRPLFDQGSUDFWLFDOVWUDLQ0RVWFDUHUVZHUHZRPHQOLYLQJLQH[WHQGHG
IDPLO\XQLWVRIWHQZLWKFKLOGUHQ$OWKRXJKODUJHUKRXVHKROGVZHUHDVVRFL
DWHGZLWKORZHUFDUHUVWUDLQVWUDLQZDVDVPDUNHGDVLQWKHGHYHORSHGZRUOG
0DQ\FDUHUVKDGFXWEDFNRQSDLGZRUNWRFDUH7KRVHLQWKHSRRUHVWFRXQ
WULHVZHUHPRVWOLNHO\WRXVHH[SHQVLYHSULYDWHPHGLFDOVHUYLFHDQGWRVSHQG
PRUHLQUHODWLYHWHUPVRQKHDOWK/DFNRIDZDUHQHVVZDVDPDMRUSUREOHP
VRPHWLPHVOHDGLQJWRVWLJPDDQGEODPHDWWDFKLQJWRWKHFDUHJLYHU
&RQFOXVLRQV$',¶V  'HPHQWLD 5HVHDUFK *URXS LV QRZ FRQGXFWLQJ
SRSXODWLRQEDVHG VWXGLHV LQ &XED %UD]LO 'RPLQLFDQ 5HSXEOLF ,QGLD
&KLQD0H[LFR3HUX$UJHQWLQDDQG9HQH]XHOD7KHDLPVDQGGHVLJQVRI
WKHVHVWXGLHVVKDOOEHGHVFULEHGWRJHWKHUZLWKDQRXWOLQHRIWKHQHZ
FDUHJLYHUHGXFDWLRQDQGWUDLQLQJLQWHUYHQWLRQZKLFKZHSODQWRLPSOHPHQW
DQGHYDOXDWHLQWKHFRXUVHRIRXU¿HOGZRUN
5HIHUHQFHV
3ULQFH0$FRVWD'&KLX+HOHQHWDO'HPHQWLDGLDJQRVLVLQGHYHO
RSLQJFRXQWULHVDFURVVFXOWXUDOYDOLGDWLRQVWXG\7KH/DQFHW
6
'HSUHVVLRQV\PSWRPVLQHOGHUO\DVVHVVHGXVLQJWKH*'67KH
%DPEXt6WXG\
(ULFR&RVWD
3XEOLF+HDOWKDQG$JHLQJ5HVHDUFK*URXS8)0*)LRFUX]%UD]LO
6DQGKL%DUHWR(OL]DEHWK8FKRD-RVHOLD)LUPR
0DULD)HUQDQGD/LPD&RVWD0DUWLQ3ULQFH
6FKRODUVKLSVSRQVRUHGE\&$3(6
2EMHFWLYHV7KHHOGHUO\LVDUHFHQWSKHQRPHQRQLQWKHVRFLHW\VSHFLDOO\LQ
GHYHORSLQJFRXQWULHVZKHUHOLIHH[SHFWDWLRQLVORZHUWKDQGHYHORSHGFRXQ
WULHV+RZHYHUWKHHOGHUO\DOUHDG\LVWKHIDVWHVWJURZLQJDJHJURXSLQVRPH
GHYHORSLQJFRXQWULHV:HVWLOOKDYHIHZVWXGLHVLQWKHVHVFRXQWULHV7KHDLP
RI WKLVVWXG\LV WRGHWHUPLQHWKHSV\FKRPHWULFVRI WKH*'6*HULDWULF'H
SUHVVLRQ6FDOHDQGGHVFULEHWKHHIIHFWVRIDJHJHQGHUDQGPHQWDODQGKHDOWK
RQGHSUHVVLYHV\PSWRPVLQ%UD]LO
0HWKRGV,QWKHWKZDYHRI%DPEXL6WXG\%+$6WKDWLVDORQJLWXGLQDO
SRSXODWLRQEDVHGVWXG\RQKHDOWKDQGDJLQJKDVFDUULHGRXWLQ%UD]LO7KH
*+4 DQG *'6 ZHUH DGPLQLVWHUHG DV D FRPPRQ PHQWDO GLVRUGHU
DQG GHSUHVVLRQ VFUHHQLQJZKLOH6&$1 6FKHGXOH RI&OLQLFDO$VVHVVPHQW
RI1HXURSV\FKLDWU\ DV WKHGLDJQRVWLF LQWHUYLHZ7KH LQWHUQDO FRQVLVWHQF\
IDFWRUDQDO\WLFSUR¿OHDQG WKHFULWHULRQYDOLGLW\RI*'6ZHUHFKHFNHG
)XUWKHUPRUHWKHHIIHFWVRIHDFKYDULDEOHZHUHWHVWHGRQ*'6
5HVXOWV *'6 ZDV UHOLDEOH DQG KDG DELOLW\ WR GHWHFW GHSUHVVLRQ LQ WKLV
FRPPXQLW\LQ%UD]LO7KHIDFWRUDQDO\VHVJDYHULVHWRVWUXFWXUHZLWKHLJKW
IDFWRUVWKDWFRXOGEHUHGXFHGLQWZRIDFWRUVWREHHDVLO\LQWHUSUHWHG)DFWRU
'HSUHVVLYHDIIHFWDQG)DFWRU0RWLYDWLRQ*'6VFRUHVWHQGHGQRWWR
LQFUHDVHZLWKDJHDQGVFKRROLQJKRZHYHULWWHQGHGWRLQFUHDVHZLWKJHQGHU
&RQFOXVLRQV 7KH *'6 VKRXOG SHUPLW WKH DVVHVVPHQW RI GHSUHVVLRQ
V\PSWRPV LQ %UD]LO 7KH GLIIHUHQFHV LQ GHSUHVVLRQ V\PSWRPV ZHUH QRW
H[SODLQHGE\GHPRJUDSK\RUE\WKH*'6LQWKHVXUYH\&RQVLVWHQWVPDOO
HIIHFWVRIDJHJHQGHUDQGVFKRROLQJZHUHREVHUYHGLQWKLVVWXG\7KHDXWKRUV
GLVFXVVWKHRIWKHSV\FKRPHWULFVSURSHUWLHVRI*'6LQ%UD]LOWRGHWHFWWKH
GHSUHVVLRQ'HSUHVVLRQPD\EHRYHUGLDJQRVHGLQHOGHUO\EHFDXVHRIPHQWDO
DQGKHDOWKVWDWXV
5HIHUHQFHV
/LPD&RVWD0))8FKRD(*XHUUD+/)LUPR-2$HWDO7KH%DPEXL
KHDOWKDQGDJHLQJVWXG\%+$6PHWKRGRORJLFDODSSURDFKDQGSUHOLPLQDU\
UHVXOWVRIDSRSXODWLRQEDVHGFRKRUWVWXG\RIWKHHOGHUO\LQ%UD]LO5HY6DXGH
3XEOLFD
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%HKDYLRXUDODQG3V\FKRORJLFDO6\PSWRPVRI'HPHQWLDLQ
'HYHORSLQJ&RXQWULHV
'DYLG$PHV
RQEHKDOIRIWKH'HPHQWLD5HVHDUFK*URXS8QLYHUVLW\RI
0HXOERXUQH$XVWUDOLD
%DFNJURXQG/LWWOHLVNQRZQDERXWWKHSUHYDOHQFHRIRUDVVRFLDWLRQVZLWK
EHKDYLRUDODQGSV\FKRORJLFDOV\PSWRPVDPRQJSHRSOHZLWKGHPHQWLDZKR
OLYHLQGHYHORSLQJFRXQWULHV
0HWKRGV ,QGLYLGXDOV GLDJQRVHG E\ ORFDO FOLQLFLDQV DV KDYLQJ GHPHQWLD
DFFRUGLQJ WR '60 ,9 FULWHULD WRJHWKHU ZLWK WKHLU PDLQ FDUHJLYHU ZHUH
UHFUXLWHGIURPFHQWHUVLQGHYHORSLQJFRXQWULHV3HRSOHZLWKGHPHQWLD
DQG WKHLU FDUHJLYHUV FRPSOHWHG D UDQJHRI TXDOLWDWLYH DQGTXDQWLWDWLYH DV
VHVVPHQWV
5HVXOWV$WOHDVWRQHEHKDYLRUDOV\PSWRPRIGHPHQWLD%6'ZDVUHSRUWHG
LQRIWKHSDUWLFLSDQWV'HSUHVVLRQV\QGURPHVZHUHYHU\FRPPRQ
DPRQJ /DWLQ $PHULFDQ  DQG ,QGLDQ  SHRSOH ZLWK GHPHQWLD
&DUHJLYHUVZHUHPRUH OLNHO\ WR UHSRUW%6' LQSHRSOHZLWKGHPHQWLDZKR
ZHUHPDUULHG\RXQJHUDQGKDGKLJKHUOHYHOVRIHGXFDWLRQ0RUHDGYDQFHG
GHPHQWLDSRRUHUIXQFWLRQLQJDQGWKHSUHVHQFHRIGHSUHVVLRQRUDQ[LHW\ZHUH
HDFKDVVRFLDWHGZLWK%6'%6'DQGSV\FKRORJLFDOV\PSWRPVDQ[LHW\DQG
SV\FKRVLVSUHGLFWHGFDUHJLYHUVWUDLQDIWHUFRQWUROOLQJIRUFRJQLWLYHLPSDLU
PHQW%HKDYLRUDOV\PSWRPVDUHRIWHQSRRUO\XQGHUVWRRGE\FDUHJLYHUVDQG
RWKHUVOHDGLQJFDUHJLYHUVWRIHHOVDVKDPHGDQGRWKHUVRQRFFDVLRQWREODPH
WKHP
&RQFOXVLRQV %HKDYLRUDO DQG SV\FKRORJLFDO V\PSWRPV RI GHPHQWLD DUH
FRPPRQDPRQJSHRSOHZLWKGHPHQWLDLQGHYHORSLQJFRXQWULHV WKRXJKZH
IRXQGPDUNHGUHJLRQDOYDULDWLRQ:KLOHVWXGLHVRIUHSUHVHQWDWLYHFRPPXQLW\
VDPSOHVDUHQHHGHGWRFODULI\SUHYDOHQFHDQGLPSDFWRXUUHVHDUFKVXJJHVWV
FRQVLGHUDEOHXQPHWQHHGZLWKPXFKVFRSHIRULQWHUYHQWLRQ5DLVLQJDZDUH
QHVVRIWKHSUREOHPPD\EHWKH¿UVWVWHS
5HIHUHQFHV
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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/HYHOVRI'HPHQWLDDQG'HSUHVVLRQLQ3RSXODWLRQ6WXGLHVRI
2OGHU3HRSOHLQ$VLD
-RKQ&RSHODQG
RQEHKDOIRIWKH$6,$'(3FRQVRUWLXP8QLYHUVLW\RI/LYHUSRRO
8.
2EMHFWLYHV6WXGLHVKDYHVKRZQYDULDWLRQVEHWZHHQWKHOHYHOVRIGHPHQWLD
DQGGHSUHVVLRQDPRQJROGHUSHRSOHLQ$VLDQFRXQWULHVEXWWKHVHKDYHEHHQ
GLI¿FXOW WR FRPSDUH EHFDXVH GLIIHUHQWPHWKRGV RI FDVH ¿QGLQJ KDYH XVHG
GLIIHUHQWFULWHULD
0HWKRGV 7KH$6,$'(3 VWXGLHV ZHUH XQGHUWDNHQ LQ D QXPEHU RI$VLDQ
FRXQWULHV XVLQJ UDQGRP SRSXODWLRQ VDPSOHV WKH VWDQGDUGLVHG *HULDWULF
0HQWDO6WDWH LQWHUYLHZDQG WKHFRPSXWHUDVVLVWHGGLDJQRVLV$*(&$7$OO
LQWHUYLHZHUVZHUHWUDLQHGLQWKHWHFKQLTXHV
5HVXOWV:KHUHDV OHYHOV RI GHPHQWLD YDULHG EHWZHHQ  DQG  OHYHOV RI
GHSUHVVLRQYDULHGEHWZHHQ+HIHLPDLQODQG&KLQDDQGLQUXUDO
7DLZDQRWKHU FHQWUHV LQ.RUHD -DSDQ0DOD\VLD DQG6LQJDSRUH IHOO LQEH
WZHHQ'LIIHUHQFHVLQWKHOHYHOVRIGHSUHVVLRQDUHFRQVLGHUDEOHWKHELJJHVW
GLIIHUHQFHV EHLQJ EHWZHHQ ODUJHO\ HWKQLF&KLQHVH SRSXODWLRQV LQ GLIIHUHQW
HQYLURQPHQWV
&RQFOXVLRQV 6RPH RI WKH YDULDWLRQ LQ GHPHQWLD OHYHOV PD\ KDYH EHHQ
FDXVHGE\YHU\ORZOHYHOVRIHGXFDWLRQLQVRPHFRPPXQLWLHV$PHWKRGIRU
RYHUFRPLQJWKLVSUREOHPWRVRPHH[WHQWKDVVLQFHEHHQGHULYHG7KHPRVW
VWULNLQJGLIIHUHQFHVDUHLQGHSUHVVLRQ,WLVSRVVLEOHRQO\WRVSHFXODWHDWWKLV
VWDJHWKDWWKHSDWWHUQVRIOLIHLQXUEDQPDLQODQG&KLQD6LQJDSRUHDQG-DSDQ
DUHGLIIHUHQWIURPWKRVHLQ7DLZDQERWKUXUDODQGXUEDQ/DUJHGLIIHUHQFHV
WKRXJKQRWTXLWHDVH[WUHPHZHUHIRXQGEHWZHHQ(XURSHDQFHQWUHV LQ WKH
HDUOLHU(852'(3VWXGLHVXVLQJVLPLODUPHWKRGV
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&RPSOH[LQWHUDFWLRQVRIJHQHWLFR[LGDWLYHVWUHVVWR[LFDQGHQYLURQPHQWDO
ULVN IDFWRUV SURPRWH VSRUDGLF$O]KHLPHU 'LVHDVH 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 LQ GLIIHUHQW FDV
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<RNHO
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
7KHGLVWXUEDQFHRI WKH LQVXOLQVLJQDO WUDQVGXFWLRQSDWKZD\PD\EHDFHQ
WUDO DQG HDUO\ SDWKRSK\VLRORJLF HYHQW +R\HU  ,QFUHDVHG DFWLYLW\ RI
JO\FRJHQ V\QWKDVH NLQDVH  +RQJ  DQG UHGXFHG$73 IRUZDUG WKH
K\SHUSKRVSKRU\ODWLRQRIWDXSURWHLQWKDWLVFRQVLVWHQWO\KLJKO\LQFUHDVHGLQ
&6)+DPSHO
7KH RQVHW RI WKH GHJHQHUDWLRQ RI JOXWDPDWHPHGLDWHG SDWKZD\V LV VWLOO D
PDWWHURIGHEDWH,WPD\RFFXUHDUO\LQWKHGLVHDVHDQGLQSDWWHUQVWKDWFRU
UHVSRQGZLWKWKHGLVWULEXWLRQRISODTXHVDQGWDQJOHV3URFWHU([FHV
VLYHDFWLYDWLRQRIH[FLWDWRU\DPLQRDFLGV($$DQGUHDFWLYHR[\JHQVSHFLHV
526 WKDW DUH FRQYHUJLQJ DQG UHSUHVHQW VHTXHQWLDO DVZHOO DV LQWHUDFWLQJ
SURFHVVHVPLJKWEHD¿QDOFRPPRQSDWKZD\IRUFHOOYXOQHUDELOLW\*UQEODWW

7KHH[SUHVVLRQRI10'$UHFHSWRU15VXEXQLWP51$VSOLFHYDULDQWV LQ
6$'EUDLQYDULHVDFFRUGLQJWRUHJLRQDOVXVFHSWLELOLW\WRSDWKRORJLFDOGDP
DJH+\QG15VXEXQLWFRPSRVLWLRQPD\PRGXODWH10'$UHFHSWRU
PHGLDWHG H[FLWRWR[LFLW\ +\QG  8SWDNHPHFKDQLVPVZKLFK UHPRYH
H[WUDFHOOXODU($$VPDVNWKHQHXURWR[LFSRWHQWLDORIH[FLWDWRU\DPLQRDFLGV
($$VXQGHUSK\VLRORJLFDOFRQGLWLRQV'DQEROW*OXWDPDWHGHFDU
ER[\ODVHLVUHOHYDQWIRUWKHGHJUDGLQJRIJOXWDPDWH
0HWKRGV3RVWPRUWHPWLVVXHVRI6$'DFFRUGLQJWR%UDDNVWDJHV,,,,9Q 
6$'DFFRUGLQJWR%UDDNVWDJHV99,Q 3DUNLQVRQGLVHDVHDFFRUG
LQJ WR%UDDN VWDJHV ,,, ,9 Q 3DUNLQVRQ'LVHDVH DFFRUGLQJ WR%UDDN
VWDJHV99,Q DQGDJHDQGJHQGHUPDWFKHGQHJDWLYHFRQWUROV Q 
ZHUHHQUROOHGWRWKLVVWXG\51$IURPJ\UXVIURQWDOLVPHGLXVDPPRQCVKRUQ
DQGFHUHEHOOXPZHUHDQDO\]HG IRUJHQHH[SUHVVLRQSDWWHUQYLD$II\PHWUL[
+XPDQ*HQRPH8$	%VHWJHQHFKLSDUUD\V
5HVXOWV7KHH[SUHVVLRQSDWWHUQVRIJOXWDPDWHUHFHSWRUVDQGWKHLUVXEXQLWV
JOXWDPDWHUHFHSWRULQWHUDFWLQJSURWHLQVJOXWDPDWHWUDQVSRUWHUDQGJOXWDPDWH
GHFDUER[\ODVHVKRZGLIIHUHQFHVDFFRUGLQJWRWKHYXOQHUDELOLW\RIEUDLQUH
JLRQVDQGWKHFRXUVHRI6$'7KHVHGDWDDUHGLIIHUHQWFRPSDUHGWRDQRWKHU
GHJHQHUDWLYHGLVRUGHU3DUNLQVRQGLVHDVH
&RQFOXVLRQV([FLWR[LFLW\SUREDEO\SOD\VDSLYRWDOUROHDVZHOODVLQHDUO\
DQG DV LQ DGYDQFHG FRXUVH RI 6$'$PRQJ RWKHU IDFWRUV WKH H[SUHVVLRQ
SDWWHUQV RI GLIIHUHQW JOXWDPDWHUJLF IDFLOLWDWH WKH QHXURWR[LF SRWHQWLDO RI
HQGRJHQRXVJOXWDPDWH
7KHVHGDWDKDYHWREHFRQ¿UPHGE\UHDOWLPH573&57KHFRPELQDWLRQRI
H[SUHVVLRQSDWWHUQVRIGLIIHUHQWJOXWDPDWHUJLFJHQHVVKRXOGEHLQYHVWLJDWHG
IRUWKHVXLWDELOLW\DVHDUO\ELRORJLFDOPDUNHUVRI6$'LQEORRGVDPSOHVRI
0&,SDWLHQWV
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+DPSHO + 7HLSHO 6- 7RWDO DQG SKRVSKRU\ODWHG WDX SURWHLQV HYDOXDWLRQ
DVFRUHELRPDUNHUFDQGLGDWHV LQ IURQWRWHPSRUDOGHPHQWLD'HPHQW*HULDWU
&RJQ'LVRUG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+RQJ 0 /HH 90 ,QVXOLQ DQG LQVXOLQOLNH JURZWK IDFWRU UHJXODWH WDX
SKRVSKRU\ODWLRQ LQ FXOWXUHG KXPDQ QHXURQV - %LRO &KHP  $XJ
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+R\HU6&DXVHVDQGFRQVHTXHQFHVRIGLVWXUEDQFHVRIFHUHEUDOJOXFRVHPH
WDEROLVPLQVSRUDGLF$O]KHLPHUGLVHDVHWKHUDSHXWLFLPSOLFDWLRQV$GY([S
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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+\QG 05 6FRWW +/ 'RGG 35 *OXWDPDWHPHGLDWHG H[FLWRWR[LFLW\ DQG
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2VDND8QLYHUVLW\*UDGXDWH6FKRRORI0HGLFLQH-DSDQ
.HQML,VRH:DGD+LGHQDJD<DPDPRUL%HJXP1XUXQ1HVVD
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2EMHFWLYHV7KHGHYHORSPHQWRIGLDJQRVWLFPDUNHUVIRUHDUOLHUDQGPRUHUH
OLDEOHGLDJQRVLVRI$O]KHLPHUGLVHDVH$'LVHVVHQWLDOSDUWLFXODUO\EHFDXVH
WKHUDSHXWLFPHGLFDWLRQKDVEHHQDYDLODEOHIRU$'&HUHEURVSLQDOÀXLG&6)
LVRQHRIXVHIXOVRXUFHVRIGLDJQRVWLFLQIRUPDWLRQ3UHYLRXVO\XVHIXOQHVVRI
DP\ORLGEHWDDQGWDXSURWHLQHVSHFLDOO\SKRVSKRU\ODWHGWDXSURWHLQLQ&6)
ZHUHUHSRUWHG7RVHDUFKQHZELRORJLFDOPDUNHUVPRUHUHODWHGWRQHXURGH
JHQHUDWLYHSURFHVVLQ$'ZHLQYHVWLJDWHGRWKHUPRGL¿FDWLRQVRIWDXSURWHLQ
LQ$'EUDLQDQGWULHGWRHYDOXDWHWKHSRVVLELOLW\RIWKRVHPRGL¿HGWDXDVD
ELRORJLFDOGLDJQRVWLFPDUNHUIRU$'
0HWKRGV)LUVWR[LGL]HGWDXSURWHLQLQ&6)IURP$'DQGFRQWUROVXEMHFWV
ZDV LQYHVWLJDWHG2[LGL]HGSURWHLQFRQWDLQLQJFDUERQ\O UHVLGXHFRYDOHQWO\
ERXQGZLWKGLQLWURSKHQRO'13ZDVH[DPLQHGE\ZHVWHUQEORWWLQJHP
SOR\LQJDQWL'13DQWLERG\IRUGHYHORSPHQW6HFRQGWKH¿UVWPHWKLRQLQH
GHOHWHGWDXSURWHLQZDVH[DPLQHG7KLVFOHDYHGWDXSURWHLQKDGDSRVVLELOLW\
WRLQWHUDFWZLWKRQHRIDQWLDSRSWRWLFSURWHLQVWKHUHIRUHELQGLQJRIWKHSHS
WLGHVFRUUHVSRQGLQJWRWKH¿UVWPHWKLRQLQHGHOHWHGWDXDQGQRUPDOWDXZDV
LQYHVWLJDWHG$QGWKHDQWLERG\WKDWUHFRJQL]HGWKH¿UVWPHWKLRQLQHGHOHWHG
WDXSURWHLQZDVUDLVHGDQG&6)VDPSOHVIURP$'DQGFRQWUROVXEMHFWVZHUH
LQYHVWLJDWHGE\ZHVWHUQEORWWLQJ
5HVXOWV)LUVWR[LGL]HG WDXSURWHLQ LQ&6)ZDV LQFUHDVHG LQ$'SDWLHQWV
7KLV PHWKRG PLJKW GLIIHUHQWLDWH $' IURP RWKHU QHXURORJLFDO GLVHDVHV
LQFOXGLQJ QRUPDO SUHVVXUH K\GURFHSKDOXV 6HFRQG ELQGLQJ RI WKH ¿UVW
PHWKLRQLQHGHOHWHG WDXSURWHLQZDVH[DPLQHG DQG WKDW WKHELQGLQJRI WKH
SHSWLGHFRUUHVSRQGLQJWRWKH¿UVWPHWKLRQLQHGHOHWHGWDXEXWQRWWRQRUPDO
WDXZLWKRQHRIDQWLDSRSWRWLFSURWHLQVVXJJHVWLQJDFFHOHUDWLRQRIDSRSWRVLV
E\ LQKLELWLRQ RI WKH DQWLDSRSWRWLF SURWHLQ7KHZHVWHUQ EORW DQDO\VLVZDV
FDUULHGRXWHPSOR\LQJWKHDQWLERG\DJDLQVWWKH¿UVWPHWKLRQLQHGHOHWHGWDX
SURWHLQDQGLQFUHDVHRIWKHLPPXQRUHDFWLYLW\RI&6)WDXIURP$'SDWLHQWV
ZDVREVHUYHG7KHUHVXOWVVXJJHVWWKDWWKLVPRGL¿FDWLRQPLJKWEHLQYROYHG
LQQHXURGHJHQHUDWLYHDSRSWRWLFSURFHVVRI$'
&RQFOXVLRQV7ZRNLQGVRIPRGL¿HGWDXSURWHLQZHUHLQYHVWLJDWHGDQGWKH\
PLJKWEHXVHIXOPDUNHUVIRUGLIIHUHQWLDOGLDJQRVLVRI$'
5HIHUHQFHV
7DNHGD07DQDND7HWDO%DVLFDQGFOLQLFDOVWXGLHVRQWKHPHDVXUH
PHQWRIEHWDDP\ORLG  LQFHUHEURVSLQDOÀXLGDVDGLDJQRVWLFPDUNHU
IRU$O]KHLPHU¶VGLVHDVHDQGUHODWHGGLVRUGHUV0XOWLVWXG\LQ-DSDQ3V\FKR
JHULDWULFV
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(YDOXDWLRQRI3KRVSKRU\ODWHG7DX3URWHLQDVD&RUH
%LRPDUNHURI$'
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+DUDOG+DPSHO
/XGZLJ0D[LPLOLDQV8QLYHUVLW\0XQLFK*HUPDQ\
2EMHFWLYHV$ELRPDUNHURI$O]KHLPHU¶GLVHDVH$'FRXOGEHHVWDEOLVKHG
E\&6)DQDO\VLVRIQHXUR¿EULOODU\WDQJOHUHODWHGSDWKRORJ\0LFURWXEXOH
DVVRFLDWHGSURWHLQWDXLVDEQRUPDOO\SKRVSKRU\ODWHGSWDXLQ$'DQGDJ
JUHJDWHVDVSDLUHGKHOLFDO¿ODPHQWVLQQHXURELEULOODU\WDQJOHV
0HWKRGV 5HFHQWO\ LPPXQRDVVD\V KDYH EHHQ GHYHORSHG GHWHFWLQJ WDX DW
VSHFL¿F SKRVSKRU\ODWHG HSLWRSHV LQ &6) DV D SRWHQWLDO ELRORJLFDOPDUNHU
IRU$'
5HVXOWV&6)SWDXZDVKLJKO\LQFUHDVHGLQ$'FRPSDUHGWRKHDOWK\FRQWUROV
DQGRWKHUQHXURORJLFDOGLVRUGHUVDQGIXUWKHUGLIIHUHQWLDWHG$'IURPLWVPRVW
UHOHYDQW GLIIHUHQWLDO GLDJQRVHV  LQFOXGLQJ IURQWRWHPSRUDO GHPHQWLD 
DQGPDMRUGHSUHVVLRQ3WDXOHYHOVGHFOLQHGZLWKGLVHDVHSURJUHVVLRQ
FRUUHODWLQJ ZLWK FRJQLWLYH SHUIRUPDQFH DW EDVHOLQH  0LOG FRJQLWLYHO\
LPSDLUHGSDWLHQWVVKRZHGHOHYDWHGSWDXEDVHOLQHOHYHOFRUUHODWLQJZLWK
UDWHRIFRJQLWLYHGHFOLQHFRPSDUHGWRKHDOWK\FRQWUROV,QDFRPSDUDWLYH
VWXG\SWDXUHDFKHGVSHFL¿FLW\OHYHOV!EHWZHHQ$'DQGWKHFRPELQHG
QRQ$'JURXSZKHQVHQVLWLYLW\ZDVVHWDW
&RQFOXVLRQV &XPXODWLYH GDWD LQGLFDWHV WKDW TXDQWL¿FDWLRQ RI &6) SWDX
LPSURYHV HDUO\ GHWHFWLRQ GLIIHUHQWLDO GLDJQRVLV DQG WUDFNLQJ RI GLVHDVH
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
SURJUHVVLRQ GXULQJ WKH SUHGHPHQWLD DQG FOLQLFDO VWDJHV RI$'7KH1,$
ELRORJLFDO PDUNHUV ZRUNLQJ JURXS UHFRPPHQGV SWDX DV D IHDVLEOH FRUH
ELRPDUNHU FDQGLGDWH IRU ODUJHVFDOH YDOLGDWLRQ VWXGLHV DVZHOO DV FOLQLFDO
GUXJVWXGLHV
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 &6) PDUNHUV IRU LQFLSLHQW $O]KHLPHUµV GLVHDVH
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WDXSURWHLQSKRVSKRU\ODWHGDWWKUHRQLQH$UFK1HXURO
 +DPSHO +  7RWDO DQG SKRVSKRU\ODWHG WDX SURWHLQV (YDOXDWLRQ
DVFRUHELRPDUNHUFDQGLGDWHV LQ IURQWRWHPSRUDOGHPHQWLD'HPHQW*HULDWU
&RJQ'LVRUG
%XHUJHU. 'LIIHUHQWLDWLRQ RI*HULDWULF0DMRU'HSUHVVLRQ IURP
$O]KHLPHU¶V 'LVHDVH ZLWK &6) 7DX 3URWHLQ 3KRVSKRU\ODWHG DW 7KUHRQLQH
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+DPSHO+7UDFNLQJRI$O]KHLPHUCVGLVHDVHSURJUHVVLRQZLWK&6)
WDXSURWHLQSKRVSKRU\ODWHGDWWKUHRQLQH$QQ1HXURO
%XHUJHU.&6)WDXSURWHLQSKRVSKRU\ODWHGDWWKUHRQLQHFRU
UHODWHVZLWKFRJQLWLYHGHFOLQHLQ0&,VXEMHFWV1HXURORJ\
+DPSHO+ 0HDVXUHPHQWRISKRVSKRU\ODWHG WDX HSLWRSHV LQ WKH
GLIIHUHQWLDO GLDJQRVLV RI $O]KHLPHU GLVHDVH D FRPSDUDWLYH FHUHEURVSLQDO
ÀXLGVWXG\$UFK*HQ3V\FKLDWU\
)UDQN5%LRORJLFDOPDUNHUVIRUWKHUDSHXWLFWULDOVLQ$O]KHLPHU¶V
GLVHDVH3URFHHGLQJVRIWKHELRORJLFDOPDUNHUVZRUNLQJJURXS1,$LQLWLD
WLYH RQQHXURLPDJLQJ LQ$O]KHLPHU¶V GLVHDVH1DWLRQDO ,QVWLWXWH RQ$JLQJ
%LRORJLFDO0DUNHUV:RUNLQJ*URXS1HXURELRO$JLQJ
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(DUO\'LDJQRVWLF0DUNHUIRU$O]KHLPHUµV'LVHDVH
.DWVX\D8UDNDPL
6HFWLRQRI(QYLURQPHQWDQG+HDOWK6FLHQFH'HSDUWPHQWRI
%LRORJLFDO5HJXODWLRQ6FKRRORI+HDOWK6FLHQFH)DFXOW\RI
0HGLFLQH7RWWRUL8QLYHUVLW\<RKDJR-DSDQ
0L\DNR7DQLJXFKL
&6)WRWDO WDX LVDOUHDG\DFFHSWHGDVDGLDJQRVWLFPDUNHUIRU$'EXW&6)
WRWDO WDX OHYHO RI$'RYHUODSVZLWK WKDW RI FRQWUROV&RQVLGHULQJ WKDW WDX
SKRVSKRU\ODWLRQLV$'EUDLQGHWHFWLRQRISKRVSKRWDXSWDX LQ&6)PD\
LPSURYHWKHGLDJQRVLVRI$'
:HGHYHORSHGDVHQVLWLYHVDQGZLFK(Q]\PHLPPXQRDVVD\(,$IRUGHWHFW
LQJ&6)SWDXDQGVXUYH\HGDWRWDORI&6)VDPSOHV7KHUHVXOWVRI&6)
SWDX  OHYHOV LQ WKH$' JURXS ZHUH VLJQL¿FDQWO\ HOHYDWHG S
FRPSDUHGWRWKRVHLQDOOWKHRWKHUQRQ$'JURXSVLQFOXGLQJDFXWHQHXURORJL
FDOFRQGLWLRQVVXFKDVPHQLQJRHQFHSKDOLWLVDQG&UHXW]IHOGW-DFREGLVHDVH
5HFHLYHU RSHUDWLQJ FKDUDFWHULVWLFV 52& FXUYH DQDO\VLV GHPRQVWUDWHG D
VHQVLWLYLW\RIDQGDVSHFL¿FLW\RIIRUWKH&6)SWDX:H
HPSKDVL]H WKDW&6)SWDX LV WKH¿UVW WKDWH[FHHGERWKVHQVLWLYLW\DQG
VSHFL¿FLW\RYHUDVDVROHELRPDUNHUDQGLWDOVRPHHWVPDQ\RIRWKHU
UHFRPPHQGHGFULWHULDDVDQLGHDOELRPDUNHU:HDOVRH[DPLQHG&6)SWDX
OHYHOVLQWKHPLOGFRJQLWLYHLPSDLUPHQW0&,7KHUHVXOWVRI&6)SWDX
OHYHOVLQWKH0&,JURXSZHUHVLJQL¿FDQWO\HOHYDWHGSFRPSDUHG
WRWKRVHLQWKHFRQWUROJURXSV:HIRXQGWKDW&6)SWDXPD\EHXVHIXO
IRUGLDJQRVLVIRU0&,DVZHOODV$'
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
6\VWHPDWLF5HYLHZRI3V\FKRORJLFDO$SSURDFKHVWRWKH
0DQDJHPHQWRI1HXURSV\FKLDWULF6\PSWRPVRI'HPHQWLD
6
6\VWHPDWLF5HYLHZRI3V\FKRVRFLDODQG0LOLHX$SSURDFKHVWR
0DQDJLQJ1HXURSV\FKLDWULF6\PSWRPV2I'HPHQWLD
.DWH-RKQVWRQ
'HSDUWPHQWRI0HQWDO+HDOWK6FLHQFHV8QLYHUVLW\&ROOHJH/RQ
GRQ&DPGHQDQG,VOLQJWRQPHQWDOKHDOWKDQGVRFLDOFDUHWUXVW
/RQGRQ8.
*LOO/LYLQJVWRQ&RUQHOLXV.DWRQD-RQL3DWRQ
&RQVWDQWLQH/\NHWVRV
2EMHFWLYHV 7R UHYLHZ V\VWHPDWLFDOO\ WKH OLWHUDWXUH RQ SV\FKRVRFLDO DQG
PLOLHX DSSURDFKHV WR WUHDWLQJ WKH QHXURSV\FKLDWULF V\PSWRPV 136 RI
GHPHQWLD
0HWKRGV7KHUHYLHZLQFOXGHGDQ\WKHUDS\GHULYHGIURPDSV\FKRVRFLDODQG
PLOLHXDSSURDFKWKDWVDWLV¿HGSUHVSHFL¿HGFULWHULD:HH[WUDFWHGGDWDDQG
DVVLJQHGD&HQWUHIRU(YLGHQFH%DVHG0HGLFLQH&(%0OHYHORIHYLGHQFH
WRLQGLYLGXDOVWXGLHV7KHVHUDQJHIURPZLWKEHLQJDJRRGTXDOLW\UDQ
GRPLVHGFRQWUROOHGWULDO5&7ZLWKQDUURZFRQ¿GHQFHLQWHUYDOVDQGEHLQJ
VLQJOHFDVHVWXGLHV:HWKHQJDYHDQRYHUDOOUDWLQJJUDGHRIUHFRPPHQGD
WLRQ*5WRHDFKW\SHRILQWHUYHQWLRQDFFRUGLQJWR&(%0FULWHULDUDQJLQJ
IURP$'$ LQGLFDWHVJRRGTXDOLW\5&7VDQG' LQGLFDWHV LQFRQVLVWHQWRU
LQFRQFOXVLYHVWXGLHV
5HVXOWV 0XVLFPXVLF WKHUDS\07 ZDV WKH FRPPRQHVW IRUP RI VHQVRU\
HQKDQFHPHQW:HLGHQWL¿HG07LQWHUYHQWLRQV7KH*5IRUPXVLFWKHUDS\
IRU DPHOLRUDWLRQ RI GLVUXSWLYH EHKDYLRXU GXULQJ WKH LQWHUYHQWLRQ ZDV %
7KHUHZDVKRZHYHUQRHYLGHQFHWKDWPXVLFWKHUDS\LVDXVHIXOLQWHUYHQWLRQ
IRU136LQWKHORQJHUWHUP:HIRXQGWULDOVRI6QRH]HOHQWKHUDS\PXOWL
VHQVRU\VWLPXODWLRQ0667KH*5IRU6QRH]HOHQWRDPHOLRUDWHGLVUXSWLYH
EHKDYLRXUGXULQJWKHSHULRGRI WUHDWPHQWZDV%EXW WKHHIIHFWVZHUHRQO\
DSSDUHQWIRUDYHU\VKRUWWLPHDIWHUWKHVHVVLRQ)RURWKHUIRUPVRIVHQVRU\
VWLPXODWLRQVLPXODWHGSUHVHQFHWKHUDS\WKHUDSHXWLFDFWLYLW\0RQWHVVRULDF
WLYLWLHVH[HUFLVHHQIRUFHGVRFLDOLQWHUDFWLRQGHFUHDVHGVHQVRU\VWLPXODWLRQ
WKHXVHRIPLUURUV VLJQSRVWLQJXQORFNLQJGRRUVDQGJURXS OLYLQJ WKH*5
ZDV'7KHUHZDVOLWWOHHYLGHQFHUHJDUGLQJFKDQJLQJWKHYLVXDOHQYLURQPHQW
EXWLWZDVDOOSRVLWLYHDQGWKH*5ZDV&
&RQFOXVLRQV0XVLFWKHUDS\DQGVQRH]HOHQZHUHXVHIXOGXULQJWKHWUHDWPHQW
VHVVLRQ EXW KDG QR ORQJHUWHUP HIIHFWV 6SHFL¿F HGXFDWLRQ IRU FDUHJLYLQJ
VWDII DERXW PDQDJLQJ 136 EXW RWKHU HGXFDWLRQDO LQWHUYHQWLRQV ZHUH QRW
&KDQJLQJ WKH YLVXDO HQYLURQPHQW ORRNHG SURPLVLQJ EXW PRUH UHVHDUFK LV
QHHGHG/DFNRIHYLGHQFHUHJDUGLQJRWKHUWKHUDSLHVLVQRWHYLGHQFHRIODFN
RI HI¿FDF\ )XWXUH UHVHDUFK VKRXOG DLP WR XVH VWDQGDUGLVHG LQWHUYHQWLRQV
ZKLFKFDQEHLQGLYLGXDOLVHGDVORQJDVWKHLUEDVLFSULQFLSOHVDUHDGKHUHGWR
VRWKDWLIVXFFHVVIXOWKH\FDQEHXVHGLQRWKHUSRSXODWLRQV
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6\VWHPDWLF5HYLHZRI3V\FKRORJLFDO$SSURDFKHVWR0DQDJLQJ
1HXURSV\FKLDWULF6\PSWRPVZLWK&DUHJLYHUV
*LOO/LYLQJVWRQ
'HSDUWPHQWRI0HQWDO+HDOWK6FLHQFHV8QLYHUVLW\&ROOHJH/RQ
GRQ&DPGHQDQG,VOLQJWRQPHQWDOKHDOWKDQGVRFLDOFDUHWUXVW
/RQGRQ8.
.DWH-RKQVWRQ&RUQHOLXV.DWRQD-RQL3DWRQ
&RQVWDQWLQH/\NHWVRV
2QEHKDOIRIWKH:RUOG)HGHUDWLRQRI%LRORJLFDO3V\FKLDWU\ROG
DJHWDVNIRUFH
2EMHFWLYHV 7R UHYLHZ V\VWHPDWLFDOO\ WKH OLWHUDWXUH RQ SV\FKRORJLFDO DS
SURDFKHV WR WUHDWLQJ WKH QHXURSV\FKLDWULF V\PSWRPV 136 RI GHPHQWLD
WKURXJKWKHIDPLO\DQGIRUPDOFDUHJLYHU
0HWKRGV7KH UHYLHZ LQFOXGHGDQ\ WKHUDS\GHULYHG IURPDSV\FKRORJLFDO
DSSURDFKWKDWVDWLV¿HGSUHVSHFL¿HGFULWHULD:HH[WUDFWHGGDWDDQGDVVLJQHG
D&HQWUHIRU(YLGHQFH%DVHG0HGLFLQH&(%0OHYHORIHYLGHQFHWRLQGL
YLGXDOVWXGLHV7KHVHUDQJHIURPZLWKEHLQJDJRRGTXDOLW\UDQGRPLVHG
FRQWUROOHGWULDO5&7ZLWKQDUURZFRQ¿GHQFHLQWHUYDOVDQGEHLQJVLQJOH
FDVHVWXGLHV:HWKHQJDYHDQRYHUDOOUDWLQJJUDGHRIUHFRPPHQGDWLRQ*5
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
WRHDFKW\SHRILQWHUYHQWLRQDFFRUGLQJWR&(%0FULWHULDUDQJLQJIURP$'
$LQGLFDWHVJRRGTXDOLW\5&7VDQG'LQGLFDWHVLQFRQVLVWHQWRULQFRQFOXVLYH
VWXGLHV
5HVXOWVSDSHUVZHUHLGHQWL¿HGUHSRUWLQJSV\FKRORJLFDODSSURDFKHVZLWK
IDPLO\FDUHJLYHUVGHVLJQHG WRDPHOLRUDWH WKH136RU IUHTXHQF\RI LQVWLWX
WLRQDOLVDWLRQRISHRSOHZLWKGHPHQWLD7KH*5IRUWHDFKLQJFDUHJLYHUV%07
WRPDQDJHSV\FKRORJLFDOV\PSWRPVZDV'7KH*5IRU%07LQWKHIRUPRI
SV\FKRHGXFDWLRQDQGWHDFKLQJWKHFDUHJLYHUKRZWRFKDQJHWKHLULQWHUDFWLRQ
ZDV$DQGWKHHIIHFWODVWHGPRQWKV1LQHVWXGLHVLQYHVWLJDWHGVWDIIWUDLQLQJ
HGXFDWLRQIRU1367KH*5IRUVSHFL¿FVWDIIHGXFDWLRQSURJUDPPHVLQPDQ
DJLQJ136FDUHZDV%6SHFL¿FHGXFDWLRQIRUFDUHJLYLQJVWDIIZDVHIIHFWLYH
LQPDQDJLQJ136EXWRWKHUHGXFDWLRQDOLQWHUYHQWLRQVZHUHQRW
'LVFXVVLRQ 2QO\ VHOHFWHG EHKDYLRXU PDQDJHPHQW WKHUDSLHV DQG VSHFL¿F
W\SHV RI VWDII HGXFDWLRQ DSSHDU WR KDYH ODVWLQJ HIIHFWLYHQHVV IRU WKHPDQ
DJHPHQW RI GHPHQWLDDVVRFLDWHG 136 /DFN RI HYLGHQFH UHJDUGLQJ RWKHU
WKHUDSLHVLVQRWHYLGHQFHRIODFNRIHI¿FDF\0RUHKLJKTXDOLW\LQYHVWLJDWLRQ
LVQHHGHG
6
6\VWHPDWLF5HYLHZRI3V\FKRORJLFDO7KHUDS\IRU3DWLHQWVZLWK
1HXURSV\FKLDWULF6\PSWRPVRI'HPHQWLD
&RUQHOLXV.DWRQD
.HQW,QVWLWXWHRI0HGLFLQHDQG+HDOWK6FLHQFHV8QLYHUVLW\RI
.HQW&DQWHUEXU\.HQW8.
*LOO/LYLQJVWRQ.DWH-RKQVWRQ-RQL3DWRQ&RQVWDQWLQH/\NHWVRV
2QEHKDOIRIWKH:RUOG)HGHUDWLRQRI%LRORJLFDO3V\FKLDWU\ROG
DJHWDVNIRUFH
%DFNJURXQG7KHQHXURSV\FKLDWULF V\PSWRPVRI GHPHQWLD 136 LQFOXGH
VLJQV DQG V\PSWRPV RI GLVWXUEHG SHUFHSWLRQ WKRXJKW FRQWHQW PRRG RU
EHKDYLRXU$ERXW D WKLUG RI GHPHQWLD SDWLHQWV ZLWK PLOG LPSDLUPHQW DQG
WZR WKLUGV ZLWK PRUH VHYHUH LPSDLUPHQW KDYH FOLQLFDOO\ VLJQL¿FDQW 136
7KLV V\VWHPDWLF UHYLHZRI WKH HI¿FDF\RIGLIIHUHQW W\SHVRISV\FKRORJLFDO
LQWHUYHQWLRQWDUJHWHGDWSDWLHQWVZLWKGHPHQWLDIRUWUHDWLQJWKHLUQHXURSV\
FKLDWULFV\PSWRPVDVVHVVHVWKHPXVLQJ&HQWUHIRU(YLGHQFH%DVHG0HGLFLQH
&(%0FULWHULDLQRUGHUWRDOORZFOLQLFLDQVWRLPSOHPHQWUDWLRQDOPDQDJH
PHQWSODQV
0HWKRGV7KHPDWHULDO UHSRUWHG LV SDUW RI D ODUJHU UHYLHZRI SV\FKRORJL
FDO DQG SV\FKRVRFLDO LQWHUYHQWLRQV IRU1367KLV SUHVHQWDWLRQ IRFXVHV RQ
SDWLHQWWDUJHWHGWKHUDS\GHULYHGIURPDSV\FKRORJLFDODSSURDFKWKDWVDWLV¿HG
SUHVSHFL¿HGFULWHULD:HVHDUFKHGHOHFWURQLFGDWDEDVHVXQWLO-XO\DQG
UHIHUHQFHVRI UHYLHZDUWLFOHV IRU VWXGLHV WKDW UHSRUWHGSV\FKRORJLFDO LQWHU
YHQWLRQVIRUSHRSOHZLWKGHPHQWLDZKLFKZHUHHLWKHUDGLUHFWRUSUR[\PHDV
XUH RI EHKDYLRXUDO RU SV\FKRORJLFDO FKDQJH LQ SHUVRQZLWK GHPHQWLD:H
H[WUDFWHGGDWDDQGDVVLJQHGD&(%0OHYHORIHYLGHQFHWRLQGLYLGXDOVWXGLHV
7KHVH UDQJH IURPZLWKEHLQJ DJRRGTXDOLW\ UDQGRPLVHG FRQWUROOHG
WULDO5&7ZLWKQDUURZFRQ¿GHQFHLQWHUYDOVDQGEHLQJVLQJOHFDVHVWXG
LHV2QFHWKH/2(ZDVDVVLJQHGZHGLYLGHGWKHLQWHUYHQWLRQVLQWRGHPHQWLD
VSHFL¿FWKHUDSLHVPDLQO\UHPLQLVFHQFHWKHUDS\YDOLGDWLRQWKHUDS\UHDOLW\
RULHQWDWLRQ DQG FRJQLWLYH VWLPXODWLRQ DQG QRQVSHFL¿F WKHUDSLHV PDLQO\
EHKDYLRXUPDQDJHPHQW WHFKQLTXHV)RUHDFKFODVVRI LQWHUYHQWLRQZHDV
VLJQHGDJUDGHRIUHFRPPHQGDWLRQ*5UDQJLQJIURP$FRQVLVWHQW OHYHO
VWXGLHV WR'OHYHOVWXGLHVRU WURXEOLQJO\LQFRQVLVWHQWRU LQFRQFOXVLYH
VWXGLHVDWDQ\OHYHO
5HVXOWV2YHUDOOZHLGHQWL¿HGSDSHUVRIZKLFKVDWLV¿HGLQFOXVLRQ
FULWHULD  RI WKHVH DGGUHVVHG SDWLHQWWDUJHWHG SV\FKRORJLFDO DSSURDFKHV
&RJQLWLYHVWLPXODWLRQDQGEHKDYLRXUDOPDQDJHPHQW WHFKQLTXHVFHQWUHGRQ
LQGLYLGXDOSDWLHQWV¶EHKDYLRXUERWKZLWK*5RI%ZHUHHIIHFWLYHWUHDWPHQWV
DQG WKHLU EHQH¿WV ODVWHG IRUPRQWKV5HPLQLVFHQFH YDOLGDWLRQ DQG UHDOLW\
RULHQWDWLRQDOOVKRZHGLQFRQVLVWHQWUHVXOWVDQGD*5RI'
'LVFXVVLRQ 2QO\ FRJQLWLYH VWLPXODWLRQ DQG VHOHFWHG EHKDYLRXU PDQDJH
PHQW WKHUDSLHV DSSHDU WREH HIIHFWLYH7KH\KDYH ODVWLQJHIIHFWLYHQHVV IRU
WKHPDQDJHPHQWRIGHPHQWLDDVVRFLDWHG136/DFNRIHYLGHQFH UHJDUGLQJ
RWKHUWKHUDSLHVLVQRWHYLGHQFHRIODFNRIHI¿FDF\&RQFOXVLRQVDUHOLPLWHG
EHFDXVHRIWKHSDXFLW\RIKLJKTXDOLW\UHVHDUFK0RUHKLJKTXDOLW\LQYHVWLJD
WLRQLVQHHGHG
6
6\VWHPDWLF5HYLHZRI3V\FKRORJLFDO7KHUDS\IRU
'HPHQWLD&DUHJLYHUV
$PEHU6HOZRRG
'HSDUWPHQWRI0HQWDO+HDOWK6FLHQFHV8QLYHUVLW\&ROOHJH/RQ
GRQ&DPGHQDQG,VOLQJWRQPHQWDOKHDOWKDQGVRFLDOFDUHWUXVW
/RQGRQ8.
.DWH-RKQVWRQ&RUQHOLXV.DWRQD-RQL3DWRQ*LOO/LYLQJVWRQ
2EMHFWLYHV&DUHJLYLQJIRUSHRSOHZLWKGHPHQWLDLVDVVRFLDWHGZLWKEXUGHQ
VWUHVVGLVWUHVVDQGSV\FKRORJLFDOPRUELGLW\7KLVV\VWHPDWLFUHYLHZRIWKH
HI¿FDF\RIGLIIHUHQWW\SHVRILQWHUYHQWLRQVIRUFDUHJLYHUVDVVHVVHVWKHPXV
LQJ&HQWUHIRU(YLGHQFH%DVHG0HGLFLQH&(%0FULWHULDLQRUGHUWRDOORZ
FOLQLFLDQVWRLPSOHPHQWUDWLRQDOPDQDJHPHQWSODQV
0HWKRGV:HVHDUFKHGHOHFWURQLFGDWDEDVHVXQWLO-XO\DQGUHIHUHQFHV
RI UHYLHZ DUWLFOHV IRU VWXGLHV ZKLFK UHSRUWHG SV\FKRORJLFDO LQWHUYHQWLRQV
ZLWK D TXDQWLWDWLYH SV\FKRORJLFDO RXWFRPH IRU IDPLO\ FDUHJLYHUV:H H[
WUDFWHGGDWDDQGDVVLJQHGD&(%0OHYHORIHYLGHQFHWRLQGLYLGXDOVWXGLHV
7KHVH UDQJH IURPZLWKEHLQJ DJRRGTXDOLW\ UDQGRPLVHG FRQWUROOHG
WULDO5&7ZLWKQDUURZFRQ¿GHQFHLQWHUYDOVDQGEHLQJVLQJOHFDVHVWXGLHV
2QFHWKHOHYHORIHYLGHQFH/2(ZDVDVVLJQHGZHGLYLGHGWKHLQWHUYHQWLRQV
LQWRIRXUFDWHJRULHVSV\FKRHGXFDWLRQEHKDYLRXUDOPDQDJHPHQWWHFKQLTXHV
%07VXSSRUWLYHWKHUDS\67DQGGHPHQWLDVSHFL¿FWKHUDS\'67:H
WKHQJDYHD&(%0JUDGHRI UHFRPPHQGDWLRQ *5 IRU HDFK LQWHUYHQWLRQ
UDQJLQJIURP$'$LQGLFDWHVJRRGTXDOLW\5&7VDQG'LQGLFDWHVLQFRQVLVW
HQWRULQFRQFOXVLYHVWXGLHV
5HVXOWV:HKDYHLGHQWL¿HGUHIHUHQFHV2IWKHVHKDYHEHHQLQFOXGHG
VRIDUDQGKDYH\HWWREHLGHQWL¿HG7KHUHZHUHVWXGLHVRISV\FKRHGX
FDWLRQ7KHRQO\OHYHO5&7UHSRUWHGQRGLIIHUHQFHLQRXWFRPHLQWHUPVRI
GHSUHVVLRQ7KHRWKHU5&7VDOVR VKRZHGQREHQH¿WRI WKH LQWHUYHQWLRQ
2QHRIWKHIXUWKHUWZROHYHOVWXGLHVIRXQGDVLJQL¿FDQWLQFUHDVHLQEXUGHQ
DQGRQHQRVLJQL¿FDQWGLIIHUHQFH7KH*5IRUSV\FKRHGXFDWLRQLV'DVWKH
EHVW VWXGLHV VXJJHVW LW LV LQHIIHFWLYH7KHUHZHUH  VWXGLHV RI%07 6L[
ZHUHOHYHODQGIRXQGVLJQL¿FDQWLPSURYHPHQWVLQDQ[LHW\DQGGHSUHVVLYH
V\PSWRPV EXUGHQ ZHOOEHLQJ DQG FRSLQJ VNLOOV ERWK LPPHGLDWHO\ DQG DW
YDU\LQJWLPHVXSWR\HDUV0RVWRIWKHRWKHUVWXGLHVDOVRUHSRUWHGSRVLWLYH
UHVXOWV7KHRYHUDOO*5IRU%07LV$7KHUHZHUHVWXGLHVRI67RIZKLFK
ZHUH5&7V7KHRQO\ OHYHO  VWXG\ VKRZHGQR VLJQL¿FDQW GLIIHUHQFH LQ
HLWKHU GHSUHVVLRQ RU EXUGHQ$ ODUJH OHYHO  VWXG\ VKRZHG QR GLIIHUHQFH
LQ GHSUHVVLYH V\PSWRPV EXW D VPDOO OHYHO  VWXG\ VKRZHG LPSURYHPHQW
LQGHSUHVVLYHV\PSWRPVEXWQRWLQEXUGHQ7KH*5IRU67LV'DVWKHUHLV
KLJKOHYHOHYLGHQFHWKDWLWLVLQHIIHFWLYH7KHUHZHUHVWXGLHVRI'672QH
YHU\ VPDOO SLORW5&7RI FRJQLWLYH VWLPXODWLRQ WKHUDS\ &67ZLWKSHRSOH
ZLWKGHPHQWLDIRXQGDVLJQL¿FDQWGHFUHDVHLQSV\FKRORJLFDOGLVWUHVVLQWKH
FDUHJLYHU$ OHYHO  VWXG\ RI&67 UHSRUWHG VLJQL¿FDQW LQFUHDVH LQ EXUGHQ
DQGGHSUHVVLYHV\PSWRPVLQWKHQRQWUHDWPHQWJURXSZLWKQRFKDQJHLQWKH
WUHDWPHQWJURXS$OHYHOVWXG\RIOLIHUHYLHZOHDGWRUHGXFHGEXUGHQLQWKH
LQWHUYHQWLRQJURXS7KH*5IRU'67LV&
&RQFOXVLRQV %07 DUH HIIHFWLYH LQ PDQDJLQJ SV\FKRORJLFDO GLVWUHVV DQG
EXUGHQLQFDUHJLYHUVRISHRSOHZLWKGHPHQWLDERWKLPPHGLDWHO\DQGIRUXS
WR\HDUV3V\FKRHGXFDWLRQDQG67GRQRWZRUN)XUWKHUHYLGHQFHLVQHHGHG
UHJDUGLQJ'67
6
9DVFXODU5LVN)DFWRUVDQG0HQWDO+HDOWKLQ2OGHU3HRSOH
6
([HUFLVHDQG9DVFXODU5LVN)DFWRUVLQ'HSUHVVLRQRI$'7KH
/$6(56WXG\
*LOO/LYLQJVWRQ
'HSDUWPHQWRI0HQWDO+HDOWK6FLHQFHV8QLYHUVLW\&ROOHJH/RQ
GRQ&DPGHQDQG,VOLQJWRQPHQWDOKHDOWKDQGVRFLDOFDUHWUXVW
/RQGRQ8.
5HJDQ&.DWRQD&:DONHU=
2EMHFWLYHV 'HSUHVVLRQ LV FRPPRQ LQ$O]KHLPHU¶V GLVHDVH $' 
DQG DVVRFLDWHG ZLWK LQFUHDVHG GLVDELOLW\ FRVW RI FDUH DQG FDUHU EXUGHQ
([HUFLVH LVNQRZQWREHDVVRFLDWHGZLWKD ORZHUSUHYDOHQFHRIGHSUHVVLRQ
DFURVVWKHDJHUDQJHEXWOLWWOHLVNQRZQDERXWLWVUHODWLRQVKLSWRGHSUHVVLRQ
.%52/$%'%.%2!4)6%¬$)3/2$%23¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
LQ$':HWKHUHIRUHDLPHGWRLQYHVWLJDWHH[HUFLVHYDVFXODUULVNIDFWRUVDQG
SXWDWLYHULVNIDFWRUVIRUGHSUHVVLRQLQDFRPPXQLW\EDVHGVDPSOHRISHRSOH
ZLWK$'
0HWKRGV,QIRUPDWLRQZDVFROOHFWHGIURPSHRSOHZLWK$'IURPDVDP
SOHGHVLJQHGWREHUHSUHVHQWDWLYHRISHRSOHZLWKGHPHQWLDLQWHUPVRIFRJQL
WLRQ JHQGHU DQG OLYLQJ VLWXDWLRQV DQG WKHLU FDUHJLYHU XVLQJ VWDQGDUGLVHG
FRJQLWLYHSV\FKRORJLFDODQGEHKDYLRXUDOLQVWUXPHQWV3K\VLFDOH[DPLQDWLRQ
DQGUHOHYDQWEORRGWHVWVZHUHSHUIRUPHG([HUFLVHOHYHOVZHUHFODVVL¿HGLQWR
WKUHH FDWHJRULHV DEVHQW PRGHUDWH DQG YLJRURXV XVLQJ WKH SUHYLRXV WZR
ZHHNVH[HUFLVHOHYHOVWRFRQ¿UPUHJXODULW\DQGUHFHQF\7KLVZDVSDUWRID
ODUJHORQJLWXGLQDOVWXG\RI$'
5HVXOWVGHSUHVVHGSDUWLFLSDQWVWRRNH[HUFLVHFRPSDUHGZLWK
 QRQGHSUHVVHG RGGV UDWLR 25  FRQ¿GHQFH LQWHUYDO
&,   S  7KHUH ZDV QR VLJQL¿FDQW UHODWLRQVKLS EHWZHHQ
GHSUHVVLRQDQGRWKHUYDVFXODUULVNIDFWRUV1RWWDNLQJSDUWLQRWKHUDFWLYLWLHV
KREELHVDQGLQWHUHVWVZDVDVVRFLDWHGZLWKGHSUHVVLRQEXWOHVVVRWKDQODFN
RI H[HUFLVH ,QGHSHQGHQW SUHGLFWRUV RI GHSUHVVLRQ ZHUH ODFN RI H[HUFLVH
S 25  &,  WDNLQJ FKROLQHVWHUDVH LQKLELWRUV S
25 &,  DQG KDYLQJ OHVV LQYROYHPHQW LQ KREELHV RU LQWHUHVWV
S25 &, 
&RQFOXVLRQV7UDGLWLRQDOULVNIDFWRUVIRUGHSUHVVLRQLQROGHUSHRSOHGRQRW
LQFUHDVHWKHULVNRIGHSUHVVLRQLQSHRSOHZLWK$''HSUHVVLRQLQ$'LVQRW
OLQNHGWRZRUVHQLQJFRJQLWLYHRUIXQFWLRQDOGHFOLQH7KHUHODWLRQVKLSRIGH
SUHVVLRQZLWKODFNRIH[HUFLVHGRHVQRWVHHPWREHDFFRXQWHGIRUE\UHYHUVH
FDXVDWLRQRUFRQIRXQGHUV,WPD\EHEHQH¿FLDOWRDGYLVHSHRSOHZLWK$'WR
WDNHUHJXODUH[HUFLVH
5HIHUHQFHV
5HJDQ&.DWRQD&:DONHU=DQG/LYLQJVWRQ*LQSUHVV([HUFLVHDQG
GHSUHVVLRQ LQ$O]KHLPHU¶V'LVHDVH7KH/$6(5$' VWXG\ ,QW -RXUQDO RI
*HULDWULF3V\FKLDWU\
/LYLQJVWRQ*.DWRQD&5RFKH%*XLOKDXPH&DQG5LYH% $
GHSHQGHQF\PRGHOIRUSDWLHQWVZLWK$O]KHLPHU¶VGLVHDVHLWVYDOLGDWLRQDQG
UHODWLRQVKLS WR WKHFRVWVRIFDUH± WKH/$6(5$'6WXG\&XUUHQW0HGLFDO
5HVHDUFKDQG2SLQLRQ
3DWRQ - -RKQVWRQ..DWRQD& DQG/LYLQJVWRQ* :KDW FDXVHV
SUREOHPV LQ$O]KHLPHU¶V GLVHDVH DWWULEXWLRQV E\ FDUHJLYHUV ,QWHUQDWLRQDO
-RXUQDORI*HULDWULF3V\FKLDWU\
6
'HSUHVVLRQDQG9DVFXODU'LVHDVH)RU6\PSRVLXP9DVFXODU
5LVN)DFWRUVDQG0HQWDO+HDOWKLQ2OGHU3HRSOH
'DYLG$PHV
8QLYHUVLW\RI0HOERXUQH'HSDUWPHQWRI3V\FKLDWU\5R\DO0HO
ERXUQH+RVSLWDO9LFWRULD$XVWUDOLD
2EMHFWLYHV 7R GHVFULEH WKH UHODWLRQVKLSV EHWZHHQ YDVFXODU GLVHDVH DQG
GHSUHVVLYHGLVRUGHUVLQROGHUSHRSOH
0HWKRGV 5HYLHZ RI OLWHUDWXUH DQG GHVFULSWLRQ RI RULJLQDO UHVHDUFK SHU
IRUPHGLQ0HOERXUQH
5HVXOWV &DUGLDF GLVHDVH LV DVVRFLDWHG ZLWK DQ LQFUHDVHG SUHYDOHQFH RI
GHSUHVVLRQDQGGHSUHVVLRQDSSHDUV WREHDULVNIDFWRUIRU WKHGHYHORSPHQW
RI LVFKDHPLFKHDUWGLVHDVH'HSUHVVHGP\RFDUGLDO LQIDUFWLRQ 0,SDWLHQWV
KDYH LQFUHDVHG GHDWK UDWHVZKHQ FRPSDUHG WR QRQGHSUHVVHG0, SDWLHQWV
7UHDWPHQWZLWKVHUWUDOLQHIRUGHSUHVVHG0,SDWLHQWVLVVDIHDQGHIIHFWLYHLQ
WUHDWLQJGHSUHVVLRQHVSHFLDOO\ZKHUHWKDWGHSUHVVLRQLVVHYHUHRUUHFXUUHQW
6XEWOHFHUHEURYDVFXODUGLVHDVH LVD ULVNIDFWRU IRU WKHGHYHORSPHQWRI ODWH
OLIHGHSUHVVLRQDQGLVDVVRFLDWHGZLWKSRRURXWFRPHIURPVXFKGHSUHVVLRQV
,QDPRQWK IROORZXSRIHOGHUO\0DMRU'HSUHVVLRQSDWLHQWV LQ0HO
ERXUQHQRVXEMHFWZLWKVHYHUHGHHSZKLWHPDWWHUK\SHULQWHQVLWLHVRQ05,
VFDQKDGDJRRG¿QDORXWFRPH
&RQFOXVLRQV)XUWKHUUHVHDUFKLVQHHGHGWRGHWHUPLQHZKHWKHUDQWLGHSUHV
VDQWWUHDWPHQWRIGHSUHVVHG0,SDWLHQWVFDQORZHUSRVW0,GHDWKUDWHVDQG
WR IXUWKHU HOXFLGDWH WKH UHODWLRQVKLS EHWZHHQ FHUHEURYDVFXODU GLVHDVH DQG
GHSUHVVLRQLQFHSWLRQDQGRXWFRPHLQODWHOLIH
5HIHUHQFHV
&KLX($PHV'.DWRQD& (GV 9DVFXODU'LVHDVH DQG$IIHFWLYH
'LVRUGHUV0DUWLQ'XQLW]/RQGRQ
6
9DVFXODU5LVN)DFWRUVLQ$O]KHLPHU¶V'LVHDVH7KH/$6(5
6WXG\
&LDUDQ5HJDQ
8QLYHUVLW\&ROOHJH/RQGRQ8.
.DWRQD&/LYLQJVWRQ*
2EMHFWLYHV7RWHVWWKHK\SRWKHVLVWKDWSDWLHQWVZKRKDYH$O]KHLPHU¶VGLV
HDVH$'DQGYDVFXODUULVNIDFWRUVKDYHDZRUVHSURJQRVLVRYHUPRQWKV
ZKHQFRPSDUHGWRWKRVHZLWKRXWWKHULVNIDFWRUVLQWHUPVRIFRJQLWLRQIXQF
WLRQDODELOLW\DQGQHXURSV\FKLDWULFV\PSWRPV136RIGHPHQWLDDVZHOODV
FDUHUGHSUHVVLRQDQGDQ[LHW\
0HWKRGV ,QIRUPDWLRQ ZDV FROOHFWHG IURP  SHRSOH ZLWK$' IURP D
VDPSOHGHVLJQHG WREH UHSUHVHQWDWLYHRISHRSOHZLWKGHPHQWLD LQ WHUPVRI
FRJQLWLRQ JHQGHU DQG OLYLQJ VLWXDWLRQV DQG WKHLU FDUHJLYHU XVLQJ VWDQG
DUGLVHGFRJQLWLYHSV\FKRORJLFDODQGEHKDYLRXUDO LQVWUXPHQWVDVSDUWRID
ODUJH ORQJLWXGLQDO VWXG\ RI$' 3K\VLFDO H[DPLQDWLRQ DQG UHOHYDQW EORRG
WHVWVZHUHSHUIRUPHG7KHYDVFXODUULVNJURXSZDVGH¿QHGDVWKRVHZLWKD
+DFKLQVNLVFRUH+,6RIWKHQRQYDVFXODUJURXSZHUHWKRVHVFRULQJ
2WKHU UHOHYDQW YDVFXODU IDFWRUV VXFK DV VPRNLQJ K\SHUWHQVLRQ FHUHEURY
DVFXODU GLVHDVH GLDEHWHV DQG WUHDWPHQW ZLWK DVSLULQ ZHUH LQFOXGHG LQ D
VHFRQGDU\DQDO\VLV
5HVXOWV ,Q WKH¿UVW SDUWLFLSDQWV FRPSOHWLQJ WKH PRQWK IROORZXS
WKRVHZKR KDG DQ+,6 RI  GHWHULRUDWHG OHVV LQ WHUPV RI FRJQLWLRQ 0LQL
0HQWDO6WDWH([DPLQDWLRQ>006(@DQG6HYHUH,PSDLUPHQW%DWWHU\>6,%@
1361HXURSV\FKLDWULF,QYHQWRU\>13,@DQGIXQFWLRQEXWQRQHRIWKHUHVXOWV
ZHUHVLJQL¿FDQW&DUHUVRISHRSOHZLWKD+,6VFRUHRILPSURYHGLQWHUPV
RISV\FKRORJLFDOV\PSWRPVEXWWKHVHZRUVHQHGLQWKHLUFRXQWHUSDUWVDQ[L
HW\SGHSUHVVLRQS:HFRQVLGHUHGSRVVLEOHFRQIRXQGHUVRI
RXWFRPH7KRVHZKRVWRSSHG&KROLQHVWHUDVHLQKLELWRUV&K(,GHWHULRUDWHG
PRUHUDSLGO\LQFRJQLWLRQ6,%YVS006(YV
SDQGIXQFWLRQ$'&6$'/YVSFRPSDUHGWR
WKRVHZKRGLGQRWEXWQRWLQ13,VFRUH7KHFDUHJLYHUVRISHRSOHZKRKDG
VWRSSHGWKHLU&K(,KDGVLJQL¿FDQWZRUVHQLQJLQGHSUHVVLYHEXWQRWDQ[LHW\
V\PSWRPVS7KHUHZDVQRVLJQL¿FDQWGLIIHUHQFHLQWHUPVRIGHFOLQH
RIFRJQLWLRQIXQFWLRQDODELOLWLHVDQG136EHWZHHQWKRVHZKRZHUHWUHDWHG
ZLWK &K(, DQG WKRVH ZKR ZHUH QRW ,Q PXOWLYDULDWH DQDO\VLV +,6 
SUHGLFWHGZRUVHQLQJDQ[LHW\DQGGHSUHVVLRQLQFDUHUV&XUUHQWVPRNLQJDQG
VWRSSLQJ&K(, SUHGLFWHGZRUVHQLQJ006( ,QLWLDO FRJQLWLYH VHYHULW\ DQG
VWRSSLQJ&K(,SUHGLFWHGZRUVHQLQJ6,%6WRSSLQJ&K(,SUHGLFWHGZRUVHQ
LQJ$'/DQG136
&RQFOXVLRQV 2XU ¿QGLQJV VXJJHVW WKDW YDVFXODU IDFWRUV DIIHFW RXWFRPH
LQ$':H DUH VWLOO LQWHUYLHZLQJ SHRSOH DQGZLOO SUHVHQW WKH IXOO UHVXOWV
2XUSUHOLPLQDU\DQDO\VLVUHÀHFWVSUHYLRXVUHVHDUFKLQWR&K(,VKRZLQJWKDW
WKHUDWHRIGHFOLQHLVQRWPRGL¿HGE\WUHDWPHQWDIWHUWKHLQLWLDOSKDVH7KH
GLUHFWLRQRI FDXVDOLW\ LVQRW FOHDU IURPRXU UHVXOWV LHZKHWKHU WKRVHZKR
DUH ZRUVHQLQJ KDG WKHLU GUXJV ZLWKGUDZQ RU ZKHWKHU ZLWKGUDZDO FDXVHG
GHWHULRUDWLRQ,QWKHODWWHUFDVHWKHPDJQLWXGHRIWKHHIIHFWLVYHU\LPSRUWDQW
IRUERWKWKHSHUVRQZLWK$'DQGWKHLUFDUHJLYHU
6
7KH3URMHFWHG1XPEHUVRI9DVFXODU'HPHQWLDLQ(XURSH
EHWZHHQWKH<HDUVDQG
-RKDQQHV:DQFDWD
0HGLFDO8QLYHUVLW\RI9LHQQD$XVWULD
0RQLND.UDXWJDUWQHU)DELDQ)ULHGULFK
2EMHFWLYHV6HYHUDODXWKRUVKDYHSRLQWHGRXWWKDWLQWKHQH[WGHFDGHVYDV
FXODUGHPHQWLDZLOODIIHFWDFRQVLGHUDEO\LQFUHDVLQJQXPEHURIWKHHOGHUO\
8QWLOQRZQRFDOFXODWLRQVRI WKHIXWXUHQXPEHUVRIYDVFXODUGHPHQWLDIRU
WKHZKROH(XURSHDQUHJLRQH[LVW7KXVZHSHUIRUPHGVXFKFDOFXODWLRQVIRU
YDVFXODUGHPHQWLDDQGDOOGHPHQWLDV
0HWKRGV7KHFDOFXODWLRQVRQWKHQXPEHUVRIGHPHQWLDFDVHVIRUWKHSHULRG
ZHUHEDVHGRQGLIIHUHQWYDULDQWVRI WKHSRSXODWLRQVSURMHFWLRQV
RI WKH8QLWHG1DWLRQV,QDGGLWLRQZHXVHGWKHUHVXOWVRISXEOLVKHGPHWD
DQDO\VHVRIHSLGHPLRORJLFDOVWXGLHVFRQGXFWHGLQ(XURSH
5HVXOWV ,Q WKH \HDU  PLOOLRQ (XURSHDQV VXIIHUHG IURP YDVFXODU
GHPHQWLD8QWLOWKH\HDULQ(XURSHWKHUHZLOOEHPLOOLRQSHUVRQV
ZLWKYDVFXODU GHPHQWLD PDLQSRSXODWLRQYDULDQW SURMHFWLRQ7KHQXPEHU
RIDOOGHPHQWLDFDVHVLQWKH\HDUZDVPLOOLRQ:LWKLQWKHQH[W
.%52/$%'%.%2!4)6%¬$)3/2$%23¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
\HDUV WKLV QXPEHUZLOO ULVH WR DERXW PLOOLRQ GHPHQWLD VXIIHUHUV7KH
QXPEHURIQHZFDVHVRIYDVFXODUGHPHQWLDSHU\HDUZLOOLQFUHDVHIURPDERXW
WKRXVDQGVLQWKH\HDUWRDERXWWKRXVDQGVLQWKH\HDU$V
VXPLQJWKDWPRUWDOLW\UHPDLQVFRQVWDQWZLWKLQWKHQH[W\HDUVLQWKH\HDU
WKHQXPEHURIYDVFXODUGHPHQWLDFDVHVZRXOGEHPDUNHGO\ORZHUWKDQ
WKDWRIWKHPDLQYDULDQWSURMHFWLRQ%XWVHWWLQJWKHLQWHUQDWLRQDOPLJUDWLRQ
WR ]HURZRXOG UHVXOW LQ QHDUO\ WKH VDPHQXPEHU RI FDVHV ,Q FRQWUDVW WKH
ZRUNLQJDJHSRSXODWLRQLVFRQVLGHUDEO\GHFUHDVLQJGXULQJWKHQH[W\HDUV
,QWKH\HDUPLOOLRQGHPHQWLDFDVHVIDFHGPLOOLRQVSHUVRQVLQ
ZRUNLQJDJH7KLV HTXDOV D UDWLR RI  SHUVRQV LQZRUNLQJDJH SHU RQH
GHPHQWHGSHUVRQ8QWLOWKH\HDUWKLVUDWLRZLOOGHFUHDVHWRRQO\
&RQFOXVLRQV9DVFXODUGHPHQWLDZLOOVKRZDQIROGLQFUHDVHZLWKLQWKH
QH[W\HDUV&RQVLGHULQJWKHIDFWWKDWYDVFXODUULVNIDFWRUVSOD\DQLPSRU
WDQW UROH DOVR IRURWKHUGHPHQWLDV WKHQXPEHUVPHQWLRQHGDERYHPXVWEH
MXGJHGDVYHU\FRQVHUYDWLYHHVWLPDWHV7KHEXUGHQSODFHGE\YDVFXODUDQG
RWKHUGHPHQWLDVRQWKHZRUNLQJDJHSRSXODWLRQZLOOULVHPDUNHGO\
5HIHUHQFHV
:DQFDWD-0XVDOHN0$OH[DQGURZLF]5.UDXWJDUWQHU01XPEHUV
RIGHPHQWLDVXIIHUHUVLQ(XURSHEHWZHHQWKH\HDUVDQG(XURSHDQ
3V\FKLDWU\
.%52/$%'%.%2!4)6%¬$)3/2$%23¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
$QLPDO0RGHOVLQ6FKL]RSKUHQLD
6
5HYHUVDORI5HGXFHG3UHSXOVH,QKLELWLRQLQ&3%.0LFHE\
6XEFKURQLF$GPLQLVWUDWLRQRI&OR]DSLQH±$Q$QLPDO0RGHORI
6FKL]RSKUHQLD"
5DLQHU:ROI
'HSWRI3V\FKLDWU\8QLYHUVLW\RI0DJGHEXUJ*HUPDQ\
2EMHFWLYHV7KHK\SRJOXWDPDWHUJLF K\SRWKHVLV RI VFKL]RSKUHQLD LV EDVHG
RQWKHSKHQF\FOLGLQH3&3LQGXFHGSV\FKRVLVLQPHQWDOO\KHDOWK\KXPDQV
DQG RQ VWXGLHV ZLWK VFKL]RSKUHQLF SDWLHQWV GHPRQVWUDWLQJ GH¿FLWV LQ SRVW
PRUWHPKLSSRFDPSDO1PHWK\O'DVSDUWDWH10'$UHFHSWRUJHQHH[SUHV
VLRQ )XUWKHUPRUH VFKL]RSKUHQLF SDWLHQWV FRQVLVWHQWO\ GLVSOD\ UHGXFHG
SUHSXOVHLQKLELWLRQ33,LQFRPSDULVRQWRQRUPDOFRQWUROVDQGWKLVORVVRI
VHQVRU\PRWRU JDWLQJ FDQ EH UHVWRUHG E\ WUHDWPHQWZLWK DW\SLFDO DQWLSV\
FKRWLF FOR]DSLQ$FFRUGLQJO\ZH FRPSDUHG WKH WZR LQEUHGPRXVH VWUDLQV
&3%.DQG%$/%F-ZLWKFRQVLGHUDEOHGLIIHUHQFHLQKLSSRFDPSDO10'$
UHFHSWRUGHQVLWLHVXWLOL]LQJWKHVHQVRULPRWRUJDWLQJSDUDGLJP
0HWKRGV$FRXVWLFVWDUWOHUHVSRQVH$65SUHSXOVHLQKLELWLRQ33,RIWKH
VWDUWOHUHÀH[DQGVWDUWOHKDELWXDWLRQ6+ZHUHPHDVXUHG
5HVXOWV  &3%. PLFH NQRZQ WR KDYH ORZHU OHYHOV RI KLSSRFDPSDO
10'$ UHFHSWRU GHQVLW\ GLVSOD\HG VLJQL¿FDQW ORZHU 33, LQ RSSRVLWH WR
%$/%F-PLFH %\ XVLQJ D UHSHDWHGPHDVXUHPHQW GHVLJQ VXEFKURQLF
WUHDWPHQW RYHU ZHHNVZLWK WKH DW\SLFDO DQWLSV\FKRWLF GUXJ FOR]DSLQH DW
D GDLO\ GRVLV RI  PJNJ JLYHQ LQWUDSHULWRQHDOO\ GLVSOD\HG D VLJQL¿FDQW
LQFUHDVH LQ 33, OHYHOV LQ WKH &3%. PLFH JURXS ZKLOH 33, LQ %$/%F-
UHPDLQHGVWDWLVWLFDOO\XQFKDQJHG
&RQFOXVLRQV:HFRXOGFRQ¿UPRXUZRUNLQJK\SRWKHVLVORZHUOHYHOVRI
KLSSRFDPSDOJOXWDPDWHUJLFUHFHSWRUGHQVLWLHVFRUUHVSRQGWRORZHUVHQVRUL
PRWRUJDWLQJLQ&3%.PLFHUHGXFHG33,OHYHOVLQ&3%.PLFHFDQEH
VLJQL¿FDQWO\UHYHUVHGE\VXEFKURQLFDQWLSV\FKRWLFWUHDWPHQWZLWKFOR]DSLQH
7KHUHIRUH IXUWKHU H[SHULPHQWV VKRXOGEHSHUIRUPHG LQRUGHU WRSURYH WKH
&3%.PRXVH VWUDLQ WRKDYH FRQVWUXFW IDFH DQGSUHGLFWLYHYDOLGLW\ DV DQ
DQLPDOPRGHORIVFKL]RSKUHQLD
6
'HYHORSLQJ*HQHWLF5DW0RGHOVIRU6FKL]RSKUHQLD
%DUW$(OOHQEURHN
5DGERXG8QLYHUVLW\RI1LMPHJHQWKH1HWKHUODQGV
-RFHOLHQ2OLYLHU(GZLQ&XSSHQ
2EMHFWLYHV6FKL]RSKUHQLDLVRQHRIWKHPRVWVHYHUHSV\FKLDWULFGLVHDVHVDI
ÀLFWLQJDERXWRIWKHSRSXODWLRQZRUOGZLGH$OWKRXJKIDPLO\VWXGLHVKDYH
FOHDUO\LQGLFDWHGDVWURQJJHQHWLFFRPSRQHQWVRIDUQRLPSRUWDQWFDQGLGDWH
JHQHVKDYHEHHQLGHQWL¿HG$QDOWHUQDWLYHVWUDWHJ\LVWRLQYHVWLJDWHZKHWKHU
JHQHWLF DOWHUDWLRQV LQ DQLPDOV FDQ LQGXFH VFKL]RSKUHQLDOLNH V\PSWRPV
8QIRUWXQDWHO\ DOWKRXJK WKH UDW LV WKH SUHIHUUHG VSHFLHV LQ QHXURVFLHQFH
UHVHDUFKLWKDVSURYHQGLI¿FXOWWRLQGXFHJHQHWLFDOWHUDWLRQVLQUDWV,QRXU
RQJRLQJ UHVHDUFK SURMHFW ZH DLP DW GHYHORSLQJ D PHWKRG IRU JHQHWLFDOO\
DOWHULQJWKHUDWFHQWUDOQHUYRXVV\VWHPDQGVWXG\WKHFKDQJHVLQEHKDYLRXU
DQGSKDUPDFRORJ\
0HWKRGV  0DOH IRXQGHU:LVWDU UDWV ZHUH WUHDWHG ZLWK WKH PXWDJHQLF
GUXJ(181(WK\O11LWURVRXUHD±PJNJ LSRQFHDZHHNIRU
ZHHNV DIWHUZKLFK WKH\ZHUH DOORZHG WRPDWHZLWK QRUPDO IHPDOHV7KH
RIIVSULQJ )ZDV VXEVHTXHQWO\ DQDO\VHG JHQRW\SLFDOO\ IRU DOWHUDWLRQV LQ
DSSURFLPDWHO\LPSRUWDQWFDQGLGDWHJHQHV$QLPDOVZLWKDQLQWHUHVWLQJ
JHQRW\SHDUHVXEVHTXHQWO\EUHGIXUWKHUWRKRPR]\JRVLW\LQRUGHUWRLQYHVWL
JDWHWKHIXQFWLRQDOFRQVHTXHQFHVRIWKHVHJHQHWLFDOWHUDWLRQV
5HVXOWV 7KH UHVXOWV VKRZ WKDW HVSHFLDOO\ WKH RIIVSULQJ WKH IRXQGHU UDWV
WUHDWHGZLWK WKH WZR KLJKHVW GRVHV RI (18  DQG PJNJ FRQWDLQHG
D VLJQL¿FDQW QXPEHU RI DQLPDOVZLWK JHQHWLFPXWDWLRQV7KHVHPXWDWLRQV
LQFOXGHGVLOHQWPXWDWLRQVQRQFRGLQJPXWDWLRQVDVZHOODVPXWDWLRQVOHDGLQJ
WR DPLQR DFLG FKDQJHV PLVVHQVHPXWDWLRQV RU WR D SUHPDWXUH VWRSFRGRQ
QRQVHQVHPXWDWLRQV0DQ\RIWKHVHPLVVHQVHRIQRQVHQVHPXWDWLRQVZHUH
ORFDWHGLQJHQHVWKDWKDYHEHHQLPSOLFDWHGLQWKHSDWKRSK\VLROR\RIVFKL]R
SKUHQLD3UHOLPLQDU\GDWDRQWKHIXQFWLRQDOFKDQJHVUHOHYDQWWRVFKL]RSKUH
QLDUHVXOWLQJIURPVHYHUDOGLIIHUHQWPXWDWLRQVZLOOEHSUHVHQWHG
&RQFOXVLRQV2XUUHVXOWVVKRZWKDWWKH(18PXWDJHQHVLVWHFKQLTXHFDQEH
VXFFHVVIXOO\DSSOLHGWRUDWVWRLQGXFHJHQHWLFDOWHUDWLRQVLQFUXFLDOEUDLQQHX
URWUDQVPLWWHUSURFHVVHVSURGXFLQJDPRQJRWKHUVVRFDOOHGNQRFNRXWUDWVE\
LQGXFLQJDSUHPDWXUHVWRSFRGRQ6LQFHWKHUDWLVWKHDQLPDORIFKRLFHIRU
VWXG\LQJKXPDQEUDLQGLVHDVHVWKHVXFFHVVIXODSSOLFDWLRQRIWKLVWHFKQLTXH
UHSUHVHQWVDPDMRUEUHDNWKURXJKLQLQYHVWLJDWLQJWKHUHODWLRQEHWZHHQJHQHV
DQGFHQWUDOQHUYRXVV\VWHPIXQFWLRQLQJDQGZLOOEHRIJUHDWYDOXHIRUXQUDY
HOOLQJWKHSDWKRSK\VLRORJ\RIKXPDQSV\FKLDWULFDQGQHXURORJLFDOGLVHDVHV
6
6HQVRULPRWRU*DWLQJ'HILFLWVLQ5RGHQWVDQG6FKL]RSKUHQLD
0DUN*H\HU
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\RI&DOLIRUQLD6DQ'LHJR
/D-ROOD&$86$
2EMHFWLYHV6FKL]RSKUHQLDVSHFWUXPSDWLHQWVH[KLELWGH¿FLWVLQSUHSXOVHLQ
KLELWLRQ33,RIVWDUWOHDQRSHUDWLRQDOPHDVXUHRIWKHJDWLQJDEQRUPDOLWLHV
VXJJHVWHG WRFRQWULEXWH WRFRJQLWLYHGLVRUJDQL]DWLRQ%HFDXVH33, LV UHJX
ODWHGE\PXOWLSOHLQWHUDFWLQJQHXURWUDQVPLWWHUVVHYHUDOGLVWLQFW33,PRGHOV
KDYHHYROYHGLQURGHQWV
0HWKRGV 6WDUWOH UHVSRQVHV HOLFLWHG E\ DFRXVWLF RU WDFWLOH VWLPXOL DUH
PHDVXUHGDVH\HEOLQN UHVSRQVHV LQKXPDQVRUZKROHERG\PRYHPHQWV LQ
URGHQWV
5HVXOWV7KHGRSDPLQH'$PRGHOLVEDVHGRQ33,GH¿FLWVSURGXFHGE\'$
DJRQLVWVLQUDWVHIIHFWVWKDWDUHEORFNHGE\DQWLSV\FKRWLFV0LFHODFNLQJWKH
'$WUDQVSRUWHUH[KLELW33,GH¿FLWVWKDWDUHUHYHUVHGE\UDFORSULGH.QRFN
RXWVRIWKH'''RU'UHFHSWRUVXEW\SHVH[KLELWQRUPDO33,EXWWKH
33,GLVUXSWLYHHIIHFWRIDPSKHWDPLQH LVDEVHQWRQO\ LQ WKH'NQRFNRXWV
,Q WKH VHURWRQLQ33,PRGHO KDOOXFLQRJHQLF+7 DJRQLVWV GLVUXSW33, LQ
UDWVDQG WKHVHHIIHFWVDUHEORFNHGE\+7$DQWDJRQLVWVDQGVRPHDW\SL
FDODQWLSV\FKRWLFV,QWKHJOXWDPDWH33,PRGHO33,LVGLVUXSWHGE\3&3RU
NHWDPLQH$VZLWKSV\FKRVHVLQGXFHGE\WKHVHGUXJVLQKXPDQVWKHVH33,
GH¿FLWV DUH LQVHQVLWLYH WR PRVW W\SLFDO DQWLSV\FKRWLFV EXW DUH EORFNHG E\
VRPH DW\SLFDO DQWLSV\FKRWLFV ,Q D QRQSKDUPDFRORJLFDO GHYHORSPHQWDO
PRGHO33,LVUHGXFHGE\UHDULQJUDWVLQLVRODWLRQIURPZHDQLQJLQWRDGXOW
KRRG7KH33,GH¿FLWVLQLVRODWLRQUHDUHGUDWVDUHGHYHORSPHQWDOO\VSHFL¿F
DQGDUHUHYHUVHGE\DQWLSV\FKRWLFV%RWKWKLVGHYHORSPHQWDOPRGHODQGWKH
JOXWDPDWHPRGHOPD\KHOSWRLGHQWLI\QRYHODQWLSV\FKRWLFVWKDWDUHQRWEH
SUHGLFWHGE\UHFHSWRUELQGLQJ
&RQFOXVLRQV'H¿FLWVLQ33,LQGXFHGE\GUXJVRUJHQHWLFPDQLSXODWLRQVLQ
URGHQWVDSSHDUWRKDYHSUHGLFWLYHDQGFRQVWUXFWYDOLGLW\IRUWKHLGHQWL¿FDWLRQ
RIWUHDWPHQWVIRUVFKL]RSKUHQLFSV\FKRVHV
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6FKL]RSKUHQLD LVFDXVHGE\DPXOWLVWHSSURFHVVRIHWLRSDWKR
JHQHVLVZLWKPXOWLSOHÄKLWV³FRPSURPLVLQJGLIIHUHQWVWDJHVRIGHYHORSPHQW
DQG PDWXUDWLRQ RI WKH EUDLQ 7KLV KDV EHHQ FRQFHSWXDOLVHG DV WKH ÄQHX
URGHYHORSPHQWDO K\SRWKHVLV³ 1'+RI VFKL]RSKUHQLD :HLQEHUJHU 
%HFNPDQQ7KLVK\SRWKHVLVFDQGLUHFWO\EHWHVWHGLQDQLPDOPRGHOV
RIWKHGLVHDVH
0HWKRGV2QHRIWKH¿UVWWHVWSDUDGLJPVRIWKH1'+ZDVWKHQHRQDWDOYHQ
WUDOKLSSRFDPSXVOHVLRQPRGHO+HUHOHVLRQVRIWKHYHQWUDOKLSSRFDPSXVRQ
SRVWQDWDOGD\31'OHDGVWRDEHKDYLRUDOGH¿FLWVDQGHQKDQFHGDFWLYLW\
RIWKHVWULDWDOGRSDPLQHUJLFV\VWHPDQGSUHIURQWRFRUWLFDOG\VIXQFWLRQRQO\
DIWHU SXEHUW\:HDSSOLHGQHXURWR[LF LERWHQLFDFLG OHVLRQVRI WKHPHGLDO
SUHIURQWDO FRUWH[ P3)& LQ QHRQDWDO UDWV RQ 31' DQG VXEFKURQLFDOO\
WUHDWHG WKH SXEHUWDO DQLPDOVZLWK FDQQDELQRLGV RUZLWK SV\FKRVWLPXODQWV
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7KHMXYHQLOHDQGDGXOWUDWVZHUHWHVWHGLQDYDULHW\RIEHKDYLRUDOSDUDGLJPV
DVVHVVLQJ VRFLDO EHKDYLRU OHDUQLQJ DQG VHQVRULPRWRU JDWLQJ ,Q DGGLWLRQ
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WKDODPLFQXFOHLDQGLQWKHGRUVDOKLSSRFDPSXV0RUHRYHUWKHVHQVLWLYLW\RI
WKHPHVRDFFXPEDOGRSDPLQHV\VWHPLVLQFUHDVHGDVLQGLFDWHGE\HQKDQFHG
UHVSRQVLYHQHVV RI QXFOHXV DFFXPEHQV QHXURQV WR WKH LQKLELWRU\ HIIHFWV RI
DSRPRUSKLQH DQG E\ PRUH SURQRXQFHG DSRPRUSKLQHLQGXFHG GH¿FLWV LQ
SUHSXOVHLQKLELWLRQ:KLOHOHDUQLQJZDVJHQHUDOO\QRWLPSDLUHGEHKDYLRUDO
ÀH[LELOLW\ZDV UHGXFHG DV LQGLFDWHGE\SHUVHYHUDWLRQ LQPD]H WDVNV DQG D
UHGXFHGEUHDNSRLQW LQ UHZDUGUHODWHGRSHUDQWEHKDYLRUXQGHUSURJUHVVLYH
VFKHGXOHVRIUHLQIRUFHPHQW6RFLDOEHKDYLRUHJSOD\¿JKWLQJRIMXYHQLOHV
DQG VRFLDO SODFH SUHIHUHQFH IRU FDJHPDWHVZDV LPSDLUHG 3XEHUWDO WUHDW
PHQWZLWKDFDQQDELQRLGDJRQLVW:,1RUZLWKDSV\FKRVWLPXODQW
SKHQF\FOLGLQHDOVROHGWREHKDYLRUDODEQRUPDOLWLHVLQDGXOWVHJUHGXFHG
SUHSXOVHLQKLELWLRQDQGH[DFHUEDWHGVRPHRIWKHOHVLRQLQGXFHGGH¿FLWV
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 1HRQDWDO OHVLRQV RI WKH P3)& 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 WRJHWKHU ZLWK
SHULSXEHUWDOWUHDWPHQWZLWKFHUWDLQGUXJVFDQQDELQRLGVSV\FKRVWLPXODQWV
EXW DOVR VWUHVVKRUPRQHV DV ÄVHFRQG KLW³ SURYLGHV DQ DQLPDO PRGHO WR
GLUHFWO\ WHVW VSHFL¿F DVSHFWVRI WKH1'+RI VFKL]RSKUHQLD 6XSSRUWHGE\
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
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%HKDYLRUDO$OWHUDWLRQVLQ3RVWQDWDO+\SR[LD$Q$QLPDO
0RGHOIRU2EVWHWULF&RPSOLFDWLRQVLQWKH3DWKRSK\VLRORJ\RI
6FKL]RSKUHQLD
$QGUHD6FKPLWW
&HQWUDO,QVWLWXWHRI0HQWDO+HDOWK*HUPDQ\
0DUNXV)HQGW$QMD0XUVFKDOO3HWHU)DONDL)ULW]$+HQQ
2EMHFWLYHV6FKL]RSKUHQLDLVDVHYHUHGLVHDVHZLWKDYDULHW\RIV\PSWRPV
$V ULVN IDFWRUV IRU WKH GHYHORSPHQW RI VFKL]RSKUHQLD REVWHWULF FRPSOLFD
WLRQV FRQQHFWHGZLWK K\SR[LD KDYH EHHQ LGHQWL¿HG+HUHZH LQYHVWLJDWHG
LQ DQ DQLPDO PRGHO ZKHWKHU D SRVWQDWDO PLOG K\SR[LD HOLFLWV EHKDYLRUDO
FKDQJHVFRPSDUDEOH WR WKHSRVLWLYHDQGQHJDWLYHVFKL]RSKUHQLFV\PSWRPV
LQKXPDQV
0HWKRGV)URPSRVWQDWDOGD\ WRZHLPSRVHGPLOGK\SR[LD2
1WRPDOH6'UDWVDQGWKHLUPRWKHUVGXULQJKRXUVSHUGD\7KH
FRQWURO JURXS Q    UHFHLYHG QRUPDO DLU LQ WKH VDPH HQYLURQPHQW$W
SRVWQDWDO GD\V   DQG  SUHSXOVH LQKLELWLRQ RI DFRXVWLF
VWDUWOHUHÀH[33,VRFLDOLQWHUDFWLRQDQGVRFLDOUHFRJQLWLRQZHUHWHVWHG33,
LVDYDOXDEOH WHVW IRUSUHDWWHQWLRQDOV\PSWRPVZKHUHDVFKDQJHV LQVRFLDO
EHKDYLRUUHÀHFWQHJDWLYHV\PSWRPV%HWZHHQ3'DQGVXEJURXSVRI
K\SR[LFDQGFRQWUROUDWVZHUHWUHDWHGZLWKRUDOFOR]DSLQHLQGRVHVFRPSDUD
EOHWRKXPDQDSSOLFDWLRQPJNJGD\
5HVXOWV3UHOLPLQDU\UHVXOWVUHYHDOHGWKDWPLOGSRVWQDWDOK\SR[LDUHGXFHG
33, VRFLDO LQWHUDFWLRQ DQG VRFLDO UHFRJQLWLRQ RQO\ DIWHU SXEHUW\ &KURQLF
WUHDWPHQW ZLWK FOR]DSLQH DQWDJRQL]HG WKH EHKDYLRUDO FKDQJHV LQGXFHG E\
PLOGK\SR[LD,QFRQWURODQLPDOVFOR]DSLQHLPSDLUHGVRFLDOLQWHUDFWLRQ
&RQFOXVLRQV7KHHDUO\SRVWQDWDOSHULRGLQUDWVZKLFKLVFRPSDUDEOHWRLQ
WUDXWHULQHKXPDQEUDLQGHYHORSPHQWPD\EHDYXOQHUDEOHSHULRGRIUDWEUDLQ
GHYHORSPHQW7KHEHKDYLRUDOFKDQJHVPHDVXUHGLQDGXOWUDWVDIWHUSRVWQDWDO
K\SR[LDDVZHOODVWKHDELOLW\RIFOR]DSLQHWRDQWDJRQL]HWKHVHFKDQJHVVXS
SRUW WKHK\SRWKHVLV WKDW K\SR[LD LV LQYROYHG DV D VXEVWDQWLDO IDFWRU LQ WKH
SDWKRSK\VLRORJ\ RI VFKL]RSKUHQLD 8QGHUO\LQJ QHXURELRORJLFDO DOWHUDWLRQV
LQWKHEUDLQVZLOOEHGLVFXVVHG
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SUHSXOVHLQKLELWLRQRIVWDUWOHLQWKHUDWFXUUHQWNQRZOHGJHDQGIXWXUHFKDO
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$&RPSDULVRQRI%RWWRP8S&KDQJH'HWHFWLRQZLWK7RS
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
2EMHFWLYHV&RQVFLRXVDZDUHQHVVRIDVWLPXOXVFDQRFFXUFDPVDIWHU
SUHVHQWDWLRQ /LEHW 7KXV001 LV DSUHFRQVFLRXVPDUNHURI DXGL
WRU\FKDQJHGHWHFWLRQDQGWKHQHJDWLYHGLIIHUHQFH1GDPDUNHURIWDUJHW
UHFRJQLWLRQLQGLFDWHVSRVWFRQVFLRXVSURFHVVLQJ:HWUDFHWKHDFWLYDWLRQRI
001DQG1GVRXUFHV LQ WKH WHPSRUDODQGIURQWDO OREHVRIKHDOWK\\RXQJ
VXEMHFWV -HPHO HW DO   DQG DVN LI WKHVH DUH DOWHUHG LQ SDWLHQWV
QHZO\GLDJQRVHGZLWK VFKL]RSKUHQLD DQGRWKHUV\HDUV ODWHU ZKRRIWHQ
VKRZUHGXFHG001
0HWKRGV6HSDUDWHVWXGLHVXVLQJWRQHVGHYLDWLQJE\IUHTXHQF\RUGXUDWLRQ
ZHUH FRQGXFWHG ZLWK  KHDOWK\ YROXQWHHUV WKHQ  DGROHVFHQWV PHDQ
\DQGDGXOWVZLWKVFKL]RSKUHQLDPHDQ\DORQJZLWKDJHPDWFKHG
FRQWUROV%UDLQHOHFWULFDO VRXUFHDQDO\VLVZDVEDVHGRQ((*UHFRUGV IURP
VLWHV
5HVXOWV3HDN001VRXUFH DFWLYLW\KDG D VLPLODU ODWHQF\ LQ WKH DXGLWRU\
FRUWLFHVDQGSRVWHULRUOHIWDQWHULRUFLQJXODWHEXWRFFXUUHGODWHULQWKHULJKW
LQIHULRUPLGIURQWDO FRUWH[ 1G VRXUFHV ZHUH DFWLYH VXEVHTXHQWO\ LQ WKH
DGMDFHQW ULJKW PLGIURQWDO WKHQ OHIW VXSHULRU IURQWDO UHJLRQ EHIRUH WKH
WHPSRURSDULHWDO MXQFWLRQ )URQWDO 001 VRXUFHV PLJUDWHG URVWURFDXGDOO\
DQG WHPSRUDO OREHVRXUFHV ODWHUDOO\EHWZHHQ WKHVHFRQGDQG WKLUGGHFDGHV
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:LOG:DOOHWDO7KHIURQWDOPDWXUDWLRQDOFKDQJHVZHUH
GLVUXSWHGHVSHFLDOO\IRUWKHFLQJXODWHORFXVLQROGHUSDWLHQWV$PRUHYHQWUDO
ORFXVIRUWHPSRUDOOREHVVRXUFHVZDVHYLGHQWLQERWKSDWLHQWJURXSVZKLOH
ULJKWIURQWDOFKDQJHVWHQGHGWRQRUPDOL]HLQROGHUSDWLHQWV)XQFWLRQDODQG
DQDWRPLFDOFKDQJHVZHUHQRWFORVHO\UHODWHG
&RQFOXVLRQV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IROORZHGE\DWRSGRZQVHTXHQFHRIDFWLYDWLRQV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6RPH
GLVWXUEDQFHVLQ001VRXUFHVDUHHYLGHQWIURPLOOQHVVRQVHW6XFKSUHFRQ
VFLRXV LPSDLUPHQWV FRXOG FRQWULEXWH WR D ODFN RI LQVLJKW LQ WKH SV\FKRWLF
H[SHULHQFH+RZHYHUWHQGHQFLHVIRUQRUPDOLVDWLRQLQULJKWIURQWDOIXQFWLRQ
RYHUWLPHPD\XQGHUOLHWKHKHWHURJHQHLW\LQUHSRUWVRQ001IXQFWLRQDQG
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DQGWKHLULPSOLFDWLRQV&RQVFLRXV&RJQ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 2YHUVHQVLWLYLW\ WR VHQVRU\ VWLPXODWLRQ LV FRPPRQO\ UHSRUWHG
LQVFKL]RSKUHQLFSDWLHQWV&RUUHVSRQGLQJO\LPSDLUHGLQKLELWLRQRIVWLPXOXV
SURFHVVLQJZDV UHOLDEO\ GHPRQVWUDWHG LQ VFKL]RSKUHQLF SDWLHQWV DV DQ HQ
KDQFHG3HYRNHGUHVSRQVH WR WKHVHFRQGFOLFN LQDXGLWRU\GRXEOHFOLFN
SDUDGLJPVZKLFKLVWKRXJKWWREHDPHDVXUHRIDXWRPDWLFRUSUHFRQVFLRXV
SURFHVVLQJ 8QWLO QRZ WKH EUDLQ VWUXFWXUHV PHGLDWLQJ WKLV VHQVRU\JDWLQJ
GH¿FLWDUHQRWLGHQWL¿HG((*DQG0(*GHSLFWGLIIHUHQWDVSHFWVRIFXUUHQW
ÀRZDQGDUHFRPSOHPHQWDU\LQORFDOL]LQJQHXURQDODFWLYDWLRQ,QWKLVVWXG\
DXGLWRU\ HYRNHG SRWHQWLDOV $(3V DQG PDJQHWLF ¿HOGV $()V ZHUH DV
VHVVHGLQRUGHUWRXQFRYHUWKHIXQFWLRQDOVXEVWUDWHRIVHQVRU\JDWLQJGH¿FLW
LQVFKL]RSKUHQLD
0HWKRGV$(3VDQG$()VZHUHUHJLVWHUHGVLPXOWDQHRXVO\IURPVFKL]R
SKUHQLFSDWLHQWVDQGKHDOWK\FRQWUROV)LUVW3ODWHQF\DPSOLWXGHDQG
VXSSUHVVLRQRQ&]ZHUHDQDO\]HGFRQYHQWLRQDOO\6HFRQGO\WKHGLIIHUHQWLDO
FRQWULEXWLRQVIURPDXGLWRU\FRUWH[$&DQGPHGLDOIURQWDOVRXUFHVWR3
VXSSUHVVLRQZHUHDQDO\]HGHPSOR\LQJVSDWLRWHPSRUDOVRXUFHDQDO\VLV
5HVXOWV 3$(3 DQG 3$()VXSSUHVVLRQZDV GHPRQVWUDWHG IRU ERWK
JURXSVLQWKH$&DQGPHGLDOIURQWDOVRXUFHV6FKL]RSKUHQLFSDWLHQWVVKRZHG
QR3VXSSUHVVLRQGH¿FLWRQ&]&RUUHVSRQGLQJO\VSDWLRWHPSRUDOVRXUFH
DQDO\VLV ZKLFK WDNHV LQWR DFFRXQW DOO UHFRUGLQJ VLWHV UHYHDOHG LQ ERWK
JURXSVFRPSDUDEOHDFWLYLW\VXSSUHVVLRQIRU WKH$&DQG WKHPHGLDO IURQWDO
VRXUFHV+RZHYHUVFKL]RSKUHQLFSDWLHQWVGLIIHUHGIURPKHDOWK\FRQWUROVE\
VPDOOHU$&DQGIURQWDO3VRXUFHVDQGGHOD\HG$&VRXUFHSHDNV
&RQFOXVLRQV%RWK$&DQGPHGLDOIURQWDOVRXUFHDFWLYLWLHVUHÀHFW3VXS
SUHVVLRQ 6FKL]RSKUHQLF SDWLHQWV H[KLELWHG QR VHQVRU\ JDWLQJ GH¿FLW&RU
UHVSRQGLQJO\VRXUFHDFWLYLW\VXSSUHVVLRQRQ$&DQGPHGLDOIURQWDOVRXUFHV
ZDVVLPLODULQFRQWUROVDQGSDWLHQWV7KHXQLPSDLUHGVHQVRU\JDWLQJLQRXU
SDWLHQWVJURXSSRVVLEO\UHVXOWVIURPWUHDWPHQWZLWKDW\SLFDODQWLSV\FKRWLFV
VXJJHVWLQJWKDWDW\SLFDOVPD\EHDEOHWRLPSURYHDXWRPDWLFSUHFRQVFLRXV
SURFHVVHV
6
'XUDWLRQRI,OOQHVVDQG0LVPDWFK1HJDWLYLW\LQ6FKL]RSKUHQLD
3DWULFLD70LFKLH
8QLYHUVLW\RI1HZFDVWOH$XVWUDOLD
-XDQLWD7RGG8OULFK6FKDOO)ULQL.DUD\DQLGLV
2EMHFWLYHV 3UHYLRXV UHVHDUFK VXJJHVWV WKDW GXUDWLRQ 001 UHGXFWLRQ LQ
VFKL]RSKUHQLDPD\EHPRUHSURQRXQFHGWKDQIUHTXHQF\0LFKLHHWDO
DQGWKDWIUHTXHQF\DQGGXUDWLRQ001DUHGLIIHUHQWLDOO\VHQVLWLYHWRLOOQHVV
GXUDWLRQ-DYLWWHWDO8PEULFKWDQG.UOMHVLQSUHVV7KHUHLVDOVRVRPH
HYLGHQFH WKDW DQWHULRU VRXUFHV RI001 DUH PRUH DIIHFWHG WKDQ WHPSRUDO
VRXUFHVDVPDVWRLGVLWHVDUHQRWUHGXFHGLQFRQWUDVWWRIURQWDOVLWHV7RGGHW
DO7KHREMHFWLYHVZHUHWRH[DPLQH001DWIURQWDODQGPDVWRLGVLWHV
WRGXUDWLRQLQWHQVLW\DQGIUHTXHQF\GHYLDQWVLQSDWLHQWVZLWKDUHFHQWRQVHW
RIWKHLOOQHVVDQGSDWLHQWVZLWKDORQJVWDQGLQJLOOQHVV
0HWKRGV3DWLHQWV HLWKHU LQ WKH HDUO\ VWDJH (631 \HDUV VLQFH
LOOQHVV RQVHWPHDQ LOOQHVV GXUDWLRQ   \HDUV RU DGYDQFHG VWDJH $63
LOOQHVV 1 PHDQ LOOQHVVGXUDWLRQ \HDUVZHUH HDFK FRPSDUHG
ZLWKWKHLURZQDJHPDWFKHGFRQWUROJURXSV001ZDVUHFRUGHGWRGXUDWLRQ
LQWHQVLW\DQGIUHTXHQF\GHYLDQWVDWORZRUKLJKSUREDELOLWLHVDW
VFDOSVLWHVDQGOHIWDQGULJKWPDVWRLGZLWKDQRVHUHIHUHQFH
5HVXOWV )URQWDO001 WR ORZSUREDELOLW\ GXUDWLRQ DQG LQWHQVLW\ GHYLDQWV
ZDVUHGXFHGLQ(63EXWQRW$63GXHWRDQDJHUHODWHGGHFOLQHLQFRQWUROV
)URQWDO001WRIUHTXHQF\GHYLDQWVZDVUHGXFHGRQO\LQ$63DQGZDVFRUUH
ODWHGZLWKGXUDWLRQRILOOQHVVDQGZLWKDJHLQSDWLHQWVRQO\0DVWRLG001
ZDVUHGXFHGLQSDWLHQWVIRUGXUDWLRQGHYLDQWVRQO\
&RQFOXVLRQV 'XUDWLRQ DQG LQWHQVLW\ 001 ZDV UHGXFHG LQ HDUO\ VWDJH
LOOQHVVDQGUHPDLQHGUHODWLYHO\VWDEOHZLWKLQFUHDVLQJLOOQHVVGXUDWLRQ)UH
TXHQF\001RQWKHRWKHUKDQGZDVQRWLPSDLUHGLQUHFHQWRQVHWSDWLHQWV
EXW GHFOLQHGZLWK LOOQHVV GXUDWLRQ VXJJHVWLQJ LW LV VHQVLWLYH WR IXQFWLRQDO
FKDQJHVRYHU WKHFRXUVHRI WKH LOOQHVV%RWK001VRXUFHVDUH LPSOLFDWHG
IRUGXUDWLRQ001EXWDQWHULRUVRXUFHVPD\DFFRXQWIRUWKHGHFOLQHLQIUH
TXHQF\001ZLWKLOOQHVVGXUDWLRQ
5HIHUHQFHV
-DYLWW'& HW DO 'H¿FLWV LQ DXGLWRU\ DQGYLVXDO FRQWH[WGHSHQGHQW
SURFHVVLQJ LQ VFKL]RSKUHQLD 'H¿QLQJ WKH SDWWHUQ $UFKLYHV RI *HQHUDO
3V\FKLDWU\
0LFKLH 37 HW DO  'XUDWLRQ DQG IUHTXHQF\PLVPDWFK QHJDWLYLW\ LQ
VFKL]RSKUHQLD&OLQ1HXURSK\VLRO
7RGG-HWDO$VVRFLDWLRQEHWZHHQUHGXFHGGXUDWLRQPLVPDWFKQHJD
WLYLW\001DQGUDLVHGWHPSRUDOGLVFULPLQDWLRQWKUHVKROGVLQVFKL]RSKUH
QLD&OLQLFDO1HXURSK\VLRORJ\
8PEULFKW'.UOMHV6 LQ SUHVV0LVPDWFKQHJDWLYLW\ LQ VFKL]RSKUHQLD D
PHWDDQDO\VLV6FKL]RSKUHQLD5HVHDUFK
6
001$SUREHIRU$XGLWRU\&RUWH[$EQRUPDOLWLHVLQ
6FKL]RSKUHQLD
.L\RWR.DVDL
8QLYHUVLW\RI7RN\R-DSDQ
'HDQ)6DOLVEXU\0DUWKD(6KHQWRQ5REHUW:0F&DUOH\
2EMHFWLYHV:HXVHGPLVPDWFKQHJDWLYLW\001LQUHVSRQVHWWRWRQHVDQG
VSHHFK VRXQGV DV IXQFWLRQDO SUREHV IRU DEQRUPDOLWLHV LQ DXGLWRU\ SULPDU\
DQGDVVRFLDWLRQFRUWLFHVLQSDWLHQWVZLWKVFKL]RSKUHQLD
0HWKRGV:HPHDVXUHG001LQUHVSRQVHWRWRQHVDQGYRZHOVXVLQJ((*
DQG 0(* LQ JURXSV RI VFKL]RSKUHQLD DQG QRUPDO FRPSDULVRQ VXEMHFWV
6WUXFWXUDO05,ZDVXVHGWRPHDVXUHJUD\PDWWHUYROXPHVRIVXEGLYLVLRQVRI
VXSHULRUWHPSRUDOJ\UXV+HVFKO¶VJ\UXV+*SULPDU\DXGLWRU\FRUWH[DQG
SODQXPWHPSRUDOH37ODQJXDJHUHODWHGDVVRFLDWLRQFRUWH[DW¿UVWHSLVRGH
DQG\HDUODWHULQSDWLHQWVZLWKVFKL]RSKUHQLD
5HVXOWV :H IRXQG D VLJQL¿FDQWO\ SURJUHVVLYH GHFUHDVH RI OHIW SRVWHULRU
67*JUD\PDWWHUYROXPHDW\HDUIROORZXSLQ¿UVWHSLVRGHSDWLHQWVZLWK
VFKL]RSKUHQLD:KHQ67*ZDVGLYLGHGLQWR+*DQG37ERWKVKRZHGDVLPL
ODUGHJUHHRIYROXPH UHGXFWLRQRYHU WLPH6WUXFWXUDODEQRUPDOLWLHVRI+*
DW WKH¿UVWKRVSLWDOL]DWLRQDQG WKHLUSURJUHVVLRQZHUH WLJKWO\FRXSOHGZLWK
WKHDPSOLWXGHRI001HOLFLWHGE\WRQHVDQ(53LQGH[RIDXGLWRU\VHQVRU\
PHPRU\ZLWK WKHPDMRU JHQHUDWRU LQ+* LQ SDWLHQWVZLWK VFKL]RSKUHQLD
0RUHRYHU LQ LQGHSHQGHQW VDPSOHV RI VFKL]RSKUHQLD ZH VKRZHG WKDW SD
WLHQWVZHUHDVVRFLDWHGZLWKSURQRXQFHGUHGXFWLRQRI001DPSOLWXGHHOLF
LWHGE\VSHHFKVRXQGVDQGLWV0(*FRXQWHUSDUWPDJQHWLFPLVPDWFK¿HOG
00))LQDOO\ZHIRXQGDVLJQL¿FDQWFRUUHODWLRQEHWZHHQ00)VWUHQJWKV
HOLFLWHGE\VSHHFKVRXQGVDQGJUD\PDWWHUYROXPHVRI37LQSDWLHQWVZLWK
VFKL]RSKUHQLDEXWQRWLQFRQWUROVXEMHFWV
&RQFOXVLRQV7KHVH FRQYHUJLQJ UHVXOWV VXJJHVW D SUHVHQFH RI SURJUHVVLYH
SURFHVVLQWKHVWUXFWXUHDQGIXQFWLRQRIWKHDXGLWRU\FRUWH[LQVFKL]RSKUHQLD
7KH WRQDO DQG SKRQHWLF001 FDQ EH HI¿FLHQW IXQFWLRQDO SUREHV WR WUDFN
DXGLWRU\SULPDU\DQGDVVRFLDWLRQFRUWH[DEQRUPDOLWLHVLQVFKL]RSKUHQLD
5HIHUHQFHV
.DVDL.HWDO,PSDLUHGFRUWLFDOQHWZRUNIRUSUHDWWHQWLYHGHWHFWLRQRI
FKDQJH LQ VSHHFKVRXQGV LQ VFKL]RSKUHQLDDKLJKUHVROXWLRQHYHQWUHODWHG
SRWHQWLDOVWXG\$P-3V\FKLDWU\
.DVDL.HWDO3URJUHVVLYHGHFUHDVHRIOHIW+HVFKO¶VJ\UXV	SODQXP
WHPSRUDOHJUD\PDWWHUYROXPHLQVFKL]RSKUHQLD$ORQJLWXGLQDO05,VWXG\RI
¿UVWHSLVRGHSDWLHQWV$UFK*HQ3V\FKLDWU\
6DOLVEXU\') HW DO 0LVPDWFK QHJDWLYLW\ DV DQ LQGH[ RI SHULRQVHW
FRUWLFDOUHGXFWLRQLQVFKL]RSKUHQLD%LRO3V\FKLDWU\6
<DPDVXH+HWDO$EQRUPDODVVRFLDWLRQEHWZHHQSKRQHWLFPLVPDWFK
DQGSODQXPWHPSRUDOHYROXPHLQVFKL]RSKUHQLD1HXURLPDJH
6
)LUVW(SLVRGH3V\FKRVLV3DWLHQWVµ,QVLJKWVDQG(YHQW5HODWHG
3RWHQWLDOV
0LQQD9DONRQHQ.RUKRQHQ
.XRSLR8QLYHUVLW\)LQODQG
2EMHFWLYHV3V\FKRVLVLVGH¿QHGE\JURVVO\LPSDLUHGUHDOLW\WHVWLQJZKLFK
LQYROYHV ERWK SHUFHSWLRQ DQG WKRXJKW (YHQWUHODWHG SRWHQWLDOV (53V
SURYLGH DPHWKRG IRU LQYHVWLJDWLQJGLIIHUHQW OHYHOV RI VHQVRU\SURFHVVLQJ
(53VFRQVLVWRIVHYHUDORYHUODSSLQJDQGFRQVHFXWLYHFRPSRQHQWVHOLFLWHGE\
039#(/4)#¬$)3/2$%23¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
GLIIHUHQWFRJQLWLYHIXQFWLRQV
7KHDLPRIFXUUHQWSURMHFWZDVWRVWXG\SV\FKRVLVDVDSV\FKRSK\VLRORJLFDO
VWDWHE\UHFRUGLQJDQHOHWURSK\VLRORJLFDOWHVWEDWWHU\RI(53VDQGFRPSDU
LQJWKH¿QGLQJVRIGUXJQDwYHDFXWHO\SV\FKRWLF¿UVWHSLVRGHSDWLHQWVWR
KHDOWK\ YROXQWHHUV 6L[ SDWLHQWV SDUWLFLSDWHG LQ WKH IROORZXS UHFRUGLQJ 
\HDUVIURPWKHEDVHOLQHVWXG\1RQHRI WKHIROORZXSSDWLHQWVZDVDFXWHO\
SV\FKRWLF EXW DOOZHUH WUHDWHGZLWK DQWLSV\FKRWLFPHGLFDWLRQ DQGRU SV\
FKRWKHUDS\
0HWKRGV)LIW\HLJKW((*FKDQQHOVZHUHUHFRUGHGGXULQJSDVVLYHDQGDF
WLYHDXGLWRU\DQGDFWLYHYLVXDORGGEDOOSDUDGLJPV(YHQWUHODWHGSRWHQWLDOV
WLPHORFNHGWRQRQDWWHQGHGDQGDWWHQGHGVWLPXOLZHUHVWXGLHG$XGLWRU\DQG
YLVXDOSURFHVVLQJZHUHH[DPLQHGERWKDWWKHOHYHORIWKHPHDVXUHGELRVLJ
QDOV VWDQGDUG DQGGHYLDQWWDUJHW VWLPXOL DQGZLWK VXEWUDFWLRQZDYHIRUP
7RSRJUDSKLFDOGLIIHUHQFHVZHUHFKDUDFWHUL]HGXVLQJJOREDO¿HOGSRZHUDQG
PLQLPXPQRUPHVWLPDWHV
5HVXOWV ,Q DXGLWRU\ HYHQWUHODWHG SRWHQWLDOV (53V WKH ¿UVWHSLVRGH
SV\FKRWLF SDWLHQWV GLVSOD\HG GHFUHDVHG DPSOLWXGHV RI DWWHQWLRQGHSHQGHQW
FRPSRQHQWV RI DXGLWRU\ RGGEDOO SDUDGLJP 1E 3D DQG 3E FRPSDUHG
WRFRQWUROV+RZHYHUWKHHDUO\DXWRPDWLFSURFHVVLQJGLGQRWGLIIHUVLJQL¿
FDQWO\EHWZHHQWKHJURXSV1DQG0017KHHDUO\FRPSRQHQWUHYHDOLQJ
YLVXDOGHWHFWLRQ3GLGQRWGLIIHUEHWZHHQWKHJURXSVLQVWHDGWKHUHZDV
D VLJQL¿FDQW K\SHUQHJDWLYLW\ FRQFHUQLQJ WKH WZR VWLPXOXV FRQWHQW UHODWHG
FRPSRQHQWV1DQG3LQDFXWHSV\FKRVLV7KH\HDUIROORZXSRI
DXGLWRU\RGGEDOOVKRZHGWKDWWKHK\SHUQHJDWLYLW\VHHQLQEDVHOLQHUHVSRQVHV
GLVDSSHDUVLQ¿YH\HDUV7KHHDUO\QHJDWLYHFRPSRQHQWVRISDWLHQWVUHGXFH
VLJQL¿FDQWO\ $WWHQWLRQGHSHQGHQW FRPSRQHQWV KRZHYHU UHPDLQHG GH
FUHDVHGDVFRPSDUHGWRKHDOWK\FRQWUROV
&RQFOXVLRQV7KHPRVWW\SLFDOSV\FKRSK\VLRORJLFDO(53¿QGLQJVRIDFXWH
HDUO\ SV\FKRVLV VHHP WR EH HQKDQFHPHQW RI DXWRPDWLF FHUHEUDO UHVSRQVHV
DQGGHFUHPHQWVLQFRQVFLRXVODWHUFRPSRQHQWV7KXVWKHVHQVRU\PHPRU\
GH¿FLWV DVVRFLDWHGZLWKSV\FKRVLVPD\EHH[SODLQHGE\DQDEQRUPDOLW\ LQ
VHQVRU\PHPRU\PRGHOIRUPDWLRQUDWKHUWKDQE\LPSDLUHGGHYLDQWGHWHFWLRQ
7KHK\SHUQHJDWLYLW\RIHDUO\FRPSRQHQWVVHHPWRQRUPDOL]HZLWKLQ\HDUV
EXWFRQVFLRXVSURFHVVLQJGH¿FLWH[KLELWVWUDLWOLNHFKDUDFWHULVWLFV
5HIHUHQFHV
9DONRQHQ.RUKRQHQ0,QIRUPDWLRQ3URFHVVLQJLQ$FXWH3V\FKRVLV
.XRSLR8QLYHUVLW\3XEOLFDWLRQV'0HGLFDO6FLHQFHVQRS
6
&\FORLG3V\FKRVHVD6HSDUDWH$HWLRORJLFDO&DWHJRU\"
6
&\FORLG3V\FKRVHV&OLQLFDO$VVHVVPHQW
0DUFHOR&HWNRYLFK%DNPDV
8QLYHUVLW\RI%XHQRV$LUHV$UJHQWLQD
2EMHFWLYHV&\FORLGSV\FKRVHVDUHFKDUDFWHUL]HGE\WKHLUDFXWHRQVHWSRO\
PRUSKRXVFOLQLFDOSLFWXUHJRRGRYHUDOOSURJQRVLVDQGORZJHQHWLFIDPLOLDU
ORDGLQJ&OLQLFDODVVHVVPHQWRI WKHVHFRQGLWLRQVLVRIWHQFRQIXVLQJIRU WKH
QRQWUDLQHGSV\FKLDWULVW7KLVSUHVHQWDWLRQZLOOUHYLHZPDLQFOLQLFDOIHDWXUHV
RIWKHP
0HWKRGV 7KUHH GLIIHUHQW FOLQLFDO SUHVHQWDWLRQV DUH GHVFULEHG ZLWKLQ WKH
IUDPH RI F\FORLG SV\FKRVHV $Q[LHW\+DSSLQHVV SV\FKRVLV &RQIXVLRQDO
3V\FKRVLV DQG0RWLOLW\ 3V\FKRVLV$OO RI WKHP GLVSOD\ D ELSRODU WUDLW LQ
WKHVHQVHWKDWWKHFRUHFOXVWHURIV\PSWRPVFDQEHSUHVHQWLQWZRZD\V,Q
WKH¿UVIRUPSROHVDUHUHSUHVHQWHGE\DQ[LHW\ZLWKSDUDQRLGGLVWUXVWLQRQH
SROHDQGKDSSLQHVVZLWKEHDWL¿FLGHDVRQWKHRWKHU$Q[LHW\VLGRPLQDWHG
E\SDUDQRLGIHHOLQJVZKHUHWKHSDWLHQWIHHOVWREHFORVHWRDEHLQJDWWDFNHG
EHFDXVHRIWKHLUVLQRUJXLOW\EHKDYLRXU7KLVDOWHUQDWHVZLWKKDSSLQHVVVWDWHV
ZKHUH LGHDV RI EHLQJ FDOOHG E\ JRG DUH IUHTXHQW &RQIXVLRQDO SV\FKRVHV
YDU\EHWZHHQDQH[FLWHGFRQIXVHG ORJRUUHLFSROHDQGDVWXSRURXVVWDWH ,Q
WKLVIRUPZKHUHWKHPDLQDIIHFWHGV\VWHPLVWKHWKLQNLQJSURFHVVÀHHWLQJ
PLVUHFRJQLWLRQVWRJHWKHUZLWKLQFRKHUHQFHLQWKHWKHPDWLFFKRLFHDUHPDLQ
WUDLWV ,Q WKH H[WUHPH H[FLWDWHG IRUP FRQIXVH ORJRUUKRHDPDNHV SDWLHQW¶V
VSHHFK DOPRVW LPSRVVLEO\ WR EH XQGHUVWRRG0RWLOLW\ SV\FKRVLV LV FKDUDF
WHUL]HG E\ D H[DFHUEDWLRQ RI H[SUHVVLYH DQG UHDFWLYHPRWLRQV DOWHUQDWLQJ
ZLWKLQKLELWLRQRIWKHPRWLOLW\WLOODNLQHVLD7KLVDNLQHWLFSROHKDVDWUHQGWR
SURFHHGWRZDUGVDFDWDWRQLFVWDWHWKDWKDVPDQ\SRLQWVRIFRQWDFWZLWKOHWKDO
FDWDWRQtD DQG QHXUROHSWLFPDOLJQDQW V\QGURPH %\ WKHLU GLIIHUHQW FOLQLFDO
SUHVHQWDWLRQVF\FORLGVFRXOGEHFRQIXVHGZLWKVFKL]RSKUHQLDRUZLWKELSRODU
GLVRUGHUV&OLQLFDOJHQHWLFDQGHSLGHPLRORJLFDOVWXGLHVVXSSRUWWKHLULQGH
SHQGHQFHIURPWKLVFRQGLWLRQV
&RQFOXVLRQV &\FORLG SV\FKRVHV KDYH WKHLU RZQ DQG ZHOO GHOLPLWDWHG
FOLQLFDOWUDLWVZLWKQRVSHFL¿FGLDJQRVWLFFULWHULDRQWKH'60,9PDWFKLQJ
/HRQDUG¶V RULJLQDO GHVFULSWLRQV $OOHJHG VLPLODULWLHV ZLWK VFKL]RDIIHFWLYH
SV\FKRVHV DUHQRW WHQDEOH7DNLQJ LQ DFFRXQW WKLVJURXSRI LOOQHVVZLOO EH
UHOHYDQW WR WKHIXWXUHRI UHVHDUFK LQ WKH¿HOGRIVFKL]RSKUHQLDDQGELSRODU
GLVRUGHUV
5HIHUHQFHV
/HRQKDUG.&ODVL¿FDFLyQGHODV3VLFRVLV(QGyJHQDV\VX(WLRORJtD
'LIHUHQFLDGD%XHQRV$LUHV(GLWRULDO3ROHPRV6$
3HUDOWD 9 DQG 0 - &XHVWD  ³&\FORLG 3V\FKRVLV D FOLQLFDO DQG
QRVRORJLFDOVWXG\´3V\FKRORJLFDO0HGLFLQH
-DEV%('%HUJHWDO³'LIIHUHQFHVLQ6XEVWDQWLD1LJUD(FKR
JHQLFLW\ RI 1RVRORJLFDO 6XEW\SHV ZLWKLQ WKH 6FKL]RSKUHQLF 6SHFWUXP´
3KDUPDFRSV\FKLDW
)UDQ]HN(&\FORLGSVFKRVLVQHXUROHSWLFPDOLJQDQWV\QGURPHDQG
ÄOHWKDO³FDWDWRQtD5HFHQW$GYDQFHVLQ/HQKDUGLDQ1RVRORJ\,()UDQ]HN
DQG*8QJYDUL:XHU]EXUJ,QWHUQDWLRQDO:HUQLFNH.OHLVW/HRQKDUG6RFL
HW\
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&DWDSKDVLD$%LSRODU3V\FKRVLVZLWK3URQRXQFHG)RUPDO
7KRXJKW'LVRUGHUDQG6WURQJ*HQHWLF%DFNJURXQG
%XUNKDUG-DEV
*HUPDQ\
6FKL]RSKDVLDDQDW\SLFDOSV\FKRVLVZLWKVWURQJJHQHWLFEDFNJURXQG
%DFNJURXQG7KHWHUPVFKL]RSKDVLDZDVXVHGE\.UDHSHOLQIRUDSV\FKRVLV
ZLWKDFFHOHUDWHGDQG LQFRKHUHQWVSHHFK%HVLGHV WKLVSUHGRPLQDQW WKRXJKW
GLVRUGHUWKHUHXVXDOO\LVQRSURPLQHQWGLVRUJDQL]DWLRQLQSUDFWLFDOQRQYHU
EDOWDVNV/HRQKDUGGLVFRYHUHGWKHELSRODULW\RIWKLVGLVHDVHDQGFRLQHGWKH
WHUPFDWDSKDVLDIRUWKHVFKL]RSKDVLFSROHDQGWKHRSSRVLWHLQKLELWHGSROH
FKDUDFWHULVLQJLWDVDQXQV\VWHPDWLFW\SHRIVFKL]RSKUHQLD+HDOVRREVHUYHG
IDPLOLDULW\ZLWKDERXWDIIHFWHGSDUHQWVDQGVLEOLQJV
3UREDQGVDQG0HWKRGV:LWKWKHGHVLJQRIDFRQWUROOHGIDPLO\VWXG\ZH
DLPHGWRH[DPLQHSHUVRQDOO\DOO OLYLQJ¿UVWGHJUHHUHODWLYHVRISDWLHQWV
ZLWKDQDVFHUWDLQHGFDWDSKDVLDZKRZHUHWUHDWHGLQWKH:U]EXUJXQLYHUVLW\
FOLQLF7KHUHIRUHDVHPLVWUXFWXUHGLQWHUYLHZRQSUHYLRXVSV\FKLDWULFV\PS
WRPVZDV XVHG DVZHOO DV D VHW RI YHUEDO WDVNV SDUWV RI WKH+$:,( DQG
*RUKDPµVSURYHUE WHVWZKLFKZHUH UHFRUGHG7RJXDUDQWHHEOLQGQHVV WKH
YHUEDWLPWUDQVFLSWVRIWKHODWWHUZHUHDQDO\]HGE\H[SHULHQFHGSV\FKLDWULVWV
%3*6DQDZDUHRI WKHVWDWXVRI WKHSUREDQGFDWDSKDVLFSDWLHQW UHOD
WLYHRUFRQWUROWRDVVHVVIRUPDOWKRXJKW7RFRQWUROHGXFDWLRQDOGLIIHUHQFHV
WKH0:7%ZDVDSSOLHGDQ LQVWUXPHQWZKLFKFRUUHODWHVZHOOZLWKYHUEDO
LQWHOOLJHQFH
5HVXOWV 2I  VW GHJUHH UHODWLYHV RI RXU  FDWDSKDVLF SUREDQGV ZH
SHUVRQDOO\H[DPLQHGRIOLYLQJDQGDFFHVVLEOHUHODWLYHV,QWKH
FDVHVRIWKHPLVVLQJLQDFFHVVDEOHRUGHFHDVHGUHODWLYHVZHDSSOLHGWKH
IDPLO\KLVWRU\PHWKRGRULISRVVLEOHUHTXHVWHGWKHLUPHGLFDOUHFRUGV2IDOO
 UHODWLYHV DVNHG IRUSV\FKLDWULF WUHDWPHQW LQ WKHFRXUVHRI
WKHLU OLYHVGXHWRHQGRJHQRXVSV\FKRVLV$W OHDVW
FRXOG EH GLDJQRVHG DV KDYLQJ FDWDSKDVLD ,Q WHUPV RI OLYHWLPH ULVN ¿UVW
GHJUHHUHODWLYHVRIFDWDSKDVLFSUREDQGVKDYHDFXPXODWLYHULVNIRUHQGRJ
HQRXVSV\FKRVLVRIDQGRIFDWDSKDVLVDRI,QWHUHVWLQJO\UHODWLYHV
H[KLELWHGFOHDUWKRXJKWGLVRUGHUZLWKRXWIXUWKHUSV\FKLFWUHDWPHQWRUVRFLDO
GLVWXUEDQFHV
'LVFXVVLRQ8SRQ WKHVH UHVXOWVZHFDQFRQ¿UP WKHGLDJQRVWLFYDOLGLW\RI
FDWDSKDVLDZKLFKVKRZVDFRQVLGHUDEOHKRPRORJRXVIDPLOLDOORDGLQJEXWD
ZLGHYDULDELOLW\LQFRXUVHDQGVHYHULW\RIWKHGLVHDVH7KXVFDWDSKDVLDPLJKW
SURYHDVDQLQWHUHVWLQJREMHFWIRUPROHFXODUJHQHWLFVLQWKHIXWXUH
039#(/4)#¬$)3/2$%23¬¬3YMPOSIA
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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+03$263(&7)LQGLQJVLQ$FXWHDQG5HPLWWHG&\FORLG
3V\FKRVHVDQGLQ+HEHSKUHQLDV
$QGUHDV%DUWVFK
%DYDULDQ-XOLXV0D[LPLOLDQV8QLYHUVLW\:XHU]EXUJ*HUPDQ\
6WHIDQ6H\EROG%XUNKDUG-DEV%UXQR3IXKOPDQQ$QGUHDV
)DOOJDWWHU&KULVWRSK5HLQHUV*HUDOG6W|EHU
2EMHFWLYHV&\FORLGSV\FKRVHVUHSUHVHQWGLVWLQFWFOLQLFDOHQWLWLHVRIELSRODU
PDQLIHVWDWLRQV DQG SKDVLF FRXUVH ZKLFK DUH QHLWKHU DIIHFWLYH QRU VFKL]R
SKUHQLF LOOQHVVHV LQ WKH WUDGLWLRQDO VHQVH $FFRUGLQJ WR /HRQKDUG WKUHH
YDULDQWV FDQ EH GLVWLQJXLVKHG DQ[LHW\KDSSLQHVV $+ H[FLWHGLQKLELWHG
FRQIXVLRQHL&DQGK\SHUNLQHWLFDNLQHWLFPRWLOLW\KD0SV\FKRVLV+HEH
SKUHQLDVDUHRQWKHRWKHUKDQGDFRUHJURXSRIV\VWHPDWLFVFKL]RSKUHQLDV
VXIIHULQJIURPDFKURQLFFRXUVH3UHYLRXVGDWDKDYHLQGLFDWHGDJOREDOKHPL
VSKHULFK\SHUSHUIXVLRQLQDFXWHF\FORLGSV\FKRVHV2XUJRDOLVWRVSHFLI\WKH
UHJLRQDOGLVWULEXWLRQDQGPDSSLQJRIVXFKIXQFWLRQDODOWHUDWLRQV
0HWKRGV 8SRQ LQIRUPHG FRQVHQW FHUHEUDO SHUIXVLRQ ZDV HYDOXDWHG E\
7F+03$263(&7 6LHPHQV0XOWLVSHFW 0%T LQ  FDVHV RI F\
FORLGSV\FKRVHV PDOHVHL&$+KD0GXULQJ WKHDFXWHSKDVHDV
ZHOODVDWVXEVHTXHQWUHPLVVLRQDQGLQKHEHSKUHQLDVPDOHVHYDOXDWHG
XSRQDGPLVVLRQDQGEHIRUHGLVFKDUJH7KHDQDO\VLVZDVJXLGHGE\WKH/2
5(7$UHVXOWVRID*R1R*RSDUDGLJPZKLFKSRLQWHGWRDQWHULRUFLQJXOXP
G\VIXQFWLRQV7KHVHZHUH WUDFHG WR WKH UHVWLQJ VWDWH E\ DSSURSULDWH VPDOO
YROXPHFRUUHFWLRQV
5HVXOWV ,Q D ¿[HG HIIHFW DQDO\VLV YR[HOZLVH VWDWLVWLFDO PDSSLQJ SRLQWV
WR K\SHUSHUIXVLRQ RI WKH ULJKW GRUVRODWHUDO SUHIURQWDO FRUWH[ '/3)& LQ
WKHDFXWHSKDVHRI WKHF\FORLG LOOQHVV7KHJURXSSHUFRQGLWLRQLQWHUDFWLRQ
UHYHDOVDVWHHSHUGHFUHDVHLQSHUIXVLRQIURPDFXWHGHFRPSHQVDWLRQVWRGLV
FKDUJHLQF\FORLGVDVFRPSDUHGWRWKHKHEHSKUHQLDV
&RQFOXVLRQV,QFRQWUDVWWRFKURQLFVFKL]RSKUHQLDVWKHUHPD\EHDSKDVLF
K\SHUIURQWDOLW\DQG±FLQJXODULW\ LQF\FORLGSV\FKRVHV+RZHYHU LQIHUHQFH
LV\HWOLPLWHGWRWKHVXEMHFWVVWXGLHGRQO\,QIDFWDOWHUDWLRQVRIFRUWLFDOSHU
IXVLRQPD\FRQVWLWXWHVHTXHODHRIVXEFRUWLFDOQHXUDOSKHQRPHQD+RZHYHU
WKHVH¿QGLQJVHPSKDVL]HWKHQRVRORJLFDOGLVWLQFWLRQRIF\FORLGIURPV\VWHP
DWLFVFKL]RSKUHQLFSV\FKRVHVDQGFKDOOHQJHWKHQRWLRQRIK\SHUFLQJXODULWLHV
RI GLVRUJDQL]DWLRQ LQ VFKL]RSKUHQLDV ZKLFKPD\ EH SVHXGRVFKL]RSKUHQLF
LQVWHDG
5HIHUHQFHV
/HRQKDUG. &ODVVL¿FDWLRQRI HQGRJHQRXVSV\FKRVHV DQG WKHLU GLI
IHUHQWLDWHGHWLRORJ\QGUHYHG6SULQJHU:LHQ
:DUNHQWLQ6HWDO &\FORLGSV\FKRVLV UHJLRQDOFHUHEUDOEORRGÀRZ
FRUUHODWHVRIDSV\FKRWLFHSLVRGH$FWD3V\FKLDWU6FDQG
/LGGOH3HWDO3DWWHUQVRIFHUHEUDOEORRGÀRZLQVFKL]RSKUHQLD%U-
3V\FKLDWU\
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)DPLOLDO0RUELGLW\LQ&\FORLG3V\FKRVHVDQG0DQLF
'HSUHVVLYH,OOQHVV
%UXQR3IXKOPDQQ
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\RI
:XHU]EXUJ*HUPDQ\
%XUNKDUG-DEV*ULW$OWKDXV
2EMHFWLYHV&\FORLGSV\FKRVHVUHSUHVHQWDFOLQLFDOO\ZHOOFKDUDFWHULVHGGL
DJQRVWLFFDWHJRU\ZKLFKFDQEHFOLQLFDOO\GLIIHUHQWLDWHGIURPVFKL]RSKUHQLF
SV\FKRVHVDQGIURPPDQLFGHSUHVVLYHLOOQHVV7RIXUWKHUFODULI\WKHTXHVWLRQ
RIWKHQRVRORJLFDOGLIIHUHQWLDELOLW\RIF\FORLGSV\FKRVHVFRPSDUHGWRPDQLF
GHSUHVVLYHSV\FKRVHVDIDPLO\VWXG\ZDVXQGHUWDNHQ
0HWKRGV ,Q WKLV VWXG\DOO OLYLQJDQG WUDFHDEOHDGXOW¿UVWGHJUHH UHODWLYHV
RIF\FORLGSV\FKRWLFPDQLFGHSUHVVLYHDQGFRQWUROSUREDQGVZHUH
SHUVRQDOO\H[DPLQHGE\DQH[SHULHQFHGSV\FKLDWULVWEOLQGWRWKHGLDJQRVLVRI
WKHLQGH[SUREDQGDQGZLWKRXWNQRZOHGJHRIIDPLO\GDWD,QIRUPDWLRQDERXW
QRWWUDFHDEOHUHODWLYHVZDVREWDLQHGE\WKHÄ)DPLO\+LVWRU\³0HWKRG$JH
FRUUHFWHGPRUELGLW\ULVNVZHUHFDOFXODWHGXVLQJWKHOLIHWDEOHPHWKRG
5HVXOWV:HIRXQGLQUHODWLYHVRIF\FORLGSV\FKRWLFSDWLHQWVDVLJQL¿FDQWO\
ORZHUPRUELGLW\ULVNRIHQGRJHQRXVSV\FKRVHVWKDQLQUHODWLYHVRISDWLHQWV
ZLWKPDQLFGHSUHVVLYHLOOQHVV7KHIDPLOLDOPRUELGLW\LQF\FORLGSV\FKRVHV
KRZHYHU GLG QRW GLIIHU VLJQL¿FDQWO\ IURP WKH IDPLOLDOPRUELGLW\ REVHUYHG
DPRQJFRQWUROV
&RQFOXVLRQV7KHVH UHVXOWV VXJJHVWD VXERUGLQDWH UROHRIKHUHGLWDU\ LQÀX
HQFHV LQ WKH DHWLRORJ\ RI F\FORLG SV\FKRVHV DQG SRLQW RXW WKDW F\FORLG
SV\FKRVHVKDYHWREHGLVWLQJXLVKHGIURPPDQLFGHSUHVVLYHLOOQHVVUHJDUGLQJ
DHWLRORJLFDODVSHFWV7KH¿QGLQJVDOWRJHWKHUSURYLGHHYLGHQFHWKDWF\FORLG
SV\FKRVHVFRXOGQRWEHSODLQO\LQWHJUDWHGLQWRDVSHFWUXPRIELSRODUDIIHF
WLYHSV\FKRVHVEXWPLJKWUHSUHVHQWDGLVWLQFWQRVRORJLFDOFDWHJRU\
5HIHUHQFHV
%HFNPDQQ+ )UDQ]HN (  &\FORLG SV\FKRVHV DQG WKHLU GLIIHUHQWLD
WLRQIURPVFKL]RSKUHQLFDQGDIIHFWLYHSV\FKRVHV,Q+HOPFKHQ++HQQ)
/DXWHU + 6DUWRULXV 1 HGV &RQWHPSRUDU\ SV\FKLDWU\ 9RO  6SHFL¿F
SV\FKLDWULFGLVRUGHUV3DUW6FKL]RSKUHQLFDIIHFWLYHDQGUHODWHGGLVRUGHUV
6SULQJHU%HUOLQ+HLGHOEHUJ1HZ<RUNSS
3IXKOPDQQ % -DEV % $OWKDXV * 6FKPLGWNH $ %DUWVFK $ 6W|EHU *
%HFNPDQQ+)UDQ]HN(&\FORLGSV\FKRVHVDUHQRWSDUWRIDELSRODU
DIIHFWLYHVSHFWUXP5HVXOWVRIDFRQWUROOHGIDPLO\VWXG\-RXUQDORI$IIHFWLYH
'LVRUGHUV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7KH&\FORLG3V\FKRVHV'LDJQRVWLF6WDELOLW\&RXUVHDQG
2XWFRPHLQD<HDU)ROORZXS6WXG\
*HUDOG6W|EHU
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\RIWKH8QLYHUVLW\RI
:U]EXUJ*HUPDQ\
1LFROH5HLQKROG%UXQR3IXKOPDQQ
7KHDLPRI WKH\HDU IROORZXSVWXG\ZDV WR LQYHVWLJDWH WKHVWDELOLW\RI
WKH LQLWLDO GLDJQRVHV LQ F\FORLG SV\FKRVHV 7KLV ZRXOG JLYH QHZ LQVLJKWV
LQWRFRXUVHDQGSURJQRVLVRIWKHVHDW\SLFDOSV\FKRVHVLQDQDWXUDOLVWLFVHW
WLQJ DQG PRGHUQ SV\FKRSKDUPDFRORJLFDO WUHDWPHQW$V FRQWURO JURXS ZH
LQFOXGHG LQGH[FDVHVZLWKELSRODUDIIHFWLYHGLVRUGHU$OO LQGH[FDVHVZHUH
UHJXODU LQSDWLHQWV WUHDWHG DW D JHQHUDO ZDUG DW WKH 'HSW RI 3V\FKLDWU\
DQG 3V\FKRWKHUDS\ EHWZHHQ0D\  DQG$SULO  ,QFOXVLRQ FULWHULD
ZHUHDJH\HDUVDQGD¿QDOGLDJQRVLVRIF\FORLGSV\FKRVHVDQGPDQLF
GHSUHVVLRQ GXULQJ WKH LQGH[ HSLVRGH LQ0D\$SULO :HXVHG D
SRO\GLDJQRVWLFDSSURDFKZLWKGLDJQRVHVDFFRUGLQJ WR,&''60DQGGLI
IHUHQWLDWHGSV\FKRSDWKRORJ\,QWRWDOZHLQFOXGHGSDWLHQWVPDOHV
LQGH[FDVHVVXIIHUHGIURPF\FORLGSV\FKRVHVPDOHVDQGFDVHV
PDOHVIURPPDQLFGHSUHVVLRQ$WWKHLQGH[HSLVRGHWKHPHDQDJH
ZDV  \HDUV UDQJH  \HDUV7KH GHVLJQ RI WKH FDWDPQHVWLF VWXG\
LQFOXGHGEOLQGQHVVRIWKHUHLQYHVWLJDWRUUHJDUGLQJWKHLQGH[GLDJQRVLV$W
SUHVHQWZHKDYHUHHYDOXDWHGLQGH[FDVHVDQGIRXQGDKLJKO\GLDJQRVWLF
VWDELOLW\LQWKH\HDUFDWDPQHVLVLQPDQLFGHSUHVVLRQDVZHOODVLQF\FORLG
SV\FKRVLV ,Q ERWK GLDJQRVWLF HQWLWLHV WKH RXWFRPHZDV H[FHOOHQWZLWKRXW
VHULRXVUHVLGXDOV\PSWRPV
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(QGRSKHQRW\SHVIRU*HQHWLF6WXGLHVRI0DMRU3V\FKRVHV
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([SORUDWRU\(\H0RYHPHQWVDVDQ(QGRSKHQRW\SLF0DNHURI
6FKL]RSKUHQLD
7DNX\D.RMLPD
1LKRQ8QLYHUVLW\-DSDQ
7DGDR$ULQDPL(LVXNH0DWVXVKLPD6DNDH7DNDKDVKL
<RQJKXD+DQ<XKX&XL<XFXQ6KHQ
2EMHFWLYHV:H KDYH VWXGLHG H[SORUDWRU\ H\HPRYHPHQW ((0 G\VIXQF
WLRQVLQVFKL]RSKUHQLD$VDUHVXOWZHFRQFOXGH((0G\VIXQFWLRQVPD\EH
VSHFL¿FWRVFKL]RSKUHQLDDQGPD\EHDVVRFLDWHGZLWKJHQHWLFYXOQHUDELOLWLHV
RIVFKL]RSKUHQLD%DVHGRQWKLVFRQFOXVLRQZHSHUIRUPHGTXDQWLWDWLYHWUDLW
OLQNDJH47/DQDO\VHVXVLQJWKH((0GDWDLQVFKL]RSKUHQLD
0HWKRGV7KLUW\HLJKW-DSDQHVHIDPLOLHV PHPEHUVDQG&KLQHVH
IDPLOLHVPHPEHUVZHUHLQFOXGHGIRUWKH47/DQDO\VLVDQGWKHWUDQV
PLVVLRQGLVHTXLOLEULXPWHVW7'77ZRKXQGUHGVHYHQW\VL[VFKL]RSKUHQLF
SDWLHQWVDQGQRUPDOFRQWUROVZHUHXVHGIRUWKHFDVHFRQWUROVWXG\
)RU WKH((0WHVW WKH((0WHVWHTXLSPHQWZHGHYHORSHGZDVXVHG 1DF
7RN\R:HJHQRW\SHGWKH'1$VDPSOHVXWLOL]LQJ$%,35,60RU
039#(/4)#¬$)3/2$%23¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
'1$DQDO\]HU$SSOLHG%LRV\VWHPV
5HVXOWV,QWKH47/DQDO\VLVXVLQJWKH((0G\VIXQFWLRQVRIWKH-DSDQHVH
IDPLO\DTUHJLRQ\LHOGHGD/2'RI:HIRFXVHGRQ WKHEHWD
DGUHQHUJLFUHFHSWRUNLQDVH$'5%.JHQHLQWKLVUHJLRQDQGSHUIRUPHG
WKH7'7XVLQJWKHFRPELQHGIDPLO\-DSDQHVHDQG&KLQHVH+RZHYHUZH
ZHUHQRWDEOHWRJHWDSRVLWLYHUHVXOWIRUWKLVJHQH,QWKH47/DQDO\VLVRI
WKH&KLQHVHIDPLO\ZHREWDLQHGD/2'RIRQS:HIRFXVHGRQWKH
JOXWDPDWHUHFHSWRULRQRWURSLFNDLQDWH*5,.JHQHLQWKLVUHJLRQDQGGLG
WKHTXDQWLWDWLYH7'747'7RIWKH((0DQGWKH7'7XVLQJWKHFRPELQHG
IDPLO\&RQVHTXHQWO\ZHJRWSRVLWLYHUHVXOWVERWKLQWKH47'73 
DQGLQWKH7'73 0RUHRYHUZHDWWHPSWHGWRSURYHWKHVHUHVXOWV
XVLQJWKHFDVHFRQWUROVWXG\DQGDOVRREWDLQHGDSRVLWLYHUHVXOW3 
&RQFOXVLRQV7KHVH UHVXOWV VXJJHVWHG WKH*5,.JHQHPD\EHDVVRFLDWHG
ZLWKVFKL]RSKUHQLDDQGWKH((0G\VIXQFWLRQWKDWLVVSHFL¿FWRVFKL]RSKUH
QLD7KHGLVFUHSDQFLHVEHWZHHQ-DSDQHVHDQG&KLQHVHLQWKH47/DQDO\VLV
XVLQJ WKH ((0 G\VIXQFWLRQVPD\ EH EDVHG RQ VPDOO VDPSOH VL]HV RI WKH
-DSDQHVHDQG&KLQHVHIDPLOLHV
6
1HXURSK\VLRORJLFDO'HILFLWRI3$VVRFLDWHGZLWK$OSKD
1LFRWLQLF5HFHSWRUDV(QGRSKHQRW\SHLQ6FKL]RSKUHQLD
$QQ2OLQF\
8QLYHUVLW\RI&RORUDGR86$
2EMHFWLYHV$QHOHPHQWDU\GH¿FLWLQSV\FKRVLVLVLQDELOLW\WR¿OWHURUJDWH
UHVSRQVHV WR VHQVRU\ VWLPXOL )RU SDLUHG DXGLWRU\ VWLPXOL PVHF DSDUW
QRUPDOVXEMHFWVLQKLELWWKHUHVSRQVHWRWKHVHFRQGVWLPXOXVFRPSDUHGWRWKH
¿UVW KRZHYHU SHUVRQVZLWK VFKL]RSKUHQLD JHQHUDOO\ VKRZ OHVV LQKLELWLRQ
'LPLQLVKHGLQKLELWLRQRIWKH3FRPSRQHQWRIWKHFHUHEUDOHYRNHGUHVSRQVH
WR UHSHDWHGDXGLWRU\VWLPXOL LVDSK\VLRORJLFDOGHPRQVWUDWLRQRIRQHEUDLQ
PHFKDQLVPWKDWXQGHUOLHVVFKL]RSKUHQLD
0HWKRGV 1LFRWLQH DGPLQLVWHUHG WR SHRSOH ZLWK VFKL]RSKUHQLD VKRZV
SRVLWLYH HIIHFWV RQ 3 LQKLELWLRQ 7KLV VXSSRUWV D K\SRWKHVLV RI IDLOXUH
RIQRUPDOQLFRWLQLFFKROLQHUJLFQHXURWUDQVPLVVLRQDVDSDWKRSK\VLRORJLFDO
PHFKDQLVP LQ WKLV GLVHDVH 0ROHFXODU DQDO\VHV RI WKH SRO\PRUSKLVPV LQ
JHQRPLF'1$DQGRIĮUHFHSWRUOLJDQGELQGLQJLQSRVWPRUWHPEUDLQWLVVXH
DUHDOVRGHPRQVWUDWHGHFUHDVHGH[SUHVVLRQRIDQRWKHUZLVHQRUPDOUHFHSWRU
7KH LQKLELWRU\ GH¿FLW LQ VFKL]RSKUHQLF SDWLHQWVPD\ EHPHGLDWHG WKURXJK
WKHQRQS\UDPLGDOKLSSRFDPSDOLQWHUQHXURQVWKDWFRQWDLQWKHLQKLELWRU\QHX
URWUDQVPLWWHU ȖDPLQREXW\ULF DFLG *$%$&KROLQHUJLF V\QDSVHV DFWLYDWH
WKHVHLQWHUQHXURQVZKLFKWKHQLQKLELWWKHSU\DPLGDOUHVSRQVHWRWKHVHFRQG
VWLPXOXV7KHUHFHSWRUW\SHPHGLDWLQJWKH3UHVSRQVHLVWKHORZDI¿QLW\
QHXURQDOQLFRWLQLFFKROLQHUJLFUHFHSWRUIRUZKLFKWKHUHVSRQVLEOHJHQHLVWKH
ĮQLFRWLQLFUHFHSWRUVXEXQLWJHQH
5HVXOWV *HQHWLF VWXGLHV XWLOL]LQJ D OLQNDJH VWUDWHJ\ LQGHSHQGHQW RI WKLV
QHXURELRORJLFDO K\SRWKHVLV VKRZ WKDW WKH 3 JDWLQJ GH¿FLW LV KHULWDEOH
LQ WKH IDPLOLHV RI VFKL]RSKUHQLF SUREDQGV7KHPD[LPDO OLQNDJH LV DW WKH
FKURPRVRPHTORFXVRI&+51$3RO\PRUSKLVPVLQWKHJHQHDQGLWV
QHDUE\ SDUWLDO GXSOLFDWLRQ DUH DVVRFLDWHG ZLWK GLPLQLVKHG 3 LQKLELWLRQ
6HYHUDO VXEVHTXHQW VWXGLHV KDYH IRXQG HYLGHQFH IRU OLQNDJH RI VFKL]R
SKUHQLDWRWKLVVLWHDVZHOODVIRUOLQNDJHRISV\FKRWLFPDQLD)XUWKHUPRUH
VFKL]RDIIHFWLYHGLVRUGHUELSRODUW\SHVXEMHFWVDOVRWUHQGWRZDUGKDYLQJUDWHV
RISRO\PRUSKLVPVLQWKHSURPRWHUUHJLRQ&+51$VLPLODUWRSHRSOHZLWK
VFKL]RSKUHQLD7KHVHVDPHVXEMHFWVKDGDVLJQL¿FDQWO\ ORZHU OHYHORI3
VXSSUHVVLRQDQGZHUHPRUHIUHTXHQWO\LPSDLUHGWKDQWKRVHVFKL]RDIIHFWLYH
GLVRUGHUELSRODUW\SHVXEMHFWVZLWKRXWDQ613
&RQFOXVLRQV8VLQJWKH3LQKLELWRU\GH¿FLWVFKL]RSKUHQLDDQGVFKL]RDI
IHFWLYHGLVRUGHUELSRODUW\SHPD\GHPRQVWUDWHFRPPRQSRO\PRUSKLVPVLQ
WKH&+51$UHJLRQRIFKURPRVRPHT
6
&RJQLWLYH(QGRSKHQRW\SHLQ6FKL]RSKUHQLDDQG%LSRODU,OOQHVV
-DQXV].5\EDNRZVNL
'HSDUWPHQWRI$GXOW3V\FKLDWU\3R]QDQ8QLYHUVLW\RI0HGLFDO
6FLHQFHV3R]QDQ3RODQG
$OLQD%RUNRZVND0DULD6NLELQVND0RQLND'PLWU]DN:HJODU]
3LRWU&]HUVNL-RDQQD+DXVHU
2EMHFWLYHV 7KH PHDVXUH RI FRJQLWLYH G\VIXQFWLRQ RI SUHIURQWDO FRUWH[
KDVEHHQXVHGDVDQHQGRSKHQRW\SH LQPROHFXODUJHQHWLFVWXGLHVRIPDMRU
SV\FKRVHV,QRXUSUHYLRXVVWXGLHVZHGHPRQVWUDWHGWKDW LQVFKL]RSKUHQLD
VXFK G\VIXQFWLRQV RFFXU LQ KHDOWK\ ¿UVWGHJUHH UHODWLYHV 5\EDNRZVNL 	
%RUNRZVNDDQGLQELSRODULOOQHVVDSRVVLEOHUHODWLRQVKLSZDVIRXQG
EHWZHHQSRO\PRUSKLVPRIEUDLQGHULYHGQHXURWURSKLFIDFWRU%'1)JHQH
DQG SHUIRUPDQFH RQ D SUHIURQWDO WHVW 5\EDNRZVNL HW DO  7KH DLP
RI WKLV VWXG\ LV WR LQYHVWLJDWH WKH UHODWLRQVKLS EHWZHHQ SRO\PRUSKLVPV RI
GRSDPLQHUHFHSWRU''5'''5'FDWHFKRO2PHWK\OWUDQVIHUDVH
&207 DQG %'1) JHQH DQG WKLV HQGRSKHQRW\SH LQ VFKL]RSKUHQLD DQG
ELSRODUPRRGGLVRUGHU
0HWKRGV2QHKXQGUHGDQG WKLUW\HLJKWVFKL]RSKUHQLFSDWLHQWVDQGSD
WLHQWVZLWKELSRODUPRRGGLVRUGHUZHUHVWXGLHG:LVFRQVLQ&DUG6RUWLQJ7HVW
:&67ZDVXVHGDVDQHXURSV\FKRORJLFDOWHVWIRUSUHIURQWDOFRUWH[DFWLYLW\
ZLWKVXFKGRPDLQVDVQXPEHURISHUVHYHUDWLYHHUURUV:&673QRQSHU
VHYHUDWLYHHUURUV:&6713FRPSOHWHGFRUUHFWHGFDWHJRULHV:&67&&
FRQFHSWXDO OHYHO UHVSRQVHV :&67&21&DQGVHW WR WKH¿UVWFDWHJRU\
:&67VW &$7 $OO SDWLHQWV ZHUH JHQRW\SHG IRU SRO\PRUSKLVP RI WKH
'5''5'&207DQG%'1)JHQHVXVLQJ3&5PHWKRGV
5HVXOWV ,QVFKL]RSKUHQLDSDWLHQWVZLWK**JHQRW\SHRI'5'REWDLQHG
ZRUVHUHVXOWVLQDOOGRPDLQVRI:&67FRPSDUHGWRSDWLHQWVZLWKUHPDLQLQJ
JHQRW\SHVVWDWLVWLFDOO\VLJQL¿FDQWIRU:&67&&DQG:&67VW&$7$UH
ODWLRQVKLSZDVDOVRIRXQGLQIHPDOHSDWLHQWVEHWZHHQ'5'SRO\PRUSKLVP
DQG:&6730DOHVFKL]RSKUHQLFSDWLHQWVZLWK9DO9DOJHQRW\SHRI&207
JHQHREWDLQHGVLJQL¿FDQWO\EHWWHUUHVXOWVRQ:&673ZKLOHIHPDOHVVLJQL¿
FDQWO\ZRUVHUHVXOWVRQ:&6713FRPSDUHGZLWKUHPDLQLQJJHQRW\SHV1R
UHODWLRQVKLSZDVIRXQGLQVFKL]RSKUHQLDEHWZHHQWKHUHVXOWVRI:&67DQG
SRO\PRUSKLVPRI%'1)JHQH,QELSRODUGLVRUGHUQRDVVRFLDWLRQEHWZHHQ
UHVXOWVRI:&67DQGSRO\PRUSKLVPRI'5''5'DQG&207JHQHVZDV
REVHUYHG3DWLHQWVZLWK9DO9DOJHQRW\SHKDGEHWWHUUHVXOWVRQDOOGRPDLQVRI
:&67WKDQWKRVHZLWK9DO0HWJHQRW\SH
&RQFOXVLRQV 7KH DVVRFLDWLRQ RI DQ HQGRSKHQRW\SH LQ JLYHQ LOOQHVV ZLWK
SDUWLFXODU JHQHV FDQ EH VWURQJHU WKDQ WKDW RI WKH LOOQHVV LWVHOI 7KXV RXU
UHVXOWVPD\SRLQWWRVRPHDVSHFWVRIGLIIHUHQWPROHFXODUJHQHWLFSUHGLVSRVL
WLRQWRVFKL]RSKUHQLDRUELSRODULOOQHVV,QVFKL]RSKUHQLDWKHDVVRFLDWLRQRI
SUHIURQWDOG\VIXQFWLRQZDVIRXQGZLWKJHQHVRIGRSDPLQHUJLFV\VWHPZKLOH
LQELSRODUGLVRUGHUVXFKDVVRFLDWLRQZDVREWDLQHGZLWKJHQHRI%'1)WKH
PDLQVXEVWDQFHFRQQHFWHGZLWKQHXURQDOSODVWLFLW\
5HIHUHQFHV
5\EDNRZVNL-.%RUNRZVND$(\HPRYHPHQWDQGQHXURSV\FKRORJL
FDOVWXGLHVLQ¿UVWGHJUHHUHODWLYHVRIVFKL]RSKUHQLFSDWLHQWV6FKL]RSKUHQLD
5HVHDUFK
5\EDNRZVNL-.%RUNRZVND$&]HUVNL306NLELQVND0+DXVHU-
3RO\PRUSKLVPRI WKHEUDLQGHULYHGQHXURWURSKLFIDFWRUJHQHDQGSHUIRUP
DQFHRQDFRJQLWLYHSUHIURQWDOWHVWLQELSRODUSDWLHQWV%LSRODU'LVRUGHUV

6
([FHOOHQW/LWKLXP5HVSRQGHUVDV&OLQLFDO(QGRSKHQRW\SHRI
%LSRODU'LVRUGHUV
3DXO*URI
0RRG'LVRUGHUV&OLQLFRI2WWDZD2WWDZD&DQDGD
0DUWLQ$OGD
2EMHFWLYHV7KHUHLVDODUJHSRSXODWLRQRISDWLHQWVZLWKUHFXUUHQWPRRGGLV
RUGHUVZKRFDQEHWUHDWHGYHU\HIIHFWLYHO\ZLWKOLWKLXPVDOWV7KHVHSDWLHQWV
PD\EHQH¿W IURP OLWKLXPZKHQDFXWHO\ LOO EXW WKHPRVW VWULNLQJHIIHFWRI
OLWKLXP HPHUJHV GXULQJ ORQJWHUP VWDELOL]LQJ WUHDWPHQW LQ WKH SUHYHQWLRQ
RIIXWXUHHSLVRGHV
0HWKRGV7KHLQYHVWLJDWLRQVRIH[FHOOHQWOLWKLXPUHVSRQGHUVKDYHLQGLFDWHG
WKDWWKHVHSDWLHQWVH[KLELWFKDUDFWHULVWLFIHDWXUHVLQWHUPVFOLQLFDOSUHVHQWD
WLRQ WKH SDWWHUQ RI FOLQLFDO FRXUVH IDPLO\ KLVWRU\ FRPRUELGLW\ VHYHUDO
039#(/4)#¬$)3/2$%23¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
QHXURELRORJLFDOIHDWXUHVDQGLQSDUWLFXODUDVWULNLQJVWDELOL]LQJEHQH¿WIURP
OLWKLXP7KHLUVSHFLDOPDNHXSLVDOVRUHÀHFWHGLQDSDUWLFXODUO\JRRGWROHU
DQFHRIOLWKLXPDORZIUHTXHQF\RIVLGHHIIHFWV LQFRPSDULVRQZLWKRWKHU
SDWLHQWJURXSV
5HVXOWV 7KH DYDLODEOH GDWD GHPRQVWUDWH WKDW WKHVH SDWLHQWV FRQVWLWXWH D
UHODWLYHO\KRPRJHQHRXVHQWLW\DQGWKHUHIRUHRIIHUDXQLTXHRSSRUWXQLW\IRU
JHQHWLFUHVHDUFKRIELSRODUGLVRUGHUV7KH\UHPDLQDYHU\LPSRUWDQW WDUJHW
IRUOLQNDJHDQGDVVRFLDWLRQVWXGLHV
&RQFOXVLRQV)RUDYDULHW\RIUHDVRQVVRPHFRPPHUFLDODQGVRPHFOLQLFDO
WKHLQWHUHVWLQORQJWHUPWUHDWPHQWRIPRRGGLVRUGHUVKDVLQUHFHQW\HDUV
VKLIWHGWRGUXJVFODVVL¿HGDVDQWLHSLOHSWLFVDQGDW\SLFDOQHXUROHSWLFV,W LV
WKHUHIRUHLPSRUWDQWWKDWWKHUHVHDUFKSRWHQWLDORIIHUHGE\H[FHOOHQWOLWKLXP
UHVSRQGHUVLVQRWRYHUORRNHG
6
(\H7UDFNLQJ'\VIXQFWLRQVDVDQ(QGRSKHQRW\SHIRU%LSRODU
'LVRUGHU
$OLQD%RUNRZVND
&OLQLFDO1HXURSV\FKRORJ\8QLW1LFRODXV&RSHUQLFXV8QLYHUVLW\
7RUXQ&ROOHJLXP0HGLFXP%\GJRV]F]3RODQG
-DQXV].5\EDNRZVNL0RQLND'PLWU]DN:HJODU]3LRWU&]HUVNL
$QQD/HV]F]\QVND5RG]LHZLF]-RDQQD+DXVHU
2EMHFWLYHV(\HPRYHPHQWGLVWXUEDQFHVRFFXULQDPDMRULW\RISDWLHQWVZLWK
VFKL]RSKUHQLDDQGLQWKHLU¿UVWGHJUHHUHODWLYHV7KH\KDYHEHHQVXJJHVWHG
DQHQGRSKHQRW\SLFPDUNHUIRUPROHFXODUJHQHWLFUHVHDUFKLQWKLVLOOQHVV
,Q RXU SUHYLRXV VWXGLHV D VLJQL¿FDQW DVVRFLDWLRQ EHWZHHQ H\HPRYHPHQW
GLVWXUEDQFHVDQGSRO\PRUSKLVPRIVRPHJHQHVRIGRSDPLQHUJLFV\VWHPZDV
GHPRQVWUDWHG7KHDLPRIWKLVVWXG\ZDVWRH[SORUHWKHIUHTXHQF\RI
H\HPRYHPHQWDEQRUPDOLWLHVLQELSRODULOOQHVVDQGWR¿QGDSRVVLEOHDVVRFLD
WLRQRIWKHVHGLVWXUEDQFHVZLWKJHQHVRIGRSDPLQHUJLFV\VWHP
0HWKRGV7KHVWXG\LQFOXGHGELSRODUSDWLHQWVDQGKHDOWK\FRQWUROV
(\HWUDFNLQJZDVPHDVXUHGXVLQJLQIUDUHGUHÀHFWRPHWU\GXULQJ¿[DWLRQDQG
VPRRWKSXUVXLWWDVNV%LSRODUSDWLHQWVZHUHJHQRW\SHGIRUSRO\PRUSKLVPRI
GRSDPLQHUJLFV\VWHPJHQHVGRSDPLQHUJLFUHFHSWRUV'5''5''5'
'5'DQGFDWHFKRO2PHWK\OWUDQVIHUDVH&207
5HVXOWV(\HPRYHPHQWGLVWXUEDQFHVRI VLJQL¿FDQWGHJUHHGXULQJ¿[DWLRQ
WDVNZHUHIRXQGLQRIELSRODUSDWLHQWVYVRIKHDOWK\FRQWUROVDQG
GXULQJVPRRWKSXUVXLWZHUHREVHUYHGLQRIELSRODUSDWLHQWVYV
RIKHDOWK\VXEMHFWV
7KH VLJQL¿FDQW DVVRFLDWLRQ EHWZHHQ WKH LQWHQVLW\ RI GLVWXUEDQFHV GXULQJ
¿[DWLRQ WDVN LQYROYLQJ WKH OHIW H\H DQG SRO\PRUSKLVP RI '5' JHQH
ZDVIRXQG7KHDVVRFLDWLRQEHWZHHQWKHLQWHQVLW\RIVPRRWKSXUVXLWGLVWXU
EDQFHVLQYROYLQJWKHULJKWH\HDQGSRO\PRUSKLVPRI'5'JHQHZDVDOVR
REVHUYHG,QELSRODUSDWLHQWVWKHSUHVHQFHRI0HWDOOHOHRI9DO0HW&207
JHQHSRO\PRUSKLVPZDVDVVRFLDWHGZLWKWKHEHWWHUSHUIRUPDQFHRQVPRRWK
SXUVXLW WDVN UHVHPEOLQJRXU¿QGLQJV LQ VFKL]RSKUHQLD 1RDVVRFLDWLRQ
EHWZHHQWKHLQWHQVLW\RIH\HPRYHPHQWGLVWXUEDQFHVDQGWKHSRO\PRUSKLVP
'5'DQG'5'JHQHZDVIRXQG
&RQFOXVLRQV +LJK IUHTXHQF\ RI H\H PRYHPHQW GLVWXUEDQFHV LQ ELSRODU
LOOQHVVPD\ UHQGHU WKHP D SRVVLEOH HQGRSKHQRW\SLFPDUNHU IRUPROHFXODU
JHQHWLFVWXGLHV2XUSUHOLPLQDU\UHVXOWVPD\VXJJHVWDQDVVRFLDWLRQRIH\H
PRYHPHQWGLVWXUEDQFHVLQELSRODULOOQHVVZLWKVRPHJHQHVRIGRSDPLQHUJLF
V\VWHP
5HIHUHQFHV
5\EDNRZVNL-.%RUNRZVND$(\HPRYHPHQWDQGQHXURSV\FKRORJLFDO
VWXGLHV LQ ¿UVWGHJUHH UHODWLYHV RI VFKL]RSKUHQLF SDWLHQWV 6FKL]RSKUHQLD
5HVHDUFK
 5\EDNRZVNL -. %RUNRZVND$ &]HUVNL 30 +DXVHU - 'RSDPLQH
'UHFHSWRU'5'JHQHSRO\PRUSKLVPLVDVVRFLDWHGZLWKWKHLQWHQVLW\RI
H\HPRYHPHQWGLVWXUEDQFHVLQVFKL]RSKUHQLFSDWLHQWVDQGKHDOWK\VXEMHFWV
0ROHFXODU3V\FKLDWU\
5\EDNRZVNL-.%RUNRZVND$&]HUVNL30+DXVHU-(\HPRYHPHQW
GLVWXUEDQFHV LQ VFKL]RSKUHQLD DQG D SRO\PRUSKLVPRI FDWHFKRO2PHWK\O
WUDQVIHUDVHJHQH3V\FKLDWU\5HVHDUFK
6
(QGRSKHQRW\SHVIRU0ROHFXODU*HQHWLF6WXGLHVLQ
6FKL]RSKUHQLD
6
(OHFWURSK\VLRORJLFDO(QGRSKHQRW\SHVLQ6FKL]RSKUHQLD
)ORUHQFH7KLEDXW
8QLYHUVLW\KRVSLWDO&K1LFROOH,QVHUP8)DFXOW\RIPHGLFLQH
5RXHQ)UDQFH
/RXFKDUWGHOD&KDSHOOH61NDP,+RX\(%HOPRQW$
0pQDUG-)5RXVVLJQRO$&6LZHN20H]HUDL0*XLOOHUPRX0
)RXOGULQ*/HYLOODLQ''ROOIXV6&DPSLRQ'
2EMHFWLYHV7KH LGHQWL¿FDWLRQRIKHULWDEOHQHXURELRORJLFDOPDUNHUVRUHQ
GRSKHQRW\SHVDVVRFLDWHGZLWKVFKL]RSKUHQLDPD\FRQWULEXWHWRWKHJHQHWLF
GLVVHFWLRQ RI WKH GLVHDVH 7KUHH HOHFWURSK\VLRORJLFDO HQGRSKHQRW\SHV DUH
URXWLQHO\VWXGLHGLQVFKL]RSKUHQLDH\HWUDFNLQJG\VIXQFWLRQGH¿FLWVLQ3
HYHQWUHODWHGSRWHQWLDOLQDWZRDXGLWRU\FOLFNFRQGLWLRQLQJWHVWSDUDGLJP
DQGVDFFDGLFLQKLELWLRQGH¿FLWV
0HWKRGV'DWDIURPWKHVHSDUDGLJPVZHUHDYDLODEOHIRUVFKL]RSKUHQLF
SDWLHQWV'60,9FULWHULDQRQVFKL]RSKUHQLFSDUHQWVRISDWLHQWVDQG
KHDOWK\FRQWUROV
5HVXOWV8VLQJ)LVKHUµVH[DFWWHVWWKHQXPEHURIHUURUVLQWKHDQWLVDFFDGH
SDUDGLJPDQGVPRRWKSXUVXLWJDLQZHUHQRWLQGHSHQGHQWLQWKHSDUHQWDQG
VFKL]RSKUHQLF JURXSV :H IRXQG DOVR VLJQL¿FDQW FRUUHODWLRQV EHWZHHQ
VPRRWKSXUVXLWJDLQDQGWKHDQWLVDFFDGHHUURUUDWHLQVFKL]RSKUHQLFSDWLHQWV
DQGSDUHQWV1HLWKHUFRUUHODWLRQZDVREVHUYHGEHWZHHQVPRRWKSXUVXLWJDLQ
DQG3UDWLRQRUEHWZHHQDQWLVDFFDGHHUURUUDWHDQG3UDWLR
&RQFOXVLRQV (\H WDFNLQJ G\VIXQFWLRQ DQG VDFFDGHV PD\ VWHP IURP WKH
VDPHSUHIURQWDOFRUWLFDOG\VIXQFWLRQ,QFRQWUDVWWKHUHLVOLWWOHHYLGHQFHWR
VXJJHVW WKDW SDUDGLJPVPHDVXULQJ VHQVRU\ JDWLQJ 3 SDUDGLJP DQG WKH
DQWLVDFFDGHSDUDGLJPHYDOXDWHVLPLODUEUDLQSURFHVVHV
5HIHUHQFHV
$FRQFRUGDQFHVWXG\RIWKUHHHOHFWURSK\VLRORJLFDOPHDVXUHVLQVFKL]RSKUH
QLD/RXFKDUWGH OD&KDSHOOH61NDP,+RX\(%HOPRQW$0pQDUG-)
5RXVVLJQRO$&6LZHN20H]HUDL0*XLOOHUPRX0)RXOGULQ*/HYLOODLQ
''ROOIXV6&DPSLRQ'7KLEDXW)$P-3V\FKLDWU\0DUFK
6
(QGRSKHQRW\SHVIRU0ROHFXODU*HQHWLF6WXGLHVLQ
6FKL]RSKUHQLD
'DQ5XMHVFX
'HSDUWPHQWRI3V\FKLDWU\/XGZLJ0D[LPLOLDQV8QLYHUVLW\
0XQLFK*HUPDQ\
&OLQLFDO FODVVL¿FDWLRQ V\VWHPV LQ SV\FKLDWULF GLVRUGHUV LQFOXGLQJ VFKL]R
SKUHQLD PD\ GHVFULEH KHWHURJHQHRXV GLVRUGHUV LPSO\LQJ WKDW WKH FXUUHQW
FOLQLFDOSV\FKLDWULFFODVVL¿FDWLRQPLJKWQRWEHRSWLPDOIRUJHQHWLFVWXGLHV
7KHUHIRUH VLPSOHU TXDQWL¿DEOHPHDVXUHV RI QHXURSV\FKLDWULF IXQFWLRQLQJ
PD\EHPRUHXVHIXOLQJHQHGLVFRYHU\7KLVDSSURDFKKHOSVWRFLUFXPYHQW
TXHVWLRQV DERXW HWLRORJLFDOPRGHOV7KH UDWLRQDOH IRU WKHXVHRI HQGRSKH
QRW\SHV LQ JHQH GLVFRYHU\ LV WKDW WKH HQGRSKHQRW\SHV DVVRFLDWHG ZLWK D
SV\FKLDWULFGLVRUGHUDUHPRUHHOHPHQWDU\FRPSDUHGWRFOLQLFDOSKHQRW\SHV
7KLVDOVR LPSOLHV WKDW WKHQXPEHURIJHQHV UHTXLUHG WRSURGXFHYDULDWLRQV
LQWKHVHWUDLWVPD\EHIHZHUWKDQWKRVHLQYROYHGLQSURGXFLQJDSV\FKLDWULF
GLDJQRVWLFHQWLW\(QGRSKHQRW\SHVDUHWKXVOLNHO\WREULGJHWKHJDSEHWZHHQ
JHQHVDQGFOLQLFDOSKHQRW\SHV
:H GHVFULEH RXU VWUDWHJ\ ZKLFK LQFOXGHV D EURDG UDQJH RI VFKL]RSKUHQLD
HQGRSKHQRW\SHVDQGSUHVHQWQHZGDWD
6
1R$EVWUDFW5HFHLYHG
'DQLHO:HLQEHUJHU
86$
039#(/4)#¬$)3/2$%23¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
',6&75$;+DSORW\SHV$VVRFLDWHZLWK6FKL]RSKUHQLD
5HGXFHG3UHIURQWDO*UD\0DWWHUDQG,PSDLUHG6KRUWDQG
/RQJWHUP0HPRU\
7\URQH'&DQQRQ
8QLYHUVLW\RI&DOLIRUQLD/RV$QJHOHV86$
:LOOLDP+HQQDK7KHR*0YDQ(US3DXO07KRPSVRQ-RXNR
/RQQTYLVW0DWWL+XWWXQHQ$UWKXU:7RJD-DDNNR.DSULR/HHQD
3HOWRQHQ
2EMHFWLYHV&KURPRVRPHTLVDPRQJVHYHUDOJHQRPLFUHJLRQVVKRZLQJ
UHSOLFDWHGHYLGHQFHRIOLQNDJHZLWKVFKL]RSKUHQLDEXWWKHVSHFL¿FVXVFHSWL
ELOLW\PHFKDQLVPVXQGHUO\LQJWKLVUHODWLRQVKLSUHPDLQWREHLGHQWL¿HG+HUH
ZHVRXJKWWRH[DPLQHDVHULHVRIKDSORW\SHEORFNVRIVLQJOHQXFOHRWLGHSRO\
PRUSKLF613PDUNHUVIURPDVHJPHQWRITVSDQQLQJWKH'LVUXSWHG,Q
6FKL]RSKUHQLD',6&DQG7UDQVOLQ$VVRFLDWHG)DFWRU;75$;JHQHV
IRUDVVRFLDWLRQZLWKVFKL]RSKUHQLDDQGVHYHUDOHQGRSKHQRW\SLFWUDLWVWKRXJKW
WRLQYROYHGLQGLVHDVHSDWKRJHQHVLV
0HWKRGV7ZRKXQGUHGDQGWKLUW\WZRVXEMHFWVFRQVLVWLQJRIWZLQSDLUV
FRQFRUGDQWIRUVFKL]RSKUHQLDPRQR]\JRWLF>0=@DQGGL]\JRWLF>'=@
SDLUVGLVFRUGDQW IRU VFKL]RSKUHQLD 0=DQG'= DQGGHPR
JUDSKLFDOO\EDODQFHGQRUPDOSDLUV0=DQG'=ZHUHGUDZQIURPD
WZLQ FRKRUW FRQVLVWLQJRI DOO WKH VDPHVH[ WZLQVERUQ LQ)LQODQGEHWZHHQ
DQGLQFOXVLYH+DSORW\SHVRIWKH',6&DQG75$;JHQHVZHUH
HYDOXDWHG IRUDVVRFLDWLRQZLWKSV\FKLDWULFGLDJQRVLVSHUIRUPDQFHRQQHX
URFRJQLWLYHWHVWVRIVKRUWDQGORQJWHUPPHPRU\DQGJUD\PDWWHUYROXPH
PHDVXUHPHQWVWDNHQIURPKLJKUHVROXWLRQPDJQHWLFUHVRQDQFHLPDJHV
5HVXOWV$FRPPRQ613KDSORW\SHLQFRUSRUDWLQJPDUNHUVQHDUDWUDQVOR
FDWLRQEUHDNSRLQWRI',6&DQGDUDUH613KDSORW\SHLQFRUSRUDWLQJPDUN
HUVIURPERWKWKH',6&DQG75$;JHQHVZHUHVLJQL¿FDQWO\PRUHFRPPRQ
DPRQJ LQGLYLGXDOV ZLWK VFKL]RSKUHQLD DVVXPLQJ D UHFHVVLYH 25 
S  DQG GRPLQDQW 25  S  PRGH RI WUDQVPLVVLRQ UHVSHF
WLYHO\7KHVHKDSORW\SHVZHUHDOVRDVVRFLDWHGZLWKVHYHUDOTXDQWLWDWLYHHQ
GRSKHQRW\SLFWUDLWVSUHYLRXVO\REVHUYHGWRFRYDU\ZLWKVFKL]RSKUHQLDDQG
JHQHWLFOLDELOLW\WRVFKL]RSKUHQLDLQFOXGLQJLPSDLUPHQWVLQVKRUWDQGORQJ
WHUPPHPRU\IXQFWLRQLQJDQGUHGXFHGJUD\PDWWHUGHQVLW\LQWKHSUHIURQWDO
FRUWH[DVGHPRQVWUDWHGXVLQJDSRSXODWLRQEDVHGEUDLQDWODVPHWKRGRORJ\
ZLWKDWUHQGWRZDUGDVVRFLDWLRQZLWKUHGXFHGKLSSRFDPSDOYROXPH
&RQFOXVLRQV6SHFL¿FDOOHOHVRIWKH',6&DQG75$;JHQHVRQTDS
SHDUWRFRQWULEXWHWRJHQHWLFULVNIRUVFKL]RSKUHQLDWKURXJKGLVUXSWLYHHIIHFWV
RQWKHVWUXFWXUHDQGIXQFWLRQRIWKHSUHIURQWDOFRUWH[PHGLDOWHPSRUDOOREH
DQGRWKHUEUDLQUHJLRQVHIIHFWVWKDWDUHFRQVLVWHQWZLWKWKHLUSURGXFWLRQRI
SURWHLQV WKDW SOD\ UROHV LQ QHXULWH RXWJURZWK QHXURQDO PLJUDWLRQ V\QDS
WRJHQHVLVDQGJOXWDPDWHUJLFQHXURWUDQVPLVVLRQ
6
+HPLVSKHULF6SHFLDOL]DWLRQDQG3V\FKRVLV
6
'HILFLWVRI/DQJXDJH6SHFLILF$UHDVDQG3V\FKRVLV
:HUQHU6WULN
8QLYHUVLW\+RVSLWDORI3V\FKLDWU\%HUQ6ZLW]HUODQG
7KRPDV'LHUNV'DQLHOD+XEO
2EMHFWLYHV 7R XQGHUVWDQG WKH LPSDFW DQG PHDQLQJ RI ODQJXDJH UHODWHG
V\PSWRPVLQVFKL]RSKUHQLDDW WKH OLJKWRIVWUXFWXUDODQGIXQFWLRQDOGLVWXU
EDQFHVRIWKHOHIWKHPLVSKHULFODQJXDJHORRS
0HWKRGV6FKL]RSKUHQLF3DWLHQWVZLWKDXGLWRU\KDOOXFLQDWLRQV LQ WKH IRUP
RIVSHDNLQJYRLFHVZHUHVWXGLHGZLWKIXQFWLRQDO05,'LIIXVLRQ7HQVRU,P
DJLQJDQGHYRNHG3RWHQWLDOV ,QWUDLQGLYLGXDODQG LQWHULQGLYLGXDO VWDWLVWLFDO
&RPSDULVRQVZHUHFRPSXWHGIRUSHULRGZLWKDQGZLWKRXWKDOOXFLQDWLRQVDQG
IRUIUHTXHQWO\DQGQHYHUKDOOXFLQDWLQJVFKL]RSKUHQLFV
5HVXOWV+DOOXFLQDWLRQVZHUHUHODWHGWRSDWKRORJLFDOFRDFWLYDWLRQRIOHIW+H
VFKO¶VJ\UXVRIDQLQFUHDVHGVSDWLDORUJDQLVDWLRQRIWKHOHIW¿EUHWUDFWZKLFK
FRQQHFWVWKHIURQWDODQGWKHWHPSRUDOODQJXDJHUHODWHGUHJLRQVWKHIDVFLFX
OXVDUFXDWXVDQGWRDOHIWVLGHGGHFUHDVHRIWKHDXGLWRU\1DPSOLWXGHV
&RQFOXVLRQV 7KH UHVXOWV LQGLFDWH WKDW LPSRUWDQW QRGHV RI WKH OHIW KHPL
VSKHULF ODQJXDJH ORRS DUH GLVWXUEHG LQ VFKL]RSKUHQLF SDWLHQWV ZKR VXIIHU
IURPDXGLWRU\ODQJXDJHKDOOXFLQDWLRQV7KHQDWXUHRIWKHGLIIHUHQW¿QGLQJV
G\VIXQFWLRQDO VWUXFWXUDO GH¿FLWV RU GXH WR UHDFWLYH SODVWLFLW\ DV ZHOO DV
WKHLQWHUDFWLRQVEHWZHHQWKHHOHPHQWVRIWKHORRSSULPDU\DXGLWRU\FRUWH[
:HUQLFNH¶V DQG %URFD¶V DUHD DQG WKH ORQJ FRQQHFWLQJ FRUWLFRFRUWLFDO ¿
EUHVQHHGWREHIXUWKHUVSHFL¿HG7RJHWKHUZLWKWKH¿QGLQJVRIRWKHUJURXSV
LQGLFDWLQJIXQFWLRQDODQGVWUXFWXUDOGH¿FLWVODQJXDJHG\VIXQFWLRQVDQGWKH
OHIWKHPLVSKHULFODQJXDJHORRSDSSHDUWRPHULWLQFUHDVHGDWWHQWLRQLQIXWXUH
LQYHVWLJDWLRQVWREHWWHUXQGHUVWDQGWKHSDWKRSK\VLRORJ\RIVFKL]RSKUHQLD
5HIHUHQFHV
+XEO' HW DO 3DWKZD\V WKDWPDNHYRLFHVZKLWHPDWWHU FKDQJHV LQ
DXGLWRU\KDOOXFLQDWLRQV
$UFK*HQ3V\FKLDWU\
6
/HIW7HPSRUDO/REH1HRFRUWH[	3V\FKRVLV05,DQG(53
6WXGLHV
5REHUW0F&DUOH\
'HSW3V\FKLDWU\9$%RVWRQ+HDOWKFDUH6\VWHPDQG+DUYDUG
0HGLFDO6FKRRO%URFNWRQ86$
'6DOLVEXU\.6SHQFHU01L]QLNLHZLF]06KHQWRQ
$LPV:H LQYHVWLJDWHG ODWHUDOLW\ RI DEQRUPDOLWLHV LQ ¿UVW HSLVRGH VFKL]R
SKUHQLD)(6=¿UVWKRVSLWDOL]DWLRQDQGFKURQLFVFKL]RSKUHQLD&6=DQG
FRQWUROVJURXSPDWFKHGIRUDJHDQG3DUHQWDO6(6
0HWKRGV+LJKUHVROXWLRQVWUXFWXUDO05,VFDQVZHUHDFTXLUHGRQ*(7
PDFKLQHV1HXURVFDQDPSVDQG(OHFWURFDSHOHFWURGHV\VWHPVDFTXLUHG((*
GDWDZLWKWKH0LVPDWFKSDUDGLJPDQGZLWKVWHDG\VWDWHDXGLWRU\VWLPXODWLRQ
66$(3 DW +] VLQJOH VWLPXOXVSKDVH ORFNLQJ HYDOXDWHGXVLQJ0RUOHW
:DYHOHWV6SHQFHUHWDO
5HVXOWV 6WUXFWXUDO 05, VKRZHG OHIWODWHUDOL]DWLRQ RI DEQRUPDOLWLHV RI
VPDOOHUJUD\PDWWHU*0YROXPHVLQ6=SDUWLFXODUO\ZLWKLQWKHOHIWVXSH
ULRUWHPSRUDOJ\UXV67*ERWKLQ)(6=DW¿UVWKRVSLWDOL]DWLRQDQGLQ&6=
WKDWZDV QRW VHHQ LQ)( DIIHFWLYH PDQLF SV\FKRVLV )($))0RUHRYHU
WKHUHZDVDSURJUHVVLYHORVVRI*0LQERWKOHIW+HVFKOJ\UXVDQGOHIWSOD
QXP WHPSRUDOH LQ )(6= LQ WKH  \U IROORZLQJ ¿UVW KRVSLWDOL]DWLRQ DQG
WKHGHJUHHRI WKHYROXPHUHGXFWLRQZDVKLJKO\FRUUHODWHGZLWK WKHGHJUHH
RIPLVPDWFK QHJDWLYLW\ DPSOLWXGH UHGXFWLRQ RYHU WKLV VDPH WLPH LQWHUYDO
)($)) GLG QRW VKRZ WKLV FKDQJH .DVDL HW DO VXPPDUL]H05, GDWD ,Q
QHZO\DFTXLUHGGDWD&6=VKRZHGUHGXFHGSKDVHORFNLQJWRERWKPRQDXUDO
DQGELQDXUDO+]VWLPXOLWKHGHJUHHRISKDVHORFNLQJDWWKHEHJLQQLQJRI
ULJKWHDUOHIWKHPLVSKHUHVWLPXODWLRQZDVLQYHUVHO\DVVRFLDWHGZLWKDXGL
WRU\KDOOXFLQDWLRQVDQGDWWHQWLRQ6$36VFDOHS¶V
&RQFOXVLRQV 7DNHQ WRJHWKHU WKHVH GDWD LQGLFDWH D OHIW ODWHUDOL]DWLRQ RI
VPDOOHU67*JUD\PDWWHUYROXPHLQDXGLWRU\DQGVSHHFKUHODWHGDUHDVLQ6=
,Q)(6= WKHUH LVDSRVWRQVHW OHIW67**0UHGXFWLRQDVVRFLDWHGZLWK WKH
GHYHORSPHQWRIDPLVPDWFKDEQRUPDOLW\+]66$(3H[SHULPHQWVLQ&6=
UHYHDO OHIWKHPLVSKHUHSKDVHORFNLQJ UHVSRQVH UHGXFWLRQ WKDW LV FRUUHODWHG
ZLWKKDOOXFLQDWLRQVDQGDWWHQWLRQDODEQRUPDOLWLHV6LPLODUJDPPDEDQGVWXG
LHVZLOOEHRILQWHUHVWLQ)(6=
5HIHUHQFHV
.DVDLHWDO3URJUHVVLYHGHFUHDVHRI OHIW+HVFKOµVJ\UXVDQGSODQXPWHP
SRUDOH JUD\ PDWWHU YROXPH LQ VFKL]RSKUHQLD$UFK *HQ 3V\FK  

6SHQFHUHWDO1HXUDOV\QFKURQ\LQGH[HVGLVRUGHUHGSHUFHSWLRQDQGFRJQL
WLRQLQVFKL]RSKUHQLD3URF1DWO$FDG6FL86$
6
%UDLQ)ROGLQJLQ6FKL]RSKUHQLD
-HDQ/XF0DUWLQRW
,16(50&($(50³1HXURLPDJLQJLQ3V\FKLDWU\´
1DWLRQDO,QVWLWXWHIRU6FLHQWL¿FDQG0HGLFDO5HVHDUFK,16(50
DQG$WRPLF(QHUJ\&RPPLVVLRQ&($,)5)UpGpULF-ROLRW
GHSDUWPHQW2UVD\)UDQFH
.LUFKHU73DLOOqUH0/3OD]H0-DQXHO'%HOOLYLHU)$QGRK-
'H%HDXUHSDLUH5&KDQUDXG6$UWLJHV('XFKHVQD\(
0DQJLQ-).HOOHUPDQQ7/HXEH'%DUWUpV)D]'&DFKLD$
&RUWLFDOIROGVDUHIRUPHGGXULQJIHWDODJHDQGFKLOGKRRG&KLHWDO
DQG IRUP VXOFL DQG J\UL SDWWHUQV7KH FRUWLFDO IROGLQJ SDWWHUQPD\ UHÀHFW
039#(/4)#¬$)3/2$%23¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
WKHYDULRXVFRQQHFWLYLW\DQG IXQFWLRQDO FRQVWUDLQWVRFFXUULQJGXULQJEUDLQ
GHYHORSPHQW 9DQ(VVHQ6FLHQFH0DQJLQ HW DO1HXURLPDJH
,W KDVEHHQ VXJJHVWHG WKDW DEQRUPDOPDWXUDWLRQFRXOGEH D ULVN IDFWRU IRU
VFKL]RSKUHQLD /HZLV DQG /HZLWW  $VVHVVPHQW RI IROGLQJ SDWWHUQV
FRXOGWKHQSURYLGHFXHVRQWKHQHXURGHYHORSPHQWDODVSHFWVRIWKLVSDWKRO
RJ\/H3URYRVWHWDO
:HDSSO\QHZEUDLQPRUSKRPHWU\ WRROVSURYLGLQJDXWRPDWLFDOO\' VXOFL
VKDSHGHVFULSWRUVVXUIDFHDQGGHSWKIURP05,GDWD0DQJLQHWDO
&DFKLD HW DO  7KLV PHWKRG DYRLGV WKH ELDV LQKHUHQW WR WKH LPDJH
DQDO\VLV SURFHGXUHV XVLQJ VSDWLDO QRUPDOLVDWLRQ 05, GDWDVHWV IURP 
SDWLHQWV ZLWK VFKL]RSKUHQLD DUH FRPSDUHG ZLWK  FRQWUROV PDWFKHG IRU
JHQGHUDJHDQGKDQGHGQHVV05,ZHUHDFTXLUHGRQ7LPDJHUVZLWKVH
TXHQFHVSURYLGLQJKLJKFRQWUDVWEHWZHHQJUD\DQGZKLWHPDWWHUV6XOFLZHUH
DXWRPDWLFDOO\VHJPHQWHGIURP05LPDJHVXVLQJ%UDLQYLVDVRIWZDUHKWWS
EUDLQYLVDLQIR7KHKHWHURPRGDOFRUWH[ZDVLQYHVWLJDWHGVLQFHLPSDLUHG
PDWXUDWLRQKDV EHHQK\SRWKHVLVHG LQ WKHVH FRUWLFDO UHJLRQV LQ VFKL]RSKUH
QLD7KH 6XSHULRU7HPSRUDO )URQWDO DQG&LQJXODWH VXOFL PDLQ IROGV DQG
EUDQFKHVZHUHDXWRPDWLFDOO\GHOLQHDWHGODEHOOHGDQGPHDVXUHG
3UHOLPLQDU\ UHVXOWV IURP D VXEVHW RI VXEMHFWV LQGLFDWH GLIIHUHQFHV LQ VXOFL
PRUSKRORJ\DQGDV\PHWU\EHWZHHQJURXSV7KH\DUHEHLQJYDOLGDWHGRQWKH
ZKROH VDPSOH 5HVXOWV ZLOO EH SUHVHQWHG GXULQJ WKH V\PSRVLXP$SSOLHG
RQ DOO EUDLQ IROGV WKLV DXWRPDWLF SURFHGXUHPLJKW KLJKOLJKW UHJLRQVZLWK
GHYHORSPHQWDOYDULDWLRQV
6
/RVVHVDQG5HYHUVDOVRI$V\PPHWU\LQ6FKL]RSKUHQLDDV
6WXGLHGLQ3RVWPRUWHP%UDLQ
7LPRWK\-&URZ
6$1(32:,&8QLYHUVLW\RI2[IRUG8.
6WHYHQ$&KDQFH7KRPDV-&XOOHQ0DUJDUHW0(VLUL
0DQXHO&DVDQRYD
2EMHFWLYHV7RGHWHUPLQH WKH FHOOXODUEDVLVRI DQRPDOLHVRI VWUXFWXUH DQG
IXQFWLRQLQVFKL]RSKUHQLD
0HWKRGV:HLQYHVWLJDWHGDV\PPHWULHVRIQHXURQDOGHQVLW\LQWKHSUHIURQWDO
FRUWH[%$LQWKHEUDLQVRISDWLHQWVZLWKVFKL]RSKUHQLDDQGQRUPDO
VXEMHFWVPHQDQGZRPHQLQERWKJURXSV:HPHDVXUHGYROXPHVDQG
VXUIDFHDUHDVRI OHIWDQGULJKWVXSHULRU WHPSRUDOJ\UXV LQFOXGLQJ+HVFKO¶V
J\UXV+*DQGSODQXPWHPSRUDOH7SWRISRVWPRUWHPPDWHULDOIURP
FRQWUROVXEMHFWVIHPDOHPDOHDQGSDWLHQWVZLWKVFKL]RSKUHQLD
IHPDOHPDOHXVLQJVWHUHRORJLFDOSUREHV7KHPLQLFROXPQGLVWULEXWLRQLQ
WKHVHODWWHUVWUXFWXUHVZDVDVVHVVHGRQ1LVVOVWDLQHGVHFWLRQVE\VHPLDXWR
PDWHGPLFURVFRSHLPDJHDQDO\VLV
5HVXOWV 2YHUDOO QHXURQDO GHQVLW\ LQGLYLGXDOO\ FRUUHFWHG IRU VKULQNDJH
LQ %$ GLG QRW GLIIHU EHWZHHQ WKH JURXSV )  GI  S  ,Q
WKHKHDOWK\EUDLQVGHQVLW\ZDVJHQHUDOO\JUHDWHU LQ WKH OHIW WKDQ WKH ULJKW
KHPLVSKHUHWKHUHYHUVHSDWWHUQEHLQJREVHUYHGLQWKHVFKL]RSKUHQLFEUDLQV
)  GI  S  WKLV ORVV RU UHYHUVDO RI DV\PPHWU\ZDVPRVW
VLJQL¿FDQW LQ OD\HU  RI%$ )  GI  S  ,Q WKH VXSHULRU
WHPSRUDOJ\UXVVXUIDFHDUHDZDVODUJHUDQGFROXPQVSDFLQJZDVZLGHULQWKH
OHIWKHPLVSKHUH ,QSDWLHQWVZHIRXQGWKDWVXUIDFHDUHDDV\PPHWULHVZHUH
UHGXFHGDQGWKHVL]HRIPLQLFROXPQVLQDXGLWRU\ODQJXDJHDUHDVZDVDOWHUHG
LQ D VH[GHSHQGHQW PDQQHU  FROXPQ VSDFLQJ ZDV ODUJHU LQ IHPDOHV DQG
VPDOOHULQPDOHVWKDQLQVDPHVH[FRQWUROV
&RQFOXVLRQV7KH¿QGLQJVLQWKHWZRDUHDVDUHFRQVLVWHQWZLWKWKHK\SRWK
HVLVWKDWWKHSULPDU\FKDQJHLQVFKL]RSKUHQLDLVLQWKHUHODWLYHGHYHORSPHQW
DQG LQWHUFRQQH[LRQV EHWZHHQ DUHDV RI KHWHURPRGDO DVVRFLDWLRQ FRUWH[ LQ
WKH WZR KHPLVSKHUHV 7KH ¿QGLQJV LQ WKH SODQXP WHPSRUDOH VXJJHVW WKDW
PLQLFROXPQVDUHIXQGDPHQWDODQDWRPLFDOXQLWVWKDWGHWHUPLQHUHJLRQDOVL]H
DQG DV\PPHWU\ GLIIHUHQWLDOO\ LQ PHQ DQG ZRPHQ DQG DUH V\VWHPDWLFDOO\
DOWHUHGLQSV\FKRSDWKRORJ\
5HIHUHQFHV
&URZ7- D &HUHEUDO DV\PPHWU\ DQG WKH ODWHUDOL]DWLRQ RI ODQJXDJH
FRUH GH¿FLWV DV SRLQWHUV WR WKH JHQH &XUUHQW 2SLQLRQ LQ 3V\FKLDWU\ 

&URZ7-E'LUHFWLRQDODV\PPHWU\LVWKHNH\WRWKHRULJLQRIPRGHUQ
+RPRVDSLHQV/DWHUDOLW\
&XOOHQ7-HWDO1HXURQDOGHQVLW\LQGRUVRODWHUDOSUHIURQWDOFRUWH[
LQ VFKL]RSKUHQLD LV DQRPDORXVO\ DV\PPHWULFDO EXW QRW LQFUHDVHG %ULWLVK
-RXUQDORI3V\FKLDWU\LQSUHVV
6
/DQJXDJHDVDQHQGRSKHQRW\SHPDUNHUIRUSV\FKRVLV
7LOR.LUFKHU
/	)([SHULPHQWHOOH3V\FKRSDWKRORJLH.OLQLNIU3V\FKLDWULHXQG
3V\FKRWKHUDSLHGHV8QLYHUVLWlWVNOLQLNXPVGHU5:7+$DFKHQ
*HUPDQ\
6XPPDU\$OWHUDWLRQVLQWKRXJKWDQGODQJXDJHDUHFRUHV\PSWRPVRIVFKL]
RSKUHQLD6WXGLHVZLWKVWUXFWXUDODQGIXQFWLRQDOLPDJLQJI05,DVZHOODV
PDJQHWRHOHFWURHQFHSKDORJUDSK\((*0(*RQODQJXDJHLQVFKL]RKUHQLD
ZLOOEHVHOHFWLYHO\GHVFULEHG$PRGHOZLOOEHSUHVHQWHGZKHUHEUDLQVWUXF
WXUHIXQFWLRQUHFHSWRUFKHPLVWU\FRQJLWLYHGH¿FLWVDQGSV\FKRSDWKRORJ\RI
ODQJXDJHUHODWHGSKHQRPHQDDUHLQWHJUDWHG$GLIIXVHEUDLQWUDXPDJHQHWLF
YLUDOGXULQJIHWDOQHXURGHYHORSPHQWUHVXOWVLQSDWKRORJLFDOFHOOPLJUDWLRQ
PHGLDWHGWKURXJK5HOLQZLWKLQWKHVXSHULRUWHPSRUDOJ\UXV&RQVHTXHQWO\
DOWHUDWLRQV RI WKH JOXWDPDWH UHFHSWRU V\VWHP DQG GHFUHDVHG PLVPDWFK
QHJDWLYLW\ KDYH EHHQ GHVFULEHG LQ VFKL]RSKUHQLD 7KHVH VWUXFWXUDO DQG
ELRFKHPLFDOFKDQJHVUHVXOWLQDG\VUXSWLRQRIWKHQRUPDOFHUHEUDOODQJXDJH
ODWHUDOLVDWLRQGXULQJFKLOGKRRG$VDUHVXOWWKHPHQWDOOH[LFRQQRUPDOO\LQ
WKHOHIWVXSHULRUWHPSRUDOJ\UXVLVUHYHUVHGLQDGXOWVFKL]RSKUHQLFSDWLHQWV
7KHSURGXFWLRQRI WKRXJKWGLVRUGHUHGVSHHFKLV LQSDUWGXHWRDGHFUHDVHG
DFWLYDWLRQ RI WKH:HUQLFNH$UHD DQG WKH UHFUXLWPHQW RI WKH ULJKW PHQWDO
OH[LFRQZLWKLWVGLIIXVHVHPDQWLF¿HOGV7KHJHQHWLFEDVLVRIWKHVHDOWHUDWLRQV
ZLOOEHGLVFXVVHG
6
1HXURELRORJLFDO0HFKDQLVPV8QGHUO\LQJ6XVFHSWLELOLW\WR
6FKL]RSKUHQLD
6
6XVFHSWLELOLW\JHQHVIRUVFKL]RSKUHQLD
9LVKZDMLW/1LPJDRQNDU
8QLYHUVLW\RI3LWWVEXUJK:3,&3LWWVEXUJK86$
2EMHFWLYHV7RLGHQWLI\JHQHWLFULVNIDFWRUVIRUVFKL]RSKUHQLDZLWKHPSKDVLV
RQ¿QGLQJVUHODWHGWR5HJXODWRURI*3URWHLQVLJQDOLQJ5*6DQG'RSDPLQH
'UHFHSWRUJHQH'5'
0HWKRGV:H KDYH DGRSWHG D FRPSUHKHQVLYH DSSURDFK EDVHG RQ OLQNDJH
DQGDVVRFLDWLRQDQDO\VHVRIPXOWLSOHVDPSOHVDVZHOODVLQYHVWLJDWLRQVLQWR
IXQFWLRQDOFRUUHODWHV
5HVXOWV*HQHH[SUHVVLRQDQDO\VHVRISRVWPRUWHPFHUHEUDOFRUWH[DVZHOO
DVRXUSULRUJHQHWLFDQDO\VHVKDYHLPSOLFDWHGYDULDWLRQVLQWKH5HJXODWRURI
*SURWHLQ6LJQDOLQJ5*6DVULVNIDFWRUVIRUVFKL]RSKUHQLD6RPHRIWKH
SXEOLVKHG UHVXOWV ZHUH GLI¿FXOW WR UHFRQFLOH )RU H[DPSOH WKH DVVRFLDWHG
DOOHOHVKDSORW\SHVGLIIHUHG7RFODULI\WKHVHLQFRQVLVWHQFLHVZHKDYHLGHQWL
¿HGVHYHUDOQRYHO613VDW5*6IRUIXUWKHUDQDO\VLV:HDUHDOVRFRQGXFWLQJ
PHWDDQDO\VLVRIPXOWLVLWHUHVXOWV*HQHWLFYDULDWLRQLVEHLQJLQYHVWLJDWHGLQ
UHODWLRQWREUDLQLPDJLQJYDULDEOHV:HDUHDOVRLQYHVWLJDWLQJWKHIXQFWLRQDO
LPSDFWRIWKHVHSRO\PRUSKLVPVLQYLWUR7KHV\QWKHVLVRIWKHVHGDWDZLOOEH
SUHVHQWHG6LPLODUO\ZHDUHLQYHVWLJDWLQJ'5'DJHQHLPSOLFDWHGLQSULRU
SRVWPRUWHP DQDO\VHV DQG JHQHWLF DVVRFLDWLRQ VWXGLHV:H DUH HYDOXDWLQJ
OLQNDJH DQG DVVRFLDWLRQV ZLWK VLQJOH QXFOHRWLGH SRO\PRUSKLVPV 613V
ORFDOL]HGRYHUDNEUHJLRQÀDQNLQJ'5'7KUHHLQGHSHQGHQWVDPSOHV
IURPWKH86$,QGLDDQGWKH8.DUHEHLQJLQYHVWLJDWHG
&RQFOXVLRQV$YDLODEOH UHVXOWVVXJJHVW WKDWERWK5*6DQG'5'DUH LQ
YROYHGLQWKHSDWKRJHQHVLVDQGSRVVLEO\WKHHWLRORJ\RIVFKL]RSKUHQLD
5HIHUHQFHV
&KRZGDUL.90LUQLFV.6HPZDO3HWDO$VVRFLDWLRQDQGOLQNDJH
DQDO\VHV RI 5*6 SRO\PRUSKLVPV LQ VFKL]RSKUHQLD +XP0RO*HQHW 

1LPJDRQNDU9/6DQGHUV$5*DQJXOL5HWDO$VVRFLDWLRQVWXG\RI
VFKL]RSKUHQLDDQGWKHGRSDPLQH'UHFHSWRUJHQHORFXVLQWZRLQGHSHQGHQW
VDPSOHV$PHULFDQ-RXUQDORI0HGLFDO*HQHWLFV
039#(/4)#¬$)3/2$%23¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
,QVWDELOLW\RI3UHIURQWDO%2/'6LJQDO3URFHVVLQJLQ
6FKL]RSKUHQLD
*HRUJ:LQWHUHU
-RKDQQHV*XWHQEHUJ8QLYHUVLW\+RVSLWDO0DLQ]*HUPDQ\
2EMHFWLYHV3UHIURQWDOG\VIXQFWLRQ LVFRQVLGHUHGD IXQGDPHQWDOFKDUDFWHU
LVWLFRIVFKL]RSKUHQLD5HFHQWHOHFWURSK\VLRORJLFHYLGHQFHSRLQWVWRDIXQ
GDPHQWDOLQVWDELOLW\RIVLJQDOSURFHVVLQJLQSUHIURQWDOFRUWLFDOPLFURFLUFXLWV
UHVXOWLQJ IURP UHGXFHGSKDVHV\QFKURQL]DWLRQ LH DQ LQFUHDVHG VWLPXOXV
UHODWHGYDULDELOLW\³QRLVH´RIVLQJOHWULDOUHVSRQVHVLQWKHVSDWLDODQGWLPH
GRPDLQ :LQWHUHU 	 :HLQEHUJHU  0RUHRYHU LQFUHDVHG QRLVH ZDV
IRXQGEHLQJDVVRFLDWHGZLWKULVNIRUVFKL]RSKUHQLDDQGZLWKWKH9DO0HW
SRO\PRUSKLVPRIWKH&207JHQHZKLFKLWVHOIKDVEHHQDVVRFLDWHGZLWKULVN
IRUVFKL]RSKUHQLDDQGSUHIURQWDOIXQFWLRQ
0HWKRGV  FOLQLFDOO\ VWDEOH ³KLJKIXQFWLRQLQJ´ VFKL]RSKUHQLF SDWLHQWV
DQG PDWFKHG FRQWUROVZHUH LQYHVWLJDWHG:H XVHG IXQFWLRQDOPDJQHWLF
UHVRQDQFHLPDJLQJI05,GXULQJDYLVXDOFKRLFHUHDFWLRQWDVNWRPHDV
XUHZLWK KLJKHU VSDWLDO DFFXUDF\ SUHIURQWDO QRLVH LQ VFKL]RSKUHQLD DQG LWV
UHODWLRQVKLS WR PRUH WUDGLWLRQDO PHDVXUHV RI ³DFWLYDWLRQ´ (YHQWUHODWHG
%2/'UHVSRQVHVZHUH VXEMHFWHG WR DQDQDO\VLVRI UHVLGXDOQRLVHYDULDQFH
DQGLQGHSHQGHQWGDWDGLPHQVLRQLQGHSHQGHQWFRPSRQHQWDQDO\VLV,&$LQ
PHGLDOSUHIURQWDOFRUWH[YHFWRUVSDFH
5HVXOWV,QVFKL]RSKUHQLFSDWLHQWVZHIRXQGLQFUHDVHGUHVLGXDOQRLVHYDUL
DQFHRIWKH%2/'UHVSRQVHWKDWSUHGLFWHGWKHOHYHORISUHIURQWDODFWLYDWLRQ
LQ WKHVH VXEMHFWV ,Q WKH OHIW KHPLVSKHUH UHVLGXDO QRLVH YDULDQFH VWURQJO\
FRUUHODWHGZLWKSV\FKRWLFV\PSWRPV,&$UHYHDOHGD³IUDFWLRQL]HG´DQGXQ
IRFXVVHGSDWWHUQRIDFWLYDWLRQLQSDWLHQWVZKLFKFRUUHODWHGZLWKUHDFWLRQWLPH
YDULDELOLW\0HGLFDWLRQDQGKHDGPRWLRQKDGQRLPSDFWRQWKHUHVXOWV
&RQFOXVLRQV7KHVH¿QGLQJVVXJJHVWWKDWXQVWDEOHFRUWLFDOVLJQDOSURFHVVLQJ
XQGHUOLHVFODVVLFDEQRUPDOFRUWLFDODFWLYDWLRQSDWWHUQVDVZHOODVSV\FKRVLV
DQGGLVWXUEHGLQIRUPDWLRQSURFHVVLQJLQVFKL]RSKUHQLD
5HIHUHQFHV
:LQWHUHU*	:HLQEHUJHU'5*HQHVGRSDPLQHDQGFRUWLFDOVLJQDO
WRQRLVHUDWLRLQVFKL]RSKUHQLD7UHQGVLQ1HXURVFL
6
1HXURGHYHORSPHQWDOPDUNHUVDQGVXVFHSWLELOLW\WR
VFKL]RSKUHQLD
6WHSKHQ/DZULH
8QLYHUVLW\RI(GLQEXUJK6FRWODQG
2EMHFWLYHV ,Q WKH (GLQEXUJK +LJK 5LVN 6WXG\ ZH KDYH LQYHVWLJDWHG
ZKHWKHUDQ\QHXURGHYHORSPHQWDODEQRUPDOLWLHVXVHIXOO\SUHGLFWVFKL]RSKUH
QLDE\SURVSHFWLYHO\VWXG\LQJ\RXQJSHRSOHZLWKDSRVWXODWHGULVN
RIVFKL]RSKUHQLD
0HWKRGVKLJKULVNVXEMHFWVZLWKDQLQLWLDOPHDQDJHRI\HDUVZHUH
UHFUXLWHGDVWKH\KDGDWOHDVWWZRUHODWLYHVZLWKVFKL]RSKUHQLD7RJHWKHUZLWK
FRQWURO VXEMHFWV WKH\ZHUHH[DPLQHGDWEDVHOLQH ZLWKGHYHORSPHQWDO
FOLQLFDOQHXURSV\FKRORJLFDODQGVWUXFWXUDOIXQFWLRQDO05,PHDVXUHVDQGDW
PRQWKLQWHUYDOVWKHUHDIWHU
5HVXOWV 6HYHUDO GHYHORSPHQWDO GLIIHUHQFHV DUH HYLGHQW EHWZHHQ WKRVH DW
KLJK ULVN DQG KHDOWK\ FRQWUROV ± LQFOXGLQJ GHUPDWRJO\SKLFV EHKDYLRXU LQ
FKLOGKRRGPLQRU SK\VLFDO DQRPDOLHV QHXURORJLFDO VRIW VLJQV DQGPHGLDO
WHPSRUDOOREHYROXPHV$FLUFXPVFULEHGVHFRQGVHWRIGH¿FLWVZHUHVSHFL¿
FDOO\UHODWHG WRJHQHWLF OLDELOLW\± LQFOXGLQJPHDVXUHVRIZRUGSURGXFWLRQ
VWRU\UHFDOOSUHIURQWDODQGWKDODPXVYROXPHVDQGIURQWRIURQWDOIXQFWLRQDO
FRQQHFWLYLW\$ VWLOO VPDOOHU WKLUG VHW RI DEQRUPDOLWLHV DFWXDOO\ SUHGLFWHG
VFKL]RSKUHQLD QDPHO\PHDVXUHV RI VFKL]RW\S\$9/7 DQG VRPH I05,
LQGLFHV 7KH SUR[LPDO HYHQWV WR WKH GHYHORSPHQW RI SV\FKRVLV SRVVLEO\
SUHFLSLWDWHGE\H[SRVXUHWRVWUHVVDQGRUFDQQDELVDSSHDUWREHWKHGHYHORS
PHQWRIDQ[LHW\GHSUHVVLRQDQGDORVVRIEUDLQWLVVXH
&RQFOXVLRQV6FKL]RSKUHQLD LVDGLVRUGHUZKLFKKDV LWVRULJLQVYHU\HDUO\
LQOLIHEXWGHYHORSVRYHU\HDUV,WVPRGHRILQKHULWDQFHDIIHFWVPDQ\PRUH
LQGLYLGXDOV WKDQZLOO GHYHORS WKH LOOQHVV +LJKO\ VLJQL¿FDQW SUHGLFWRUV RI
VFKL]RSKUHQLD DUH GHWHFWDEOH \HDUV EHIRUH RQVHW 6RPH RI WKHVH ¿QGLQJV
DORQHDQGLQFRPELQDWLRQKDYHSRWHQWLDOIRUHDUO\GLDJQRVLV
5HIHUHQFHV
5HI-RKQVWRQHHWDO
.H\DUHDV6FKL]RSKUHQLD*HQHWLFV&RJQLWLYH1HXURSV\
FKLDWU\1HXURLPDJLQJ6WUXFWXUH1HXURLPDJLQJ)XQFWLRQ
1HXURSK\VLRORJ\6WUHVV
6
6WUHVV/LQHVLQ0RODUVDVDQ2EMHFWLYH0DUNHURI(DUO\
(PRWLRQDO6WUHVVDQG6XVFHSWLELOLW\WR6FKL]RSKUHQLD
.XQLR<XL
'HSDUWPHQWRI3V\FKLDWU\-LFKL0HGLFDO6FKRRO.DQVDL
8QLYHUVLW\RI,QWHUQDWLRQDO6WXGLHV-DSDQ
.RLFKL1LVKLMLPD.RLFKL:DWDQDEH0DVD\RVKL.RED\DVKL
.D]X\RVKL,VKLEDVKL+LUR\XNL,QRXH
2EMHFWLYHV6WUHVVHDUO\LQOLIHFDQSURPRWHODVWLQJFKDQJHVLQPXOWLSOHQHX
URFKHPLFDO V\VWHPV LQGXFLQJ VXVFHSWLELOLW\ WR VFKL]RSKUHQLD /DERUDWRU\
PHWKRGIRUHVWLPDWLQJHDUO\VWUHVVPD\WKHUHIRUHEHQHHGHG,QWKLVUHJDUG
GXULQJ  RU  GD\V H[WUHPH VWUHVV DPHOREODVW DFWLYLW\ LQ KXPDQPRODU¶V
HQDPHOLVVORZHGDQGWKHVHJPHQWRIHQDPHOURGVLVVPDOOHUDQGRIWHQPLV
VKDSHQPDNLQJDSDUWLFXODUULQJDVDFFHQWXDWHGVWULDHRI5HW]LXVZKLFKZH
FDOOHG3DWKRORJLFDO6WUHVV/LQHV36/$QLPDODQGFOLQLFDOVWXGLHVLQGLFDWHG
WKDWHPRWLRQDOVWUHVVPD\LQGXFHPLQHUDOFKDQJHLQERQH:HKDYHWKHUHIRUH
H[DPLQHGPLQHUDOFKDQJHVLQ36/WRVWXG\WKHLPSDFWDQGQDWXUHRIVWUHVV
UHODWHGWRVXVFHSWLELOLW\WRVFKL]RSKUHQLD
0HWKRGV:HH[DPLQHG36/LQWKLUGPRODUVLQFKURQLFSDUDQRLGVFKL]R
SKUHQLFV  PDOHV DQG  IHPDOHV  \HDUV ROG DQG  QRUPDO
FRQWUROV PDOHV DQG IHPDOHV  \HDUV ROG0LQHUDO FDOFLXP
SKRVSKRUPDJQHVLXPFKDQJHVLQ3/6ZHUHH[DPLQHGE\VFDQQLQJHOHFWURQ
PLFURVFRSH DQG HOHFWURQ SUREHPLFURDQDO\VHU (30$ 6LQFH WKH UDWH RI
HQDPHO HORQJDWH LVZHOO NQRZQ FKURQRORJLFDO GHWHUPLQDWLRQ DW HDFK KDOI
\HDUO\ LV SRVVLEOH 36/ ZDV DVVHVVHG GXH WR LWV OHQJWK DQG GH¿QLWLRQ LQ
HQDPHODWKDOI\HDUO\EHWZHHQWR\HDUVROGQRQHVOLJKWPLOG
PRGHUDWHVHYHUH,QWKHSUHVHQWVWXG\ZHH[DPLQHG36/UDWHGDVDQG
RYHUEHFDXVHWKH\ZHUHFOHDUO\GH¿QHGXVLQJPLFURVFRS\0LQHUDOFKDQJHV
ZHUHDVVHVVHGLQWKH36/UDWHGDVGXHWRH[WHQWRIPLQHUDOFKDQJHVLQRQH
DUHDPP[PPQRQH
5HVXOWV:HKDYHIRXQGWKDWRIVFKL]RSKUHQLFVDQGRIRIQRUPDO
FRQWUROVKDG36/UDWHGDVDQGRYHU36/VFRUHVLQWKHVFKL]RSKUHQLFV
ZHUHVLJQL¿FDQWO\KLJKHUWKDQWKHFRQWUROVS
6FKL]RSKUHQLFV H[KLELWHG 36/ LQGLFDWLYH RI VWUHVVRUV H[SHULHQFHG GXULQJ
\HDUVROGDWDSHDNSHULRGRIDJH5DWLQJVFRUHVLQFDQJHVRI
FDOFLXPDQGSKRVSKRUZHUHVLJQL¿FDQWO\GHFUHDVHGDQGWKHVHRIPDJQHVLXP
ZHUHVLJQL¿FDQWO\LQFUHDVHGLQWKH36/VXJJHVWLQJWKDWWKHVFKL]RSKUHQLFV
PD\ KDYH EHHQ XQGHUZHQWPRUH VHYHUH HPRWLRQDO VWUHVV FRPSDUHG WR WKH
QRUPDOFRQWUROV
&RQFOXVLRQV 7KHVH ¿QGLQJV VXJJHVW WKDW VWUHVV VHQVLWL]DWLRQPD\ EH GH
YHORSHG E\ H[SRVXUH WR HPRWLRQDO VWUHVV EHWZHHQ  WR  \HDUV ROG
LQGLFDWLQJWKHFULWLFDOSHULRGRIWKHGHYHORSPHQWRIVFKL]RSKUHQLD
5HIHUHQFHV
5RVH -&$UPHODJRV *- /DOOR -:  +LVWRORJLFDO HQDPHO LQGLFDWRU
RIFKLOGKRRGVWUHVVLQSUHKLVWRULFVNHOHWDOVDPSOHV$P-3K\V$QWKURS

6
3URJUHVVLYH05,DQG(53GHILFLWVDIWHUVFKL]RSKUHQLDRQVHW
'HDQ)6DOLVEXU\
+DUYDUG0HGLFDO6FKRRO%RVWRQ0$86$DQG0F/HDQ+RVSLWDO
%HOPRQW0$86$
.L\RWR.DVDL1RULRPL.XURNL0DUWKD(6KHQWRQ
5REHUW:0F&DUOH\
$LPV&XUUHQWPRGHOV RI WKH SDWKRSK\VLRORJ\ LQ VFKL]RSKUHQLD VXJJHVW D
VWDWLF SUH RU SHULQDWDO OHVLRQ DQGQRSURJUHVVLYH VWUXFWXUDO FKDQJHVZLWK
WKH HPHUJHQFHRI V\PSWRPV LQ\RXQJ DGXOWKRRG+RZHYHU DQ DOWHUQDWLYH
SURJUHVVLYH OHVLRQPRGHO SRVLWV D SHULRG RI DFWLYH FRUWLFDO UHGXFWLRQ QHDU
V\PSWRPRQVHW5HFHQW05,PHDVXUHVRIWHPSRUDOOREHVXSHULRUWHPSRUDO
J\UXVGHPRQVWUDWHGSURJUHVVLYH FRUWLFDO JUD\PDWWHU UHGXFWLRQ DW \HDU
UHWHVWLQJ DIWHU ¿UVW KRVSLWDOL]DWLRQ LQ VXSSRUW RI SURJUHVVLYH WKH OHVLRQ
PRGHOWKRXJKFRQWURYHUVLDO3UHYLRXVO\ZHGHPRQVWUDWHGWKDWWKHDXGLWRU\
PLVPDWFKQHJDWLYLW\ 001 LV UHGXFHG LQFKURQLFVFKL]RSKUHQLDSDWLHQWV
EXWLQWKHQRUPDOUDQJHLQ¿UVWKRVSLWDOL]HGSDWLHQWV7RGHWHUPLQHKRZWKLV
039#(/4)#¬$)3/2$%23¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
QRUPDO IXQFWLRQDO UHVSRQVH EHFRPHV DEQRUPDOZKHWKHU001 DPSOLWXGH
VKRZ UHGXFWLRQV DIWHU RQVHW DQGZKHWKHU001 VHUYHG DV DQ LQGH[ RI D
SURJUHVVLYH WHPSRUDO OREH FRUWLFDO OHVLRQ ¿UVW KRVSLWDOL]HG VFKL]RSKUHQLD
SDWLHQWVZHUHIROORZHGORQJLWXGLQDOO\DIWHU¿UVWKRVSLWDOL]DWLRQ
0HWKRGV001DQGVWUXFWXUDO05,ZHUHREWDLQHGDW¿UVWKRVSLWDOL]DWLRQ
DQGRQDYHUDJH\HDUVODWHU(OHYHQVFKL]RSKUHQLDSV\FKRWLFELSRODU
DQGFRQWUROVXEMHFWVZHUHJURXSPDWFKHGIRUDJHS!DQGSDUHQWDO
VRFLRHFRQRPLFVWDWXVS!
5HVXOWV 7KRXJK JURXSV GLG QRW GLIIHU LQ RYHUDOO 001 DPSOLWXGH S
! WKHUH ZDV D VLJQL¿FDQW JURXS E\ WLPH LQWHUDFWLRQ S    RI
VFKL]RSKUHQLFVVKRZHGVPDOOHU001DWUHWHVW:LOFR[RQS %\
FRQWUDVWRQO\RIELSRODUVXEMHFWVS DQGRIFRQWUROVVKRZHG
001UHGXFWLRQS  ,QLWLDOYV UHWHVW OHIWKHPLVSKHUHSULPDU\DXGLWRU\
FRUWH[JUD\PDWWHUYROXPHV UHYHDOHG WKDWRIVFKL]RSKUHQLFVVKRZHG
UHGXFWLRQS %\FRQWUDVWRIELSRODUVXEMHFWVS DQGRI
FRQWUROVVKRZHGFRUWLFDOUHGXFWLRQS )LQDOO\WKHUHGXFWLRQVRI001
DQGDXGLWRU\FRUWH[ZHUHKLJKO\FRUUHODWHGLQWKHVFKL]RSKUHQLDSDWLHQWVU
 S EXWQRWLQELSRODUU S!RUFRQWUROU S!
VXEMHFWV
&RQFOXVLRQV 001 DPSOLWXGH DQG OHIW KHPLVSKHUH +HVFKO¶V J\UXV JUD\
PDWWHUYROXPHVKRZHGKLJKO\LQWHUUHODWHGSURJUHVVLYHUHGXFWLRQVLQWKH¿UVW
\HDUVDIWHUV\PSWRPRQVHW7KHVHFRQMRLQWIXQFWLRQDODQGVWUXFWXUDOSURJUHV
VLYHGH¿FLWVUHSUHVHQWVWURQJHYLGHQFHIRU WKHSURJUHVVLYH OHVLRQPRGHORI
VFKL]RSKUHQLD7KHOHIW WHPSRUDO OREHVXSHULRUWHPSRUDOJ\UXVJUD\PDWWHU
LVDFWLYHO\VKULQNLQJDWDQGDIWHU¿UVWKRVSLWDOL]DWLRQDQG001VHUYHVDVD
VHQVLWLYHLQGH[RIWKLVFRUWLFDOUHGXFWLRQ
6
1HXURELRORJ\RI9XOQHUDELOLW\WR6FKL]RSKUHQLD
6
1R$EVWUDFW5HFHLYHG
0RQWH6%XFKVEDXP
86$
6
0DJQHWLF5HVRQDQFH,PDJLQJ6WXGLHVLQ6FKL]RW\SDO'LVRUGHU
DQG6FKL]RSKUHQLD
0LFKLR6X]XNL
7R\DPD0HGLFDODQG3KDUPDFHXWLFDO8QLYHUVLW\-DSDQ
<DVXKLUR.DZDVDNL0DVD\RVKL.XUDFKL
2EMHFWLYHV%UDLQPRUSKRPHWULFVWXGLHVKDYHGHPRQVWUDWHGWKDWWKHIURQWR
WHPSRUROLPELF UHJLRQV DUH SULQFLSDOO\ DIIHFWHG LQ VFKL]RSKUHQLD 7KHVH
DEQRUPDOLWLHVSUREDEO\FRQVLVWRIGHYLDWLRQUHODWHGWRWKHYXOQHUDELOLW\DQG
SDWKRORJLFDOFKDQJHV LQDVVRFLDWLRQZLWKRYHUWSV\FKRVLV7RGLIIHUHQWLDOO\
HOXFLGDWH WKH PRUSKRORJLFDO FKDUDFWHULVWLFV XQGHUO\LQJ WKH YXOQHUDELOLW\
DQG SDWKRORJ\ RI VFKL]RSKUHQLDZHPDGH FURVVVHFWLRQDO FRPSDULVRQV RI
PDJQHWLFUHVRQDQFHLPDJLQJ05,EHWZHHQHVWDEOLVKHGVFKL]RSKUHQLDDQG
VFKL]RW\SDOGLVRUGHU ,&' D VFKL]RSKUHQLDVSHFWUXPGLVRUGHUZLWKRXW
ÀRULGSV\FKRWLFHSLVRGH
0HWKRGV +LJKUHVROXWLRQ 05 LPDJHV ZHUH REWDLQHG LQ SDWLHQWV ZLWK
VFKL]RW\SDO GLVRUGHU SDWLHQWV ZLWK VFKL]RSKUHQLD DQG KHDOWK\ FRQWUROV
%UDLQ PRUSKRORJ\ ZDV FRPSDUHG E\ XVLQJ YR[HOEDVHG PRUSKRPHWU\
9%0 DV ZHOO DV YROXPHWULF UHJLRQV RI LQWHUHVW 52, DQDO\VHV RI WKH
PHGLDOWHPSRUDODQGIURQWDOUHJLRQV
5HVXOWV9%0UHYHDOHGWKDWVFKL]RW\SDOGLVRUGHUSDWLHQWVKDGOHVVJUD\PDW
WHULQWKHOHIWLQIHULRUIURQWDOLQVXODVXSHULRUWHPSRUDODQGPHGLDOWHPSRUDO
UHJLRQV FRPSDUHG WR FRQWUROV 6FKL]RSKUHQLD SDWLHQWV VKRZHGJUD\PDWWHU
UHGXFWLRQVLQWKHELODWHUDOPHGLDOIURQWDOLQIHULRUIURQWDOPHGLDOWHPSRUDO
DQG VHSWDO UHJLRQV DQG WKH OHIW PLGGOH IURQWDO RUELWRIURQWDO LQVXOD DQG
VXSHULRU WHPSRUDO UHJLRQV9ROXPHWULF52,DQDO\VHVGHPRQVWUDWHG WKDW LQ
SDWLHQWVZLWK VFKL]RW\SDO GLVRUGHU YROXPHV RI WKH DP\JGDOD DQG KLSSRF
DPSXVZHUH VLJQL¿FDQWO\ UHGXFHG FRPSDUHG WR WKRVH LQ FRQWUROVZKHUHDV
YROXPHVRI WKHIURQWDO OREHUHJLRQVSUHIURQWDODUHDSUHFHQWUDOJ\UXVDQG
DQWHULRUFLQJXODWHJ\UXVZHUHSUHVHUYHG,QFRQWUDVWVFKL]RSKUHQLDSDWLHQWV
KDGVLJQL¿FDQWYROXPHUHGXFWLRQVLQJUD\PDWWHURIWKHELODWHUDOSUHIURQWDO
DUHDVSUHFHQWUDOJ\ULDQGDQWHULRUFLQJXODWHJ\ULDVZHOODVLQWKHDP\JGDOD
DQGKLSSRFDPSXV9ROXPHRIWKHSDUDKLSSRFDPSDOJ\UXVZDVQRWFKDQJHG
LQHLWKHUJURXS
&RQFOXVLRQV7KHVHUHVXOWVVXJJHVWWKDWPDLQO\WKHWHPSRUDOOREHFKDQJHV
PD\XQGHUOLH WKHYXOQHUDELOLW\ WR VFKL]RSKUHQLDDQGDGGLWLRQDO FKDQJHV LQ
WKHIURQWDOOREHVPD\EHDVVRFLDWHGZLWKWKHGHYHORSPHQWRIIUDQNSV\FKRWLF
V\PSWRPV3RVVLEOHGLIIHUHQWLDOFRQWULEXWLRQVRIIURQWDODQGWHPSRUROLPELF
SDWKRORJ\WRWKHPHFKDQLVPVRISV\FKRVLVSURYLGHDIUDPHZRUNIRUIXUWKHU
VWXGLHVLQYHVWLJDWLQJWKHSDWKRJHQHVLVRIVFKL]RSKUHQLD
6
6WUXFWXUDO,PDJLQJLQ)LUVW'HJUHH5HODWLYHVRI6FKL]RSKUHQLF
3DWLHQWV&DQZH,GHQWLI\D6XLWDEOH(QGRSKHQRW\SH"
3HWHU)DONDL
'HSDUWPHQWRI3V\FKLDWU\6DDUODQG8QLYHUVLW\+RVSLWDO*HUPDQ\
2EMHFWLYHV5HFHQWO\ WKH¿UVW ULVNJHQHVIRUVFKL]RSKUHQLDG\VELQGLQDQG
QHXUHJXOLQZHUHGHVFULEHG)XUWKHUULVNJHQHVZLOOEHLGHQWL¿HGLQWKHFRP
LQJPRQWKVDQG\HDUVZKLFKZLOOLQHYLWDEO\KHOSWRFRQQHFWWKHQHXURELRORJL
FDO¿QGLQJV LQVFKL]RSKUHQLDZLWK LWV UHOHYDQWPROHFXODUEDVLV$ORQJ WKLV
VHDUFKLWEHFDPHFOHDUWKDWWKHFOLQLFDOO\GHWHUPLQHGGLDJQRVWLFVXEW\SHVRI
VFKL]RSKUHQLDDQGDIIHFWLYHGLVRUGHUVDUHQRWKHOSIXOLQWKHVHDUFKIRUWKHLU
PROHFXODUEDVLV7KHVRFDOOHGHQGRSKHQRW\SHLVDQDOWHUQDWLYHZD\RILGHQWL
I\LQJPDUNHUVFRQQHFWHGWRWKHPROHFXODUEDVHVRIVFKL]RSKUHQLD7KHUHIRUH
ZHGLGDODUJHVFDOHVWXG\XVLQJVWUXFWXUDOLPDJLQJRQIDPLOLHVDIIHFWHGZLWK
VFKL]RSKUHQLD
0HWKRGV05,VFDQVRIVFKL]RSKUHQLFVXEMHFWVLQ¿UVWGHJUHHUHODWLYHV
DQG FRQWUROVZHUH XVHG WR GHWHUPLQHZKROH EUDLQ YROXPH FRPSOHWH JUH\
ZKLWHDQG&6)YROXPHV OLQHDUPHDVXUHVRI FRUWLFDOGHYHORSPHQWKLSSRF
DPSDO YROXPHV DQG YROXPHV RI WKH FDSVXOD LQWHUQD DVZHOO DV WKH FRUSXV
FDOORVXP
5HVXOWV ,Q WKH VHDUFK IRU D VXLWDEOH HQGRSKHQRW\SH QRW WKH YROXPHWULF
SDUDPHWHUVEXWUDWKHUSDUDPHWHUVPLUURULQJFRUWLFDOVKDSHDQGGHYHORSPHQW
DVZHOODVSDUDPHWHUVIRUZKLWHPDWWHUWUDFWVPHWWKHFULWHULDRIDQHQGRSKH
QRW\SLFPDUNHU
&RQFOXVLRQV 7KH VHDUFK IRU D VXLWDEOH VWUXFWXUDO HQGRSKHQRW\SH RI
VFKL]RSKUHQLDLVDIUXLWIXOZD\WRFRQQHFWWKHQHXURELRORJLFDOSKHQRW\SHRI
VFKL]RSKUHQLDZLWKLWVPROHFXODUEDVLV/RRNLQJDWRXUGDWDLWLVLQWHUHVWLQJ
WRQRWHWKDWPRVWOLNHO\SDUDPHWHUVRIFRUWLFDOLVDWLRQDQG¿EUHWUDFWVEHDWWKH
FULWHULDRIDQ LQWHUPHGLDWHSKHQRW\SHRUHQGRSKHQRW\SH7KHVH UHVXOWVDUH
GLVFXVVHGRQWKHEDFNJURXQGRIWKHFXUUHQWO\GHVFULEHGULVNJHQHVQHXUHJX
OLQDQGG\VELQGLQHVSHFLDOO\DVQHXUHJXOLQLVLQYROYHGLQWKHPDLQWHQDQFH
RIWKHZKLWHPDWWHU
5HIHUHQFHV
)DONDL3+RQHU:*$OIWHU'6FKQHLGHU$[PDQQ7%XVVIHOG3&RUGHV-
%ODQN%6FK|QHOO+6WHLQPHW]+0DLHU:7HSHVW57KH7HPSRUDO
/REH LQ 0XOWLSOH DQG 8QLDIIHFWHG )DPLOLHV ZLWK 6FKL]RSKUHQLD 1HXUR
VFLHQFHV/HWWHUV
)DONDL36FKQHLGHU$[PDQQ7+RQHU:*9RJHOH\.6FKRQHOO+3IHLIIHU
86FKHUN+%ORFN:7UDEHU)6FKLOG++0DLHU:7HSHVW5,QÀX
HQFHRIJHQHWLFORDGLQJREVWHWULFFRPSOLFDWLRQVDQGSUHPRUELGDGMXVWPHQW
RQEUDLQPRUSKRORJ\ LQVFKL]RSKUHQLDD05,VWXG\(XU$UFK3V\FKLDWU\
&OLQ1HXURVFL
)DONDL 3 7HSHVW 5 +RQHU:* 'DQL ,$KOH * 3IHLIIHU 8 9RJHOH\ .
6FKXO]H 7 5LHWVFKHO 0 &RUGHV - 6FK|QHOO + *DHEHO : .KQ .8
0DLHU : 7UlEHU ) %ORFN : 6FKLOG ++ 6FKQHLGHU$[PDQQ 7 
6KDSH FKDQJHV LQ SUHIURQWDO EXW QRW SDULHWRRFFLSLWDO UHJLRQV EUDLQV RI
VFKL]RSKUHQLFSDWLHQWVFRPHFORVHUWRDFLUFOHLQFRURQDODQGVDJLWWDOYLHZ
3V\FKLDWU\5HVHDUFK1HXURLPDJLQJ
7HSHVW5:DQJ/0LOOHU0,)DONDL3&VHUQDQVN\-*+LSSRFDPSDO
GHIRUPLWLHV LQ WKHXQDIIHFWHGVLEOLQJVRIVFKL]RSKUHQLDVXEMHFWV%LRO3V\
FKLDWU\
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
([SORUDWRU\(\H0RYHPHQWVDVD9XOQHUDELOLW\0DUNHURI
6FKL]RSKUHQLD
(LVXNH0DWVXVKLPD
7RN\R0HGLFDO	'HQWDO8QLYHUVLW\-DSDQ
.D]XQDUL2VKLPD$WVXVKL,ZDZDNL0DNRWR+DQDPXUD
7DNX\D.RMLPD
2EMHFWLYHV)URPDVHULHVRIRXUH[SORUDWRU\H\HPRYHPHQWUHVHDUFKHVRQ
VFKL]RSKUHQLDZHKDYHFODUL¿HGWKDWWKHUHVSRQVLYHVHDUFKVFRUH566LQ
WKHH[SORUDWRU\H\HPRYHPHQW LQGLFDWRUVFDQEHDYXOQHUDELOLW\PDUNHURI
VFKL]RSKUHQLD7KLVVWXG\DLPHGWRLQYHVWLJDWHZKDWIHDWXUHRIVFKL]RSKUHQLD
WKHH[SORUDWRU\H\HPRYHPHQWVVKRZHGIURPDFOLQLFDOYLHZSRLQW
0HWKRGV ([SORUDWRU\ H\H PRYHPHQWV LQ  SDWLHQWV ZLWK VFKL]RSKUHQLD
ZHUHH[DPLQHGZKLOHWKH\ORRNHGDW6VKDSHG¿JXUHV0RUHRYHUWKHFOLQL
FDOV\PSWRPVRIWKHVDPHSDWLHQWVZHUHHYDOXDWHGE\DVKRUWHQHGLWHP
YHUVLRQRIWKH%RQQ6FDOHIRUWKH$VVHVVPHQWRI%DVLF6\PSWRPV%6$%6
FRQVLVWHG RI  FOXVWHUV .ORVWHUNRWWHU - HW DO %DVHG RQ WKHVHZH
H[DPLQHGWKHUHODWLRQVKLSEHWZHHQWKHH[SORUDWRU\H\HPRYHPHQWVDQGWKH
FOLQLFDOVFDOHSRLQWVLQ%6$%6
5HVXOWV 7KHUH ZHUH VLJQL¿FDQW UHODWLRQVKLSV EHWZHHQ WKH 566 DQG WKH
FOXVWHU  GLVRUGHUV RI HPRWLRQ DQG DIIHFW LQFOXGLQJ LPSDLUHG WKRXJKW
HQHUJ\FRQFHQWUDWLRQDQGPHPRU\DQGEHWZHHQWKH566DQGWKHFOXVWHU
LPSDLUHGWROHUDQFHWRQRUPDOVWUHVVLQWKHSDWLHQWVZLWKVFKL]RSKUHQLD
&RQFOXVLRQV7KHVHUHVXOWVVXJJHVWWKDWWKHUHVSRQVLYHVHDUFKVFRUH566
FRUUHODWHVZLWKQHJDWLYHEDVLFV\PSWRPVVKRZQLQVFKL]RSKUHQLD
5HIHUHQFHV
.RMLPD70DWVXVKLPD((\HVDQGWKHPLQG.DUJHU%DVHO
6
1R$EVWUDFW5HFHLYHG
7DGDR$ULQDPL
-DSDQ
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1HXURFRJQLWLYHDQG1HXURELRORJLFDO'HILFLWVLQ)LUVW
(SLVRGH6FKL]RSKUHQLF3DWLHQWV
6
1HXURFRJQLWLYHDQG1HXURELRORJLFDO'HILFLWVLQ)LUVW(SLVRGH
6FKL]RSKUHQLF3DWLHQWV
%LUWH<GLQJ*OHQWK¡M
&HQWHUIRU1HXURSV\FKLDWULF6FKL]RSKUHQLD5HVHDUFK'HSWRI
3V\FKLDWU\(8QLYHUVLW\RI&RSHQKDJHQ%LVSHEMHUJ+RVSLWDO
&RSHQKDJHQ19'HQPDUN
$QGUHDV*OHQWKRM(OEULFK-DJHUVPD$QQH.DWULQH3DJVEHUJ
5DOI3+HPPLQJVHQ&KDUORWWH9LGHE N&ODXV6YDUHU
:LOOLDP%DDUH
(IIHFWVRIW\SLFDODQGDW\SLFDODQWLSV\FKRWLFPHGLFDWLRQRQFDXGDWHQXFOHXV
YROXPHLQ¿UVWHSLVRGHVFKL]RSKUHQLFSDWLHQWV5HODWLRQWRGRSDPLQH'
UHFHSWRURFFXSDQF\SV\FKRSDWKRORJ\DQGH[WUDS\UDPLGDOVLGHHIIHFWV
2EMHFWLYHV &DXGDWH QXFOHXV HQODUJHPHQW KDV EHHQ FRQVLVWHQWO\ REVHUYHG
LQ VFKL]RSKUHQLF SDWLHQWV WUHDWHG ZLWK W\SLFDO DQWLSV\FKRWLFV ZKHUHDV WKH
UHVXOWVIROORZLQJWUHDWPHQWZLWKDW\SLFDOFRPSRXQGVDUHHTXLYRFDO7KHGLI
IHUHQWLDOUHVSRQVHVKDYHEHHQDVFULEHGWRGLIIHUHQFHVLQ'UHFHSWRUEORFN
DGH/RQJLWXGLQDOVWXGLHVGLUHFWO\FRPSDULQJWKHHIIHFWVRIVSHFL¿FW\SLFDO
DQGDW\SLFDODQWLSV\FKRWLFVRQFDXGDWHYROXPHLQWKHLQLWLDOWUHDWPHQWSKDVH
RI UDQGRPL]HG GUXJQDLYH SDWLHQWV DUH ODFNLQJ DQG VR DUH VWXGLHV UHODWLQJ
YROXPHFKDQJHVWR'UHFHSWRURFFXSDQF\+\SRWKHVHV%ULHIH[SRVXUHWR
DW\SLFDOEXWQRWDQDW\SLFDOFRPSRXQGOHDGVWRLQFUHDVHGFDXGDWHQXFOHXV
YROXPHLQGUXJQDLYH¿UVWHSLVRGHSDWLHQWV,QFUHDVHVDUHUHODWHGWR'
UHFHSWRURFFXSDQF\
0HWKRGV 1LQHWHHQ GUXJQDLYH ¿UVWHSLVRGH VFKL]RSKUHQLD SDWLHQWV ZHUH
UDQGRPO\DOORFDWHG WR WUHDWPHQWZLWKHLWKHU ORZGRVHVRI WKH W\SLFDOGUXJ
]XFORSHQWKL[RO RU WKH DW\SLFDO FRPSRXQG ULVSHULGRQH 63(&7 VFDQVZHUH
SHUIRUPHGXVLQJD7RPRPDWLFVFDQQHUDQGWKH''UHFHSWRU OLJDQG
,HSLGHSULGH2FFXSDQF\ZDVFDOFXODWHG IURPVFDQVRISDWLHQWVDIWHU
PRQWKVRIWUHDWPHQW&DXGDWHQXFOHXVZDVPDQXDOO\WUDFHGRQKLJKUHVROX
WLRQ05,VFDQV EHIRUH DQG DIWHU ZHHNV RI H[SRVXUH WRPHGLFDWLRQ E\
D VLQJOH UDWHUEOLQG WR VXEMHFW LGHQWL¿FDWLRQ WLPHRI VFDQDQGEUDLQKHPL
VSKHUH
5HVXOWV0HDQGDLO\GRVHRI]XFORSHQWKL[ROZDVPJGD\FRPSDUDEOH
WR KDORSHULGRO  PJGD\ DQG PHDQ GDLO\ GRVH RI ULVSHULGRQH ZDV 
PJGD\$ VLJQL¿FDQWPDLQ HIIHFW IRU7LPH )    S   DQG
7LPH[*URXSLQWHUDFWLRQ) SZDVHYLGHQWZLWKFDXGDWH
QXFOHXVYROXPHEHLQJODUJHUDWIROORZXSFRPSDUHGWREDVHOLQHRQO\LQWKH
]XFORSHQWKL[ROWUHDWHGJURXS'DWDRQFDXGDWH'UHFHSWRURFFXSDQF\ZLOO
EHSUHVHQWHGDWWKHPHHWLQJ1RGLIIHUHQFHVZHUHREVHUYHGEHWZHHQJURXSV
LQH[WUDVWULDWDODUHDV
&RQFOXVLRQV7KHPDLQ¿QGLQJZDVWKHGHPRQVWUDWLRQRIFKDQJHVLQFDXGDWH
QXFOHXVYROXPHLQGUXJQDLYH¿UVWHSLVRGHVFKL]RSKUHQLDSDWLHQWVDIWHURQO\
WKUHHPRQWKVRIWUHDWPHQWZLWKORZGRVHVRIWKHW\SLFDODQWLSV\FKRWLFFRP
SRXQG]XFORSHQWKL[ROZKHUHDVQRYROXPHFKDQJHZDVIRXQGDIWHUWUHDWPHQW
ZLWKWKHDW\SLFDOGUXJULVSHULGRQH7KHUHODWLRQRIYROXPHFKDQJHVIROORZ
LQJDQWLSV\FKRWLF WUHDWPHQW WR'UHFHSWRURFFXSDQF\ LVFXUUHQWO\EHLQJ
LQYHVWLJDWHGDQGZLOOEHSUHVHQWHGDWWKHPHHWLQJ
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(IIHFWVRI$QWLSV\FKRWLFVLQ)LUVW(SLVRGH3V\FKRVLV
,QYHVWLJDWHGZLWKI05,
7RQPR\6KDUPD
&OLQLFDO1HXURVFLHQFH5HVHDUFK&HQWUH8.
$QLO.XPDU9HHQD.XPDUL
2EMHFWLYHV:HVRXJKWWRGHWHUPLQHZKHWKHUDEQRUPDOSDWWHUQVRIFHUHEUDO
DFWLYDWLRQSUHYLRXVO\UHSRUWHGLQFKURQLFVFKL]RSKUHQLDDUHDOVRSUHVHQWLQ
WKH¿UVWHSLVRGH6WXG\DQGH[DPLQHWKHHIIHFWVRIWUHDWPHQWZLWK=LSUDVL
GRQH6WXG\
0HWKRGV )XQFWLRQDO PDJQHWLF UHVRQDQFH LPDJLQJ I05, ZDV XVHG WR
FRPSDUHEUDLQIXQFWLRQLQ¿UVWHSLVRGHDQGFKURQLFVFKL]RSKUHQLDGXULQJD
ZRUNLQJPHPRU\WKHWZREDFNWDVNLQ6WXG\6L[PDOHULJKWKDQGHG¿UVW
HSLVRGHVFKL]RSKUHQLFSDWLHQWVZHUHPDWFKHGWRFKURQLFSDWLHQWVRQ3$166
VXEV\QGURPHVFRUHVDQGPHDQGDLO\GRVHRIFKORUSURPD]LQHHTXLYDOHQWV
7ZR ¿UVW HSLVRGH SDWLHQWV ZHUH DQWLSV\FKRWLFIUHH DQG DOO RWKHU SDWLHQWV
ZHUH UHFHLYLQJ FRQYHQWLRQDO DQWLSV\FKRWLFV 7ZR DJHPDWFKHG FRQWURO
JURXSVZHUHXVHG7KHUHZDVQRVLJQL¿FDQWGLIIHUHQFHEHWZHHQDQ\RI WKH
IRXUJURXSVRQHVWLPDWHGSUHPRUELG,4$OOVXEMHFWVXQGHUZHQWI05,ZKLOH
SHUIRUPLQJDZRUNLQJPHPRU\WDVNLQFRUSRUDWLQJDSHULRGLFGHVLJQ,QWKH
VHFRQGVWXG\SDWLHQWVZLWK¿UVWHSLVRGHVFKL]RSKUHQLDZHUHVFDQQHGXV
LQJ D SDUDPHWULF EDFN RQHEDFN DQG WZREDFN ZRUNLQJPHPRU\ WDVN
EHIRUHDQGDIWHUWUHDWPHQWZLWK=LSUDVLGRQH
5HVXOWV:KHQ FRPSDUHG WR FRQWUROV ERWK ¿UVW HSLVRGH DQG FKURQLF SD
WLHQWVVKRZHGHYLGHQFHRIDWWHQXDWHGDFWLYDWLRQDW ULJKWSUHIURQWDOFRUWH[
SUHFHQWUDOJ\ULDQGSRVWHULRUSDULHWDOFRUWH[ELODWHUDOO\%RWK¿UVWHSLVRGH
DQG FKURQLF SDWLHQWV VKRZHGPRUH DFWLYDWLRQ WKDQ FRQWUROV DW OHIW FXQHXV
=LSUDVLGRQH WUHDWPHQW VKRZHG LPSURYHPHQW ZLWKLQ WKH ZRUNLQJ PHPRU\
QHWZRUNRIIURQWDODQGSDULHWDODUHDVLQWKLVFRKRUW
&RQFOXVLRQV'XULQJWKHSHUIRUPDQFHRIDZRUNLQJPHPRU\WDVNQHWZRUN
ZLGHDEQRUPDOLWLHVDUHDOUHDG\SUHVHQWLQ¿UVWHSLVRGHVFKL]RSKUHQLD7KHVH
DEQRUPDOLWLHV DUH QRW GXH WR FKURQLFLW\ RI WKH GLVRUGHU RU WKH ORQJWHUP
HIIHFWV RI DQWLSV\FKRWLF PHGLFDWLRQ )LUVW HSLVRGH SDWLHQWV WUHDWHG ZLWK
=LSUDVLGRQHVKRZLPSURYHPHQWLQDUHDVUHODWHGWRZRUNLQJPHPRU\
5HIHUHQFHV
+RQH\*' 'LIIHUHQFHV LQ IURQWDO FRUWLFDO DFWLYDWLRQ E\ DZRUNLQJ
PHPRU\WDVNDIWHUVXEVWLWXWLRQRIULVSHULGRQHIRUW\SLFDODQWLSV\FKRWLFGUXJV
LQSDWLHQWVZLWKVFKL]RSKUHQLD3URF1DWO$FDG6FL86$1RY

6KDUPD7&KDUDFWHULVLQJFRJQLWLYHLPSDLUPHQWLQVFKL]RSKUHQLD7KH
/DQFHW1HXURORJ\-DQ9RO
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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6WULDWDODQG7KDODPLF$EQRUPDOLWLHVLQ)LUVW(SLVRGH
6FKL]RSKUHQLD
9HHQD.XPDUL
,QVWLWXWHRI3V\FKLDWU\/RQGRQ8.
$QLO.XPDU,QJULG$VVHQ0DUWLQD0LWWHUVFKLIIWKDOHU
7RQPR\6KDUPD
2EMHFWLYHV7RLQYHVWLJDWHVWULDWDODQGWKDODPLFIXQFWLRQVXVLQJIXQFWLRQDO
PDJQHWLFUHVRQDQFHLPDJLQJI05,LQDJURXSRI¿UVWHSLVRGHSDWLHQWVZLWK
QRRUPLQLPXPH[SRVXUHWRDQWLSV\FKRWLFPHGLFDWLRQFRPSDUHGWKHUHVXOW
DQWSDWWHUQRIEUDLQDFWLYLW\WRWKDWVHHQLQDJURXSRIDJHDQGVH[PDWFKHG
KHDOWK\VXEMHFWV
0HWKRGV$OOVXEMHFWVXQGHUZHQWI05,GXULQJSHUIRUPDQFHRQDUHODWLYHO\
VLPSOHQRQYHUEDOSURFHGXUDOOHDUQLQJVHTXHQFHOHDUQLQJWDVN6WULDWDODQG
WKDODPLFUHJLRQVDUHNQRZQWRKDYHLPSRUWDQWUROHVLQSURFHGXUDOOHDUQLQJ
DW\SHRIUXOHEDVHGOHDUQLQJLQZKLFKSHUIRUPDQFHIDFLOLWDWLRQRFFXUVZLWK
SUDFWLFH RQ WDVNZLWKRXW WKH QHHG IRU FRQVFLRXV DZDUHQHVV 3DWLHQWVZLWK
VFKL]RSKUHQLD KDYH RIWHQ EHHQ IRXQG WR VKRZ LPSDLUHG SURFHGXUDO OHDUQ
LQJ:HSUHYLRXVO\GHPRQVWUDWHG VWULDWRWKDODPLFG\VIXQFWLRQXVLQJ I05,
DQGWKHVDPHSURFHGXUDOOHDUQLQJWDVNLQDJURXSRIFKURQLFVFKL]RSKUHQLD
SDWLHQWV.XPDULHWDO
5HVXOWV2XU UHVXOWV FRQ¿UPHG LQYROYHPHQW RI WKH VWULDWXP DQG WKDODPLF
UHJLRQVLQSURFHGXUDOOHDUQLQJLQKHDOWK\VXEMHFWVDQGUHYHDOHGHYLGHQFHIRU
VWULDWDODQGWKDODPLFG\VIXQFWLRQLQ¿UVWHSLVRGHVFKL]RSKUHQLDSDWLHQWV
&RQFOXVLRQV6WULDWDODQGWKDODPLFDEQRUPDOLWLHVDUHDOUHDG\SUHVHQWDWWKH
¿UVWHSLVRGHLQVFKL]RSKUHQLD
5HIHUHQFHV
.XPDUL9*UD\-$+RQH\*'HWDO3URFHGXUDOOHDUQLQJLQVFKL]RSKUHQLD
$ IXQFWLRQDO PDJQHWLF UHVRQDQFH LQYHVWLJDWLRQ 6FKL]RSKUHQLD 5HVHDUFK

6
7KH,PSDFWRI,QYDULDQWDQG&KDQJHDEOH$VSHFWVRI)DFLDO
6WUXFWXUHRQ)DFLDO5HFRJQLWLRQLQ)LUVWDQG1RQ)LUVW
(SLVRGH3DWLHQWVZLWK6FKL]RSKUHQLD
%HWWLQD6¡KROP
&HQWHUIRU1HXURSV\FKLDWULF6FKL]RSKUHQLD5HVHDUFK8QLYHUVLW\
RI&RSHQKDJHQ'HSDUWPHQWRI3V\FKLDWU\(%LVSHEMHUJ+RVSLWDO
&RSHQKDJHQ19'HQPDUN
5XEHQ&*XU+HQULN/XEOLQ%LUWH<GLQJ*OHQWK¡M
2EMHFWLYHV 6FKL]RSKUHQLF SDWLHQWV H[KLELW IDFLDO SURFHVVLQJ GH¿FLWV WKDW
OLNHO\FRQWULEXWHWRWKHLUVRFLDOIXQFWLRQLQJ+RZHYHUWKHVSHFL¿FQDWXUHRI
IDFLDOSURFHVVLQJGH¿FLWVLVXQFOHDU7KHDELOLW\WRJOHDQVRFLDOPHDQLQJIURP
IDFLDOGLVSOD\VUHTXLUHVLQWHJUDWLRQRIFKDQJHDEOHIDFLDODVSHFWVHPRWLRQDO
H[SUHVVLRQ ZLWK LQYDULDQW LGHQWLW\ IHDWXUHV RI IDFLDO FRQ¿JXUDWLRQ 7KH
VWXG\ZDVGHVLJQHGWRWHVWWKHK\SRWKHVLVWKDWSHRSOHZLWKVFKL]RSKUHQLDDUH
LPSDLUHGVSHFL¿FDOO\LQSURFHVVLQJYDULDQWIDFLDOIHDWXUHV
0HWKRGV :H FRQVWUXFWHG D WHVW RI IDFLDO LGHQWLW\ UHFRJQLWLRQ 3,&$)
3URFHVVLQJRI,QYDULDQWDQG&KDQJHDEOH$VSHFWVRI)DFHVPRGHOOHGRQWKH
%HQWRQ7HVWRI)DFLDO5HFRJQLWLRQ%HQWRQHWDO:HXVHGVWDQGDUG
L]HGEODFNDQGZKLWHVWUDLJKWDQJOHSKRWRJUDSKVIURPDSRRORISKRWR
JUDSKVRI&DXFDVLDQDFWRUVH[KLELWLQJKDSS\VDGDQGQHXWUDOIDFHV(UZLQHW
DO7HVWLWHPVFRQVLVWHGRIDWDUJHWSKRWRJUDSKDQGVL[RWKHUVDUUDQJHG
LQDQRQGHOD\HGPDWFKWRVDPSOHGHVLJQ,QYDULDQWSURFHVVLQJZDVDVVHVVHG
E\DWDVNRIPDWFKLQJLGHQWLFDOLQYHUWHGRUXSULJKWIURQWDOYLHZSKRWRJUDSKV
DQGYDULDQWSURFHVVLQJZDVPHDVXUHGE\PDWFKLQJVDPHLGHQWLWLHVGHSLFWLQJ
YDU\LQJLQWHQVLWLHVRIKDSS\VDGRUQHXWUDOIDFLDOH[SUHVVLRQV3,&$)ZDV
SUHWHVWHG LQKHDOWK\SDUWLFLSDQWV LQRUGHU WRGHYHORS WDVNVHTXDWHG IRU
SV\FKRPHWULFSRZHU&KDSPDQDQG&KDSPDQ7KH3,&$)ZDVWKHQ
DGPLQLVWHUHG WR  SDWLHQWV PHQ  ZRPHQPHDQ DJH 6' 
\HDUVZLWKVFKL]RSKUHQLD,&')DQGKHDOWK\FRQWUROV
5HVXOWV3DWLHQWVSHUIRUPHGZRUVHRQWKHYDULDQWWDVNFRPSDUHGWRWKHLQ
YDULDQWWDVNS ZKLOHWKLVGLIIHUHQFHZDVQRWVLJQL¿FDQWIRUFRQWUROV
3DWLHQWVZLWK VFKL]RSKUHQLD SHUIRUPHGZRUVH WKDQ FRQWUROV RQ WKH YDULDQW
FRQGLWLRQ S  EXW WKHUH ZHUH QR VLJQL¿FDQW GLIIHUHQFHV EHWZHHQ
JURXSVRQWKHLQYDULDQWWDVN1HZGDWDIURPGUXJQDwYH¿UVWHSLVRGHSDWLHQWV
DUHSUHVHQWHGDWWKHPHHWLQJ
&RQFOXVLRQV7KH¿QGLQJVVXSSRUWWKHQRWLRQWKDWGH¿FLWVLQIDFLDOSURFHVV
LQJLQVFKL]RSKUHQLDUHÀHFWGLI¿FXOWLHV LQ WKHFRSURFHVVLQJRIFKDQJHDEOH
DQG LQYDULDQW IDFLDO IHDWXUHV 6XFK GLI¿FXOWLHV OLNHO\ LPSDLU WKH DELOLW\ WR
NHHS VWDEOH LPSUHVVLRQV RI IDFLDO LGHQWLW\ )XWXUH VWXGLHVPD\ IXUWKHU HV
WDEOLVKWKHVSHFL¿FLW\RIGH¿FLWVE\LQFRUSRUDWLQJIDFLDOKRUL]RQWDOURWDWLRQ
6XFKHIIRUWVPD\KHOSUH¿QHK\SRWKHVHVRQWKHQHXUDOV\VWHPVXQGHUO\LQJ
IDFHSURFHVVLQJGH¿FLWVLQVFKL]RSKUHQLD
5HIHUHQFHV
(UZLQ5-*XU5&*XU5(6NROQLFN%0DZKLQQH\+HH06PDLOLV-)D
FLDO(PRWLRQ'LVFULPLQDWLRQ7DVN&RQVWUXFWLRQDQGEHKDYLRUDO)LQGLQJV
LQQRUPDOVXEMHFWV3V\FKLDWU\5HV
6
1HXURLQIODPPDWLRQDQG&RJQLWLYH'HFOLQHLQ'HPHQWLDDQG
6FKL]RSKUHQLD
6
,QIODPPDWLRQDQG,PPXQH$FWLYDWLRQLQ6FKL]RSKUHQLD
1RUEHUW0OOHU
+RVSLWDOIRU3V\FKLDWU\DQG3V\FKRWKHUDS\/XGZLJ0D[LPLOLDQV
8QLYHUVLW\0XQLFK*HUPDQ\
0LFKDHO5LHGHO0DUNXV-6FKZDU]
0RGHUQLPPXQRORJLFDOPHWKRGVDQGQHZLQVLJKWVLQWRWKHKLJKO\GHYHORSHG
DQG IXQFWLRQDOO\ GLIIHUHQWLDWHG LPPXQH V\VWHP DOORZ DQ LQWHJUDWLYH YLHZ
RI LPPXQRORJLFDO DEQRUPDOLWLHV LQ PDMRU SV\FKRVHV 5HFHQW DGYDQFHV LQ
LPPXQRORJLFDO UHVHDUFK UHJDUGLQJ WKH GLIIHUHQWLDWLRQ EHWZHHQ WKH W\SH
DQG W\SH LPPXQH UHVSRQVH DQG WKH VSHFL¿F DQG XQVSHFL¿F DUPV RI WKH
LPPXQH V\VWHP DUH GLVFXVVHG 7KH XQVSHFL¿F ³LQQDWH´ LPPXQH V\VWHP
VKRZVVLJQVRIDQRYHUDFWLYDWLRQ LQXQPHGLFDWHGVFKL]RSKUHQLFSDWLHQWV
,QFUHDVHGOHYHOVRI,QWHUOHXNLQ,/DQGWKHDFWLYDWLRQRIWKH,/V\VWHP
LQVFKL]RSKUHQLDPLJKWEHWKHUHVXOWRIWKHDFWLYDWLRQRIW\SH±PRQRF\WHV
PDFURSKDJHV WRR ,Q FRQWUDU\ VHYHUDO SDUDPHWHUV RI WKH VSHFL¿F FHOOXODU
LPPXQH V\VWHP DUH EOXQWHG HJ WKH GHFUHDVHG W\SH UHODWHG LPPXQH
SDUDPHWHUV LQ VFKL]RSKUHQLFSDWLHQWV ERWK LQYLWUR DQG LQYLYR7KLV LV LQ
OLQHZLWKDQ LPPXQRJHQHWLFGHIHFW LQ WKHSURFHVVRIDQWLJHQSUHVHQWDWLRQ
DQGPDFURSKDJHDFWLYDWLRQ$W\SHW\SHLPEDODQFHZLWKDVKLIWWRWKH
W\SHLPPXQHUHVSRQVHLVDVVRFLDWHGZLWKVFKL]RSKUHQLD7KHUHDUHLQGLFD
WLRQVWKDWWKHW\SHW\SHLPEDODQFHLVUHÀHFWHGLQGLIIHUHQWLDODFWLYDWLRQ
RIDVWURF\WHVDQGPLFURJOLDOFHOOVLQWKH&16ZKLFKLVDVVRFLDWHGZLWKDGLI
IHUHQWDFWLYDWLRQRIWKHWU\SWRSKDQN\QXUHQLQHPHWDEROLVP'XULQJWKHUDS\
ZLWK DQWLSV\FKRWLFV WKH VSHFL¿F W\SH UHODWHG LPPXQH DQVZHU EHFRPHV
DFWLYDWHGEXWDOVRWKH%FHOOV\VWHPDQGWKHDQWLERG\SURGXFWLRQ(VSHFLDOO\
DW\SLFDODQWLSV\FKRWLFVVXFKDVFOR]DSLQHKDYHDVWURQJLPPXQRPRGXODWRU\
HIIHFW2QWKHRWKHUKDQG&2;LQKLELWRUVKDYHDGYDQWDJRXVWKHUDSHXWLF
HIIHFWVLQVFKL]RSKUHQLDDQGLQGHSUHVVLRQ
6
0LFURJOLDLQ3V\FKLDWULF'LVHDVH
5LFKDUG%%DQDWL
8QLYHUVLW\RI6\GQH\6FKRRORI0HGLFDO5DGLDWLRQ6FLHQFHV
5DPDFLRWWL&HQWUHIRU%UDLQ,PDJLQJ$XVWUDOLD
2EMHFWLYHV 7KH DFWLYDWLRQ RIPLFURJOLD LV DQ HDUO\ UHVSRQVH WR QHXURQDO
GDPDJH HYHQ LQ WKH DEVHQFHRI QHXURQDO FHOO GHDWK7KH WUDQVLWLRQRIPL
FURJOLDIURPWKHQRUPDOUHVWLQJWRWKHDFWLYDWHGVWDWHLVDVVRFLDWHGZLWKDQ
LQFUHDVHG H[SUHVVLRQ RI µSHULSKHUDO EHQ]RGLD]HSLQH ELQGLQJ VLWHV¶ 3%%6
>$@7KXVWKHXSUHJXODWLRQRI3%%6LVDPHDVXUHRIGLVHDVHDFWLYLW\5
3.>%@LVDVSHFL¿FOLJDQGIRUWKH3%%6WKDWODEHOHGZLWKFDUERQ±
FDQEHXVHGIRUSRVLWURQHPLVVLRQWRPRJUDSK\3(7
0HWKRGV ,Q WKLV VWXG\ PLVPDWFK QHJDWLYLW\ 001 WR IUHTXHQF\ DQG
GXUDWLRQGHYLDQWVZDVUHFRUGHGLQSDWLHQWVZLWKVFKL]RSKUHQLFSV\FKRVLV
DQGZLWKRXW WDUGLYHG\VNLQHVLD*OLDO DFWLYDWLRQZDVPHDVXUHG LQ YLYRE\
>&@53. 3(7 DQG UHJLRQDO ELQGLQJ SRWHQWLDO %3 FDOFXODWHG DV
UHSRUWHGSUHYLRXVO\%DQDWL*OLD1RY5HYLHZ6WD
WLVWLFDODQDO\VLVRIWKHUHJLRQDO%3ZDVFDUULHGRXWXVLQJERWKXQLYDULDWHDQG
PXOWLYDULDWHWHVWLQJ8QLYDULDWHDQDO\VLV6WXGHQW7WHVWWRWHVWIRULQFUHDVH
LQ%3LQWKHGLVHDVHJURXS0XOWLYDULDWHDQDO\VLV3ULQFLSDO&RPSRQHQW3&
039#(/4)#¬$)3/2$%23¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
DQDO\VLVRIWKHFRYDULDQFHPDWUL[RIWKHRYHUDOOGDWDVHWFRQWUROVGLVHDVH
JURXSRI%3YDOXHV7KHFRQWULEXWLRQRIHDFKUHJLRQ WRDQHLJHQYHFWRU LV
ODEHOOHG DV WKH 3& UHJLRQDO ORDG ZKLOH WKH FRQWULEXWLRQ RI HDFK VXEMHFW
WR DQHLJHQYHFWRU LVGH¿QHGDV WKH3&VXEMHFW ORDG7KH VLJQL¿FDQFHRI D
UHJLRQVFRQWULEXWLRQ WR WKHDPRXQWRIYDULDQFHH[SODLQHGE\DQ LQGLYLGXDO
HLJHQYHFWRUZDVGHWHUPLQHGE\WKH³*DS´WHVW*URXSHIIHFWVRQHDFKSDWWHUQ
ZHUHWHVWHGE\DSSOLFDWLRQRIWKH6WXGHQWWWHVWWRWKH3&VXEMHFWORDGLQJV
6LPLODUO\3&VXEMHFWORDGLQJVZHUHXVHGWRGHWHFWFRUUHODWLRQRIHDFKSDW
WHUQZLWKFOLQLFDOVFRUHV/DWHUDOLW\RIWKHHIIHFWZDVWHVWHGZLWKWKHSDLUHG
+RWHOOLQJ7
&RQFOXVLRQV7KH LQ YLYRGHWHFWLRQRI LQFUHDVHG >&@53.ELQG
LQJLQVFKL]RSKUHQLFSV\FKRVLVLQGLFDWHVDWKHRFFXUUHQFHRIDORZJUDGH
PLFURJOLDO DFWLYDWLRQ ZKLFK  EHLQJ DQ HDUO\ HYHQW LQ QHXURGHJHQHUDWLYH
GLVHDVH±LQWXUQVXJJHVWVWKHSUHVHQFHRIDQDFWLYHWLVVXHSDWKRORJ\EWKDW
WKLVSURFHVVLVQRWQDUURZO\ORFDOL]HGWRRQHUHJLRQRIWKHEUDLQDQGFWKDW
KLJKHU>&@53.ELQGLQJLVDVVRFLDWHGZLWKPRUHVHYHUHO\LPSDLUHG
0017KHODWWHUPD\VXJJHVWWKDWLPSDLUHG001SURYLGHVDPHDVXUHUH
ÀHFWLQJWKHGLVHDVHVWDWHLHDFWLYHO\SURJUHVVLQJDQGWKHGHJUHHRIVXEWOH
RYHUDOOWLVVXHSDWKRORJ\UDWKHUWKDQLVDQDWRPLFDOORFDWLRQ
6
0RGXODWLRQRI1HXURLQIODPPDWLRQE\1RUHSLQHSKULQH
0LFKDHO7+HQHND
8QLYHUVLW\+RVSLWDO0QVWHU*HUPDQ\
2EMHFWLYHV$O]KHLPHUCVGLVHDVH$'LVFKDUDFWHUL]HGE\FKURQLFGHSRVLWLRQ
RI DP\ORLG EHWD SURWHLQV WDX K\SHUSKRVSKRU\ODWLRQ QHXULWLF GHJHQHUDWLRQ
DQGQHXURQDOORVV7KHVHQHXURGHJHQHUDWLYHSURFHVVHVDUHDFFRPSDQLHGE\
DQLQÀDPPDWRU\FRPSRQHQW LQYROYLQJDFWLYDWLRQRIPLFURJOLDODQGDVFWUR
F\WHV7KHSUHVHQWVWXG\LQYHVWLJDWHVZKHWKHUWKHHDUO\ORVVRIORFXVFHUXOHXV
/&QHXURQVDQGVXEVHTXHQWGHFUHDVHRIQRUHSLQHSKULQH1(OHYHOVLQLWV
SURMHFWLRQDUHDVWKHQHRFRUWH[DQGKLSSRFDPSXVIDFLOLWDWHVQHXURLQÀDPPD
WLRQLQWKHVHEUDLQUHJLRQVVLQFHQRUHSLQHSKULQHDFWVDVSRWHQWVXSSUHVVRURI
DVWURDQGPLFURJOLDOLQÀDPPDWLRQ
0HWKRGVPRQWKVROG$33WUDQVJHQLFPLFHDQGQRQWUDQVJHQLFFRQWUROV
ZHUHLQMHFWHGZLWK'63WRLQGXFH/&GHJHQHUDWLRQDQG1(GHSOHWLRQLQ/&
SURMHFWLRQDUHDV$WDQGPRQWKRIWKHH[SHULPHQWDVXEVHWRIDQLPDOV
ZDVVXEMHFWHGWR7HVODKLJKUHVROXWLRQPDJQHWLFUHVRQDQFHLPDJLQJDQG
PLFUR3(7DQDO\VLVRIFHUHEUDOPHWDEROLFUDWHRIJOXFRVH>)@)'*QHXURQDO
LQWHJULW\ÀXPD]HQLO>&@)0=DQG>&@03$DVDPHDVXUHRIDFHW\OFKOR
OLQHVWHUDVHDFWLYLW\$WPRQWKRIDJHDQLPDOVXQGHUZHQWRSHQ¿HOGHLJKW
DUPUDGLDOPD]HDQGSDUWQHUUHFRJQLWLRQWHVWVWRDVVHVVEHKDYLRXUOHDUQLQJ
DQGPHPRU\IXQFWLRQV$IWHUVDFUL¿FHLPPXQRKLVWRDQGELRFKHPLFDOGHWHU
PLQDWLRQRIDP\ORLGGHSRVLWLRQQHXURLQÀDPPDWLRQDQGQHXURGHJHQHUDWLRQ
ZDVSHUIRUPHG
5HVXOWV$W  PRQWKV JOLDO LQÀDPPDWRU\ PDUNHUV ZHUH HOHYDWHG DORQJ
ZLWK DQ LQFUHDVH RI WRWDO$ȕ$ȕSODTXH DUHD DQG VWDLQLQJ LQWHQVLW\ LQ/&
SURMHFWLRQ DUHDV LQ1(GHSOHWHG$33PLFH ,Q DGGLWLRQZKLOH QHXURQDO
FHOO GHDWKZDV QHDUO\ DEVHQW LQ LQWDFW$33 WUDQVJHQLFV DW PRQWK1(
GHSOHWLRQLQFUHDVHGQHXURQDOFHOOGHDWK,PSRUWDQWO\DQRQSURMHFWLRQDUHD
SDUDYHQWULFXODU WKDODPXV VKRZHG QR SDWKRORJLFDO FKDQJHV %HKDYLRUDO
WHVWVUHYHDOHGWKDW1(GHSOHWLRQLQFUHDVHGPHPRU\GH¿FLWVDQGFKDQJHVRI
RSHQ¿HOGEHKDYLRXULQ$33WUDQVJHQLFVVLJQL¿FDQWO\ZKHUHDVDJHPDWFKHG
QRQWUDQVJHQLFVZHUHQRWDIIHFWHG,QNHHSLQJZLWKWKHVH¿QGLQJVPLFUR3(7
VKRZHGDUHGXFHGUDWHRIWKHFHUHEUDOJOXFRVHPHWDEROLVPQHXURQDOLQWHJ
ULW\DQGDFHW\OFKOROLQHVWHUDVHDFWLYLW\LQUHVSRQVHWR/&GHJHQHUDWLRQ
&RQFOXVLRQV WKHVHGDWD VXJJHVW WKDW WKHGHJHQHUDWLRQRI/&DIIHFWVPRU
SKRORJ\ PHWDEROLVP DQG IXQFWLRQ RI DP\ORLG SODTXHFRQWDLQLQJ KLJKHU
EUDLQ UHJLRQV LQ$33 WUDQVJHQLFPLFH$V /& GHJHQHUDWLRQ LV DQ HDUO\
HYHQWLQ$'LWWKHUHIRUHPD\VXEVWDQWLDOO\FRQWULEXWHWRGLVHDVHGHYHORSPHQW
DQGSURJUHVVLRQ
6
7KH5ROHRI*OLDO$FWLYDWLRQDQG1HXURLQIODPPDWLRQLQ
'HPHQWLD
0LFKDHO+OO
8QLYHUVLW\RI)UHLEXUJ'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKR
WKHUDS\*HUPDQ\
2EMHFWLYHV ,Q $O]KHLPHU¶V GLVHDVH DFWLYDWLRQ RI PLFURJOLDO FHOOV DQ
HOHYDWHG H[SUHVVLRQ RI F\FORR[\JHQDVHV &2; WKH FUXFLDO HQ]\PH IRU
SURVWDJODQGLQSURGXFWLRQDQGDVWURJOLRVLVPD\IRUPDG\QDPLFFRPSRQHQW
RI WKH QHXURGHJHQHUDWLYH SURFHVV (VSHFLDOO\ WKH HSLGHPLRORJLFDO GDWD RQ
&2;LQKLELWRUVVXJJHVWV WKDWSURVWDJODQGLQSURGXFWLRQPD\DFFHOHUDWH WKH
RQVHWRIGHPHQWLD7KHUROHRISURVWDJODQGLQVPD\KRZHYHUGHSHQGRQWKH
VWDJHRIWKHGLVHDVH$IWHUFOLQLFDORQVHWRIGHPHQWLD&2;LQKLELWRUVKDYH
VRIDUIDLOHGWRSUHYHQWIXUWKHUFRJQLWLYHGHFOLQH:HLQYHVWLJDWHGZKHWKHU
JOLDO SURVWDJODQGLQ SURGXFWLRQ DQG &2;H[SUHVVLRQ LVPRGXODWHG E\$ȕ
SHSWLGHVRUQRUHSLQHSKULQH
0HWKRGV3ULPDU\PLFURJOLDORUDVWURJOLDOFHOOVIURPQHZERUQUDWVZHUHFXO
WXUHGDQGFKDOOHQJHGZLWK$ȕSHSWLGHVRUGLIIHUHQWDJRQLVWVRUDQWDJRQLVWVRI
QRUHSLQHSKULQHUHFHSWRU3URVWDJODQGLQSURGXFWLRQ&2;DQG&2;SUR
WHLQDQGP51$FRQFHQWUDWLRQZHUHGHWHUPLQHGZLWKELRFKHPLFDOPHWKRGV
5HVXOWV 3URVWDJODQGLQ SURGXFWLRQ LQ JOLDO FHOOVZDV VWLPXODWHG E\$ȕYLD
DFWLYDWLRQRISURWHLQNLQDVH&DQG&2;H[SUHVVLRQ1RUHSLQHSKULQHPDUN
HGO\SRWHQWLDWHGPLFURJOLDO&2;H[SUHVVLRQDQGSURVWDJODQGLQV\QWKHVLV
YLDDFWLYDWLRQRIEDQGEDGUHQRUHFHSWRUV
&RQFOXVLRQV*OLDODFWLYDWLRQDQGSURVWDJODQGLQSURGXFWLRQKDVEHHQVXJ
JHVWHG WR EH LQYROYHG LQ$O]KHLPHU¶V GLVHDVH DQG PRUH UHFHQWO\ DOVR LQ
VFKL]RSKUHQLD7KHSRWHQWPRGXODWLRQRIJOLDOSURVWDJODQGLQSURGXFWLRQE\
QRUHSLQHSKULQHVXJJHVWWKDWQRWRQO\&2;LQKLELWRUEXWDOVREUHFHSWRUDQ
WDJRQLVWLFHIIHFWVRI&16GUXJVPD\LQWHUIHUHZLWKWKLVDVSHFWRISV\FKLDWULF
GLVHDVHV
6
1HXURSV\FKRORJ\LQ6FKL]RSKUHQLDDQG0HGLFDWLRQ(IIHFWV
6
,PSDLUPHQWRI0HPRU\2UJDQL]DWLRQLQ6FKL]RSKUHQLD
0LH0DWVXL
7R\DPD0HGLFDO	3KDUPDFHXWLFDO8QLYHUVLW\-DSDQ
2EMHFWLYHV7KHSXUSRVHRIWKLV¿UVWSUHVHQWDWLRQZLOOEHDVHOHFWLYHUHYLHZ
RI UHFHQW ¿QGLQJV FRQFHUQLQJ QHXURSV\FKRORJLFDO SUR¿OH LQ SDWLHQWV ZLWK
VFKL]RSKUHQLD RU VFKL]RW\SDO SHUVRQDOLW\ GLVRUGHU 63' 6HFRQG ZHZLOO
LQWURGXFHRXUUHVXOWVFRQFHUQLQJVHPDQWLFPHPRU\DQGEUDLQLPDJLQJ
0HWKRGV 3DWLHQWV ZHUH DGPLQLVWHUHG D VWDQGDUG QHXURSV\FKRORJLFDO EDW
WHU\DVVHVVLQJODQJXDJHDELOLW\VSDWLDODELOLW\YLVXRPRWRUIXQFWLRQYHUEDO
PHPRU\YLVXDOPHPRU\DXGLWRU\DWWHQWLRQYLVXDODWWHQWLRQDQGH[HFXWLYH
IXQFWLRQ:HDGPLQLVWHUHGYHUEDOOHDUQLQJWHVWVWRU\PHPRU\WHVW
YHUEDOÀXHQF\WHVW0DNHDJXHVVWDVNRUVFULSWWDVN
5HVXOWV 3HUIRUPDQFH RQPRVW RI WKH FRJQLWLYH GRPDLQVZDV LPSDLUHG LQ
63'SDWLHQWVEXWWRDOHVVHUGHJUHHFRPSDUHGZLWKVFKL]RSKUHQLFSDWLHQWV
6SHFL¿FDOO\ WKH GHJUHH RI LPSDLUPHQW LQ YHUEDOPHPRU\ LQ 63'SDWLHQWV
ZDVFRPSDUDEOH WR WKDW LQVFKL]RSKUHQLFSDWLHQWVZKLOHVFKL]RSKUHQLFSD
WLHQWVSHUIRUPHGZRUVHRQWKHWHVWRIYLVXDODWWHQWLRQWKDQGLG63'SDWLHQWV
$V D UHVXOW  VFKL]RSKUHQLF SDWLHQWV VKRZHG IDLOXUH WR VSRQWDQHRXVO\
PDNHXVHRI WKH LPSOLFLW VHPDQWLF FDWHJRU\  SDWLHQWV SHUIRUPHGZRUVH
WKDQFRQWUROVRQWKHVFRUHRIWKHPDWLFVHTXHQFLQJVHPDQWLFVWUXFWXUHRI
SDWLHQWVZDVGLIIHUHQWIURPWKDWRIFRQWUROVLQDQLPDOFDWHJRU\SDWLHQWV
DVNHGIHZHU IXQFWLRQDORUFDWHJRULFDOTXHVWLRQVDQGPRUH UDQGRPRU LQHI
¿FLHQWTXHVWLRQVWKDQFRQWUROVZKHQWKH\PDGHDJXHVVRIREMHFWSDWLHQWV
FRPPLWWHGPRUHHUURUVRQMXGJLQJWKHHYHQWVWKDWVRPHWLPHVKDSSHQRQWKH
IUHTXHQF\MXGJPHQWWDVNRIRQHHYHU\GD\VLWXDWLRQ
&RQFOXVLRQV7KHSDWWHUQRIGH¿FLWVLQ63'SDWLHQWVZDVTXDOLWDWLYHO\VLPL
ODUWREXWPLOGHUWKDQWKDWVHHQLQVFKL]RSKUHQLFSDWLHQWV7KHVH¿QGLQJVVXJ
JHVWVFKHPDLQORQJWHUPPHPRU\LVGLIIHUHQWEHWZHHQSDWLHQWVDQGFRQWUROV
7KH UHVXOWVRIEUDLQ LPDJLQJ VWXGLHV VXJJHVW WKDWPHPRU\ LPSDLUPHQWV LQ
SDWLHQWVZLWKVFKL]RSKUHQLDPD\EHUHODWHGWRG\VIXQFWLRQLQERWKWKHIURQWDO
UHJLRQDQGWKHPHGLDOWHPSRUDODUHD
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
1HXURFRJQLWLYH'HILFLWVLQ6FKL]RSKUHQLD(QGRSKHQRW\SLF
0DUNHUVRI7DUJHWVIRU7UHDWPHQW
5DTXHO(*XU
86$
-'DQLHO5DJODQG0RQLFD&DONLQV5XEHQ&*XU
1HXURFRJQLWLYHGH¿FLWVKDYHEHHQDKDOOPDUNRISDWLHQWVZLWKVFKL]RSKUHQLD
7KH\ DUH HYLGHQW DW RQVHW RI LOOQHVV SULRU WR WKHUDSHXWLF LQWHUYHQWLRQ DQG
SHUVLVWGHVSLWHDPHOLRUDWLRQRIFOLQLFDOV\PSWRPV)XUWKHUPRUHWKH\UHODWH
WR IXQFWLRQLQJ DQG WR QHXURELRORJLFDO DEQRUPDOLWLHV HYLGHQW LQ QHXURDQD
WRPLF DQG QHXURSK\VLRORJLF LPDJLQJ VWXGLHV ,QLWLDO VWXGLHV LQGLFDWHG WKDW
WKHGH¿FLWVGRQRWDPHOLRUDWHZLWKWUHDWPHQWXVLQJ¿UVWJHQHUDWLRQDQWLSV\
FKRWLFDJHQWV7KHOLWHUDWXUHRQHIIHFWVRQWKHVHFRQGJHQHUDWLRQDJHQWVGRHV
VXJJHVW VRPH LPSURYHPHQW RQ VSHFL¿FPHDVXUHV EXW WKLV LV VWLOO XQFOHDU
2WKHUVWXGLHVLQGLFDWHWKDWWKHQHXURFRJQLWLYHGH¿FLWVFKDUDFWHUL]HQRWRQO\
SDWLHQWVZLWKVFKL]RSKUHQLDEXWDOVRXQDIIHFWHGPHPEHUVRIWKHIDPLO\7KLV
UDLVHWKHTXHVWLRQRIZKHWKHUWKHQHXURFRJQLWLYHGH¿FLWVDUHHQGRSKHQRW\SLF
PDUNHUVXQOLNHO\WREHDOWHUHGE\WUHDWPHQWRUZKHWKHUWKH\DUHVWDWHVHQVL
WLYHDQGKHQFHDQDSSURSULDWHWDUJHWIRULQWHUYHQWLRQ'DWDZLOOEHSUHVHQWHG
RQDVDPSOHRISDWLHQWVIROORZHGORQJLWXGLQDOO\DQGQHXURFRJQLWLYHSUR¿OH
ZLOOEHH[DPLQHGLQUHODWLRQWRV\PSWRPVDQGOHYHORIIXQFWLRQLQJ'DWDRQ
IDPLO\PHPEHUVIURPODUJHVFDOHFROODERUDWLYHVWXGLHVZLOOGHPRQVWUDWHWKH
KLJKKHULWDELOLW\RIPDQ\QHXURFRJQLWLYHPHDVXUHV:HZLOOSUHVHQWWKHDUJX
PHQWWKDWVSHFL¿FQHXURFRJQLWLYHGH¿FLWVFDQEHERWKKLJKO\KHULWDEOHDQG
UHVSRQVLYHWRWUHDWPHQW7KLVLVQRWSDUDGR[LFDOEHFDXVHWKHXQGHUO\LQJELR
ORJLFDOSURFHVVHVWKDWSURGXFHWKHGH¿FLWVFDQEHJHQHWLFDOO\PHGLDWHGDQG
\HWWKHSURGXFWWKDWLVPRVWSUR[LPDOWRWKHV\PSWRPVFDQEHDOWHUHGWKURXJK
LQWHUYHQWLRQ6XFKHIIHFWVH[LVWLQRWKHUGLVRUGHUVIRUH[DPSOHK\SHUFKROHV
WHUHPLDZKLFKKDVDJHQHWLFSUHGLVSRVLWLRQDQG\HWFDQEHDPHOLRUDWHGZLWK
PHGLFDWLRQVDQGHQYLURQPHQWDOPDQLSXODWLRQVVXFKDVGLHWDQGH[HUFLVH
6
&RJQLWLYH)XQFWLRQDQG:RUN2XWFRPHLQ6FKL]RSKUHQLD
<DVXKLUR.DQHGD
7RNXVKLPD8QLYHUVLW\+RVSLWDO-DSDQ
0\XQJ$/HH6RKHH3DUN.DUXQD-D\DWKLODNH
+HUEHUW<0HOW]HU
2EMHFWLYHV7KHUH LVJHQHUDO DJUHHPHQW WKDW FRJQLWLYH LPSDLUPHQW D FRUH
IHDWXUHRIVFKL]RSKUHQLDKDVDNH\LQÀXHQFHRQVRFLDOIXQFWLRQDQGZRUNLQ
VFKL]RSKUHQLD7KHDXWKRUV WHVWHGWKHK\SRWKHVHV WKDWVSHFL¿FW\SHVRI
FRJQLWLYHIXQFWLRQLQSDWLHQWVZLWKVFKL]RSKUHQLDRUVFKL]RDIIHFWLYHGLVRUGHU
ZRXOGEHDVVRFLDWHGZLWKZRUNVWDWXV
6WXG\  :RUN IXQFWLRQ DQG FRJQLWLYH DVVHVVPHQW GDWD ZHUH FROOHFWHG
UHWURVSHFWLYHO\ LQ  WUHDWPHQWUHVLVWDQW SDWLHQWV ZLWK VFKL]RSKUHQLD RU
VFKL]RDIIHFWLYHGLVRUGHU)RUW\VHYHQRISDWLHQWVZHUHXQHP
SOR\HGDWEDVHOLQHDPRQWKVSHULRGRIWKHSDWLHQWVDFKLHYHG
HPSOR\PHQW&RQWUROOLQJIRUWKHGXUDWLRQRIWKHLOOQHVVDQGEDVHOLQHVFRUHV
DQDQDO\VLVRIFRYDULDQFH$1&29$LQGLFDWHGWKHRQHDQGRQO\VLJQL¿FDQW
WLPHE\JURXS UHPDLQHGXQHPSOR\HGYVJDLQHGHPSOR\PHQW LQWHUDFWLRQ
IRU YHUEDO ZRUNLQJ PHPRU\ DV DVVHVVHG E\ WKH &RQVRQDQW 7ULJUDP 7HVW
>&77@VFRUH7KLVLQWHUDFWLRQZDVGXHWRVLJQL¿FDQWO\JUHDWHULPSURYH
PHQWLQWKHSDWLHQWVZKRJDLQHGHPSOR\PHQWFRPSDUHGZLWKWKRVHUHPDLQHG
XQHPSOR\HG ,Q DGGLWLRQ D ORJLVWLF UHJUHVVLRQ DQDO\VLV ZLWK D IRUZDUG
VWHSZLVH SURFHGXUH LQGLFDWHG WKDW WKH &77 VFRUH DW PRQWKV IROORZHG
E\WKH&77VFRUHDWEDVHOLQHDQGWKHGXUDWLRQRIWKHLOOQHVVZDVWKHVWURQJ
SUHGLFWRURIJDLQLQJHPSOR\PHQWLQGLFDWHG
6WXG\ :RUN IXQFWLRQ DQG FRJQLWLYH DVVHVVPHQW GDWDZHUH FROOHFWHG LQ
D VDPSOH RI  SDWLHQWV ZLWK VFKL]RSKUHQLD RU VFKL]RDIIHFWLYH GLVRUGHU
IURP WKH UHVHDUFK FOLQLF LQ1DVKYLOOH7KLUW\WZRRI   SDWLHQWV
ZHUHHPSOR\HG7KHDJHDQGDJHRIRQVHWRILOOQHVVZDVVLJQL¿FDQWO\OHVVLQ
HPSOR\HGSDWLHQWV&RPSDULVRQRIWKRVHHPSOR\HGDQGXQHPSOR\HGJURXSV
VKRZHGVLJQL¿FDQWO\EHWWHU&RQWLQXRXV3HUIRUPDQFH7HVW&37&776SD
WLDO:RUNLQJ0HPRU\7HVW6:07%ULHI3V\FKLDWULF5DWLQJ6FDOH%356
DQG3RVLWLYH VFRUHV LQ WKH HPSOR\HG JURXS$ ORJLVWLF UHJUHVVLRQ DQDO\VLV
ZLWK D IRUZDUG VWHSZLVH SURFHGXUH LQGLFDWHG WKDW WKH &77 VFRUHZDV WKH
VWURQJHVWSUHGLFWRURIHPSOR\PHQWVWDWXV
&RQFOXVLRQV $V SUHGLFDWHG QHXURFRJQLWLYH SHUIRUPDQFH SDUWLFXODUO\
ZRUNLQJPHPRU\ZDVPRUHLPSRUWDQWO\DVVRFLDWHGZLWKHPSOR\PHQWVWDWXV
WKDQFOLQLFDO V\PSWRPVZHUH7UHDWPHQW WKDWHQKDQFHVFRJQLWLYH IXQFWLRQ
HVSHFLDOO\ ZRUNLQJ PHPRU\ PD\ OHDG WR EHWWHU HPSOR\PHQW RXWFRPH LQ
SDWLHQWVZLWKVFKL]RSKUHQLDRUVFKL]RDIIHFWLYHGLVRUGHU
5HIHUHQFHV
*UHHQ0)HWDO 1HXURFRJQLWLYHGH¿FLWVDQGIXQFWLRQDORXWFRPH
LQ VFKL]RSKUHQLD DUHZHPHDVXULQJ WKH ÄULJKW VWXII³" 6FKL]RSKU%XOO 

.DQHGD< HW DO 'HWHUPLQDQWV RIZRUN RXWFRPH LQ QHXUROHSWLF
UHVLVWDQW VFKL]RSKUHQLD FRJQLWLYH LPSDLUPHQW DQG FOR]DSLQH WUHDWPHQW ,Q
;;,9WK&ROOHJLXP,QWHUQDWLRQDOH1HXUR3V\FKRSKDUPDFRORJLFXP&,13
&RQJUHVV3DULV
3HWHUVRQ/HWDO6KRUWWHUPUHWHQWLRQRILQGLYLGXDOYHUEDOLWHPV-
([S3V\FKRO
6
&RJQLWLRQ7UHDWPHQWDQG2XWFRPHLQ)LUVW(SLVRGH3V\FKRVLV
$VKRN0DOOD
0F*LOO8QLYHUVLW\&DQDGD
1RUPDQ5RVV/DXUHO7RZQVHQG5DKXO0DQFKDQGD
2EMHFWLYHV7KHRYHUDOOJRDOVRIWUHDWPHQWRIVFKL]RSKUHQLDDQGUHODWHGSV\
FKRWLFGLVRUGHUVDUHQRWRQO\WRUHGXFHWKHLPSDLUPHQWVDVVRFLDWHGZLWKWKH
LOOQHVVEXWDOVRWRLPSURYHIXQFWLRQLQJDQGTXDOLW\RIOLIH)XQFWLRQDORXW
FRPHDFKLHYHGHDUO\LQWKHFRXUVHRILOOQHVVLVKLJKO\SUHGLFWLYHRIORQJWHUP
RXWFRPH7KHREMHFWLYHRIWKLVSUHVHQWDWLRQLVWRH[SORUHWKHGHWHUPLQDQWVRI
IXQFWLRQDORXWFRPHDQGTXDOLW\RIOLIHLQDVDPSOHRI¿UVWHSLVRGHSV\FKRVLV
7KHVHPD\LQFOXGHDFRPELQDWLRQRIERWKPDOOHDEOH'83IRUH[DPSOHDQG
QRQPDOOHDEOHSUHPRUELGDGMXVWPHQWIRUH[DPSOHFKDUDFWHULVWLFV
0HWKRGV'DWDGHULYHGIURPDFRPPXQLW\VDPSOHRISDWLHQWVZLWKD¿UVWHS
LVRGHSV\FKRVLV)(3LQDGH¿QHGFDWFKPHQWDUHDWUHDWHGDQGIROORZHGXS
IRURQH\HDULQDFRPSUHKHQVLYHHDUO\LQWHUYHQWLRQSURJUDPDUHSUHVHQWHG
5HVXOWV ,Q WKLV SUHVHQWDWLRQ ZH ZLOO SUHVHQW GDWD WR VKRZ D WKDW )(3
SDWLHQWVVKRZUHODWLYHO\PRGHVWOHYHORIFRJQLWLYHG\VIXQFWLRQEIROORZ
LQJDSKDVHVSHFL¿FWUHDWPHQWFRPSULVHGRI ORZGRVHQRYHODQWLSV\FKRWLF
PHGLFDWLRQ DQG LQWHQVLYH SV\FKRVRFLDO WUHDWPHQW SURYLGHG LV DVVRFLDWHG
ZLWK VLJQL¿FDQW LPSURYHPHQW LQ PRVW EXW QRW DOO GRPDLQV RI FRJQLWLRQ
F'83ZRUNLQJPHPRU\ UHVLGXDO V\PSWRPV DQG DGKHUHQFH WRPHGLFD
WLRQ DUH VLJQL¿FDQW DQG LQGHSHQGHQW SUHGLFWRUV RI FRPPXQLW\ DQG VRFLDO
IXQFWLRQLQJDQGGDFRPSDULVRQRIWZRQRYHODQWLSV\FKRWLFVULVSHULGRQH
DQGRODQ]DSLQHLQSUHYLRXVO\GUXJQDwYH)(3SDWLHQWVVKRZVWKDWERWKDUH
DVVRFLDWHGZLWKJHQHUDOLPSURYHPHQWLQV\PSWRPVDQGFRJQLWLRQZLWKOLWWOH
RUQRGLIIHUHQFHLQRXWFRPHRQV\PSWRPVH[WUDS\UDPLGDOVLGHHIIHFWVDQG
FRJQLWLYHIXQFWLRQLQJ
&RQFOXVLRQV,WLVWKHUHIRUHFRQFOXGHGWKDWFRPSUHKHQVLYHWUHDWPHQWZLWK
ORZGRVHQRYHODQWLSV\FKRWLFPHGLFDWLRQV LQFRPELQDWLRQZLWKSKDVHVSH
FL¿FSV\FKRVRFLDOLQWHUYHQWLRQVGLUHFWHGDWLPSURYLQJSDWLHQW¶VDGKHUHQFHWR
WUHDWPHQWDQGLPSURYHPHQWRIVNLOOVSURYLGHGHDUO\IROORZLQJWKHRQVHWRI
SV\FKRVLVLVOLNHO\WRLPSURYHRXWFRPHIRUPDMRULW\RISDWLHQWVSUHVHQWLQJ
ZLWKD¿UVWHSLVRGHRISV\FKRVLV
5HIHUHQFHV
7RZQVHQG /$ 1RUPDQ 50* 0DOOD$. 5\FKOR$$KPHG 55 
&RJQLWLYHIXQFWLRQLQJIROORZLQJFRPSUHKHQVLYHWUHDWPHQWIRU¿UVWHSLVRGH
SDWLHQWV LQ VFKL]RSKUHQLD VSHFWUXP GLVRUGHUV 3V\FKLDWU\ 5HVHDUFK 

0DOOD$1RUPDQ50DQFKDQGD57RZQVHQG/6\PSWRPVFRJQL
WLRQDGKHUHQFHWRWUHDWPHQWDQGRQH\HDURXWFRPHLQ¿UVWHSLVRGHSV\FKRVLV
3V\FKRORJLFDO0HGLFLQH
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3KDUPDFRWKHUDS\WR,PSURYH0HPRU\DQG9HUEDO)XQFWLRQV
LQ6FKL]RSKUHQLD)URP%HQFKWR&OLQLF
7RPLNL6XPL\RVKL
7R\DPD0HGLFDODQG3KDUPDFHXWLFDO8QLYHUVLW\-DSDQ
.XUDFKL0DVD\RVKL+HUEHUW<0HOW]HU
2EMHFWLYHV1HXURFRJQLWLYHHQKDQFHPHQWLQVFKL]RSKUHQLDLVRQHRIWKHPD
MRUJRDOVRIFOLQLFDOSV\FKLDWULVWVDQGPHQWDOKHDOWKVHUYLFHDGPLQLVWUDWRUV
HVSHFLDOO\IURPWKHSHUVSHFWLYHRIVRFLDODQGZRUNRXWFRPHVLQLQGLYLGXDOV
ZLWKWKHLOOQHVV$PRQJWKHGRPDLQVRIFRJQLWLYHIXQFWLRQWKRVHUHODWHGWR
039#(/4)#¬$)3/2$%23¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
YHUEDOIXQFWLRQVLHYHUEDOPHPRU\DQGLWVRUJDQL]DWLRQZRUNLQJPHPRU\
DQGYHUEDOÀXHQF\KDYHEHHQVXJJHVWHGWRSUHGLFWWKHIXQFWLRQDORXWFRPHV
DQGTXDOLW\RIOLIHLQSDWLHQWVZLWKVFKL]RSKUHQLD7KHUHLVDVWURQJFRQVHQVXV
WKDWWKHQHZJHQHUDWLRQDQWLSV\FKRWLFGUXJVRUDW\SLFDODQWLSV\FKRWLFGUXJV
$$3'V VXFKDVFOR]DSLQHPHOSHURQHRODQ]DSLQH ULVSHULGRQHTXHWLDS
LQHDQG]LSUDVLGRQHKDYHEHQH¿FLDOLQÀXHQFHRQFRJQLWLRQLQVXEMHFWVZLWK
VFKL]RSKUHQLDVSHFWUXPGLVRUGHUV
0HWKRGV ,Q WKLV SUHVHQWDWLRQ ZH ZLOO LQWURGXFH RXU FXPXODWLYH ERG\
RI ZRUN UHJDUGLQJ  WKH EHQH¿FLDO HIIHFW RI DGMXQFWLYH WUHDWPHQW ZLWK
VHURWRQLQ+7$SDUWLDODJRQLVWVRQYHUEDOPHPRU\DQGPHPRU\RUJDQL]D
WLRQWKHDGYDQWDJHRIDQRYHO$$3'PHOSHURQHWRVHOHFWLYHO\LPSURYH
H[HFXWLYHIXQFWLRQIDFLOLWDWLYHLQÀXHQFHRIVRPH$$3'VRQRUJDQL]D
WLRQRIVHPDQWLFPHPRU\DVHYDOXDWHGE\WKH&DWHJRU\)OXHQF\7DVNDQG
ELRORJLFDOPDUNHUV WRSUHGLFW WKHDELOLW\RIFOR]DSLQH WKHSURWRW\SHRI
$$3'VWRHQKDQFHYHUEDOPHPRU\
5HVXOWV 7KHVH GDWD RYHUDOO LQGLFDWH WKDW DJHQWV PRGXODWLQJ VHURWRQHUJLF
QHXURWUDQVPLVVLRQVDUHRIYDOXHLQWUHDWLQJFRJQLWLYHGLVWXUEDQFHVLQSDWLHQWV
ZLWKVFKL]RSKUHQLD
&RQFOXVLRQV:HZLOODOVRSURYLGHIXUWKHUVXJJHVWLRQVIRUSKDUPDFRORJLFDO
PDQLSXODWLRQVWKDWPD\HQKDQFHVHYHUDOGRPDLQVRIFRJQLWLRQWKDWDUHLP
SDLUHGLQVFKL]RSKUHQLDHJWKHXVHRIDJRQLVWVDWWKH1PHWK\O'DVSDUDWH
10'$W\SH JOXWDPDWH UHFHSWRU E\ SUHVHQWLQJ HYLGHQFH IURPEDVLF DQG
FOLQLFDOVWXGLHV
5HIHUHQFHV
6XPL\RVKL7HWDO7KHHIIHFWRIWDQGRVSLURQHDVHURWRQLQ$DJRQLVW
RQPHPRU\IXQFWLRQLQVFKL]RSKUHQLD%LRORJLFDO3V\FKLDWU\
6XPL\RVKL7HWDO(QKDQFHPHQWRIFRJQLWLYHSHUIRUPDQFHLQVFKL]R
SKUHQLD E\ DGGLWLRQ RI WDQGRVSLURQH WR QHXUROHSWLF WUHDWPHQW $PHULFDQ
-RXUQDORI3V\FKLDWU\
6XPL\RVKL7HWDO7KHHIIHFWRIPHOSHURQHDQDW\SLFDODQWLSV\FKRWLF
GUXJ RQ FRJQLWLYH IXQFWLRQ LQ VFKL]RSKUHQLD6FKL]RSKUHQLD5HVHDUFK

6XPL\RVKL7HWDO3UHGLFWLRQRIFKDQJHVLQPHPRU\SHUIRUPDQFHE\
SODVPD
6
1RQ*HQHWLF'HWHUPLQDQWVLQ5LVNRI6FKL]RSKUHQLD
6
8QWDQJOLQJ*HVWDWLRQDO5LVN)DFWRUVIRU6FKL]RSKUHQLD
7KRPDV0F1HLO
/XQG8QLYHUVLW\+RVSLWDO6ZHGHQ
.DULQ0+HQULNVVRQ(UODQG6FKXEHUW
2EMHFWLYHV7KH SXUSRVH RI WKH FXUUHQW VWXG\ZDV WR LQYHVWLJDWHZKHWKHU
PRWKHUV¶ XQZDQWHG SUHJQDQF\ DFWLYHPHQWDO GLVWXUEDQFH µQRWDEOH¶ VPRN
LQJDQGH[SHULHQFHRIVWUHVVGXULQJSUHJQDQF\DUHHDFKDVVRFLDWHGZLWK
RIIVSULQJJHQHWLFULVNIRUVFKL]RSKUHQLDDQGDIIHFWLYHSV\FKRVLVWHQGWR
FRRFFXULQWKHVDPHLQGLYLGXDOPRWKHUVDQGDUHDVVRFLDWHGZLWKGHYHO
RSPHQWRIVFKL]RSKUHQLDVSHFWUXPGLVRUGHUVDQGDIIHFWLYHGLVRUGHUV LQ WKH
RIIVSULQJLQ\RXQJDGXOWKRRG
0HWKRGV 2IIVSULQJ DW KHLJKWHQHG JHQHWLF ULVN IRU VFKL]RSKUHQLD Q 
DQGDIIHFWLYHSV\FKRVLV Q DVZHOODVQRUPDOULVNIRUVXFKSV\FKRVHV
Q ZHUHVWXGLHGHDFKJURXSGH¿QHGE\SUHVHQFHYVDEVHQFHRIVXFKD
SV\FKRVLVKLVWRU\LQWKHPRWKHU7KHRIIVSULQJZHUHIROORZHGSURVSHFWLYHO\
EHJLQQLQJ ZLWK LQWHUYLHZV ZLWK WKH PRWKHUV GXULQJ SUHJQDQF\ DQG LQGH
SHQGHQWO\DQGEOLQGO\DVVHVVHGUHJDUGLQJRIIVSULQJPHQWDOKHDOWKLQ\RXQJ
DGXOWKRRG XVLQJ 6&,' LQWHUYLHZV DQG'60,,,5 FULWHULD  HIIHFWLYH
IROORZXSDWPHDQ\U
5HVXOWV 2IIVSULQJ DW JHQHWLF ULVN IRU SV\FKRVLV ZHUH PRUH IUHTXHQWO\
H[SRVHGWRRIWKHJHVWDWLRQDOULVNIDFWRUV8QZDQWHGSUHJQDQF\DFWLYH
PHQWDOGLVWXUEDQFHDQGH[SHULHQFHGVWUHVVWHQGHGWRFRRFFXULQWKHVDPH
LQGLYLGXDOPRWKHUVLQWKHWRWDOVDPSOHDQGWKHULVNJURXS8QZDQWHGSUHJ
QDQF\ZDVWKHVROHULVNIDFWRUSUHGLFWLQJRIIVSULQJVFKL]RSKUHQLDVSHFWUXP
LH VFKL]RSKUHQLD VFKL]RDIIHFWLYH SV\FKRVLV DQG &OXVWHU $ SHUVRQDOLW\
GLVRUGHULQDGXOWKRRGLQERWKWKHWRWDOVDPSOHS 25&,
 DQG WKH ULVNJURXS S 25&,
8QZDQWHG SUHJQDQF\ UHPDLQHG D SUHGLFWRU HYHQ ZLWKPRWKHUV¶ SV\FKRVLV
GLDJQRVLV FRQWUROOHG IRU DPRQJ ULVN FDVHV 8QZDQWHG SUHJQDQF\ZDV XQ
UHODWHG WRRIIVSULQJDIIHFWLYHGLVRUGHUZKLFK WHQGHG WREHDVVRFLDWHGZLWK
H[SHULHQFHGPDWHUQDOVWUHVV
&RQFOXVLRQV8QWDQJOLQJWKHHIIHFWVRIGLIIHUHQWHQYLURQPHQWDOJHVWDWLRQDO
ULVNIDFWRUVIRUVFKL]RSKUHQLDUHSUHVHQWVDVFLHQWL¿FFKDOOHQJHGXHWRWKHLU
DVVRFLDWLRQVZLWKJHQHWLFULVNDQGFRRFFXUUHQFHZLWKRQHDQRWKHU$PRQJ
WKHIRXUJHVWDWLRQDOULVNIDFWRUVVWXGLHGKHUHXQZDQWHGSUHJQDQF\DSSHDUHG
WR KDYH D SURPLQHQW UROH LQ LQFUHDVLQJ ULVN IRU RIIVSULQJ VFKL]RSKUHQLD
VSHFWUXPGLVRUGHU LQ\RXQJDGXOWKRRG FRQ¿UPLQJSUHYLRXV UHVHDUFK7KH
UROHRIVSHFL¿FHWLRORJLFDOLQÀXHQFHVQHHGVWREHHYDOXDWHGLQDPXOWLYDULDWH
FRQWH[WFORVHUWRWKHFRPSOH[LW\RIUHDOLW\6XSSRUWHGE\7KH6WDQOH\0HGL
FDO5HVHDUFK,QVWLWXWH
6
6HDVRQDO9DULDWLRQLQ%LUWK5DWHVDQG5HODWHG5LVN)DFWRUVLQ
6FKL]RSKUHQLD
*LXVHSSH%HUVDQL
'HSDUWPHQWRI3V\FKLDWULF6FLHQFHVDQG3V\FKRORJLFDO0HGLFLQH
8QLYHUVLW\³/D6DSLHQ]D´RI5RPH,WDO\
'3XFFL6*KHUDUGHOOL5&OHPHQWH*0DQXDOL-)2VERUQ
33DQFKHUL
2EMHFWLYHV 7KH JUHDWHU PDMRULW\ RI GDWD IURP WKH 1RUWKHUQ +HPLVSKHUH
FRXQWULHV VXSSRUWV DQ H[FHVV RI ZLQWHUVSULQJ ELUWKV RI VXEMHFWV DIIHFWHG
E\6FKL]RSKUHQLD LQDGXOWDJH6RPHIDFWRUVZHUHSURSRVHGDVSRWHQWLDOO\
DFFRXQWLQJ IRU VXFK VHDVRQRIELUWK HIIHFW VXFK DV LQFUHDVHG UDWH RI SUH
DQG SHULQDWDO EUDLQ GDPDJH FDXVHG E\ VHDVRQDOO\ YDU\LQJ IDFWRUV VXFK DV
LQIHFWLRXV GLVHDVHV QXWULWLRQDO GH¿FLHQFLHV RU KDELWV GXULQJ SUHJQDQF\
SUHQDWDO H[SRVXUH WR DOFRKRO REVWHWULF FRPSOLFDWLRQV 2&V 7KH DLP RI
WKLVVWXG\ZDVWRHYDOXDWHZKHWKHUWKHUHZHUHVHDVRQDOYDULDWLRQVRIELUWKV
DPRQJSDWLHQWVZLWK6FKL]RSKUHQLDDQGRWKHU3V\FKRWLF'LVRUGHUVLQ,WDOLDQ
SRSXODWLRQDQGZKHWKHUWKHUHZHUHGLIIHUHQFHVLQVHDVRQDOLQFLGHQFHRIRWKHU
SRWHQWLDOQRQJHQHWLFULVNIDFWRUVVXFKDV2&V
0HWKRGV%LUWKGDWHVRISDWLHQWVDGPLWWHGWRWKH3V\FKLDWULF&OLQLFRI
³/D6DSLHQ]D´8QLYHUVLW\LQ5RPHEHWZHHQDQGZLWKGLDJQRVLV
RI6FKL]RSKUHQLD2WKHU3V\FKRWLF'LVRUGHU23'DQG&OXVWHU$3HUVRQDO
LW\'LVRUGHU3'ZHUHDQDO\]HGE\FKLVTXDUHWHVWFRPSDUHGWRELUWKUDWHV
RI ,WDOLDQ JHQHUDO SRSXODWLRQ ,Q D VXEVDPSOH RI  PDOH VFKL]RSKUHQLF
SDWLHQWVWKHGLVWULEXWLRQRI2&VLQWKHPRQWKVRIWKH\HDUZDVDQDO\]HG
5HVXOWV$VWDWLVWLFDOH[FHVVRIELUWKVLQVSULQJZLWKDSHDNLQPD\DQGD
GH¿FLWLQDXWXPQZLWKDWURXJKLQRFWREHUZHUHIRXQGLQWKHVDPSOHRIPDOH
VFKL]RSKUHQLFV FRPSDUHG WR WKH H[SHFWHG UDWH LQ WKH JHQHUDO SRSXODWLRQ
1RVWDWLVWLFDOO\ VLJQL¿FDQW UHVXOWVZHUH IRXQGQHLWKHU LQ WKHRYHUDOOJURXS
RI SV\FKRWLF VXEMHFWV QRU LQ WKH VDPSOH RI IHPDOH VFKL]RSKUHQLFV QRU LQ
WKHVDPSOHZLWK23'DQGZLWK3'7KHLQFLGHQFHRI2&VLQWKHFRQVLGHUHG
VXEVDPSOHVKRZHGDVWDWLVWLFDOLQFUHDVHLQVXPPHUMXQHMXO\
&RQFOXVLRQV,WLVQRWHZRUWK\WKDWWKHVHDVRQRIELUWKHIIHFWLQWKLV,WDOLDQ
SRSXODWLRQ RI SV\FKRWLF SDWLHQWVZDV VWDWLVWLFDOO\ VLJQL¿FDQW RQO\ LQPDOH
VFKL]RSKUHQLFVWKXVVXJJHVWLQJVRPHGLVHDVHVSHFL¿FDFWLRQE\VHDVRQDOO\
YDU\LQJ SDWKRJHQHWLF IDFWRUV SRWHQWLDOO\ LQWHUDFWLQJZLWK JHQHWLF OLDELOLW\
$OOWKHK\SRWKHVL]HGSUHDQGSHULQDWDODFWLQJIDFWRUVFDQEHFRQVLGHUHGWR
SOD\DSRWHQWLDOUROHLQWKHQHXURGHYHORSPHQWDOPHFKDQLVPVSUHFHGLQJWKH
FOLQLFDORQVHWRIWKHLOOQHVV7KHVXPPHUSHDNRIWKHLQFLGHQFHRI2&VFRQ
WUDVWVWKHPRGHORIDQRYHUODSSLQJEHWZHHQGLIIHUHQWVHDVRQDOO\YDU\LQJIDF
WRUVDQGOHDGVWRWKHK\SRWKHVLVWKDWWKHQRQJHQHWLFOLDELOLW\WRVFKL]RSKUHQLD
PD\EHWKHUHVXOWRIWKHLQWHUDFWLRQRIHYHQQRWVLQHUJLFULVNIDFWRUV
5HIHUHQFHV
6XYLVDDUL-+DXNND-/|QQQTYLVW-6HDVRQRIELUWKDPRQJSDWLHQWV
ZLWKVFKL]RSKUHQLDDQGWKHLUVLEOLQJVHYLGHQFHIRUWKHSURFUHDWLRQDOKDELWV
K\SRWKHVLV$PHULFDQ-RXUQDORI3V\FKLDWU\
0RUWHQVHQ353HGHUVHQ&%:HVWHUJDDUG7:RKOIDKUW-(ZDOG+0RUV2
HWDO(IIHFWVRIIDPLO\K\VWRU\DQGSODFHDQGVHDVRQRIELUWKRQWKH
ULVNRIVFKL]RSKUHQLD1HZ(QJODQG-RXUQDORI0HGLFLQH
7RUUH\()0LOOHU-5DZOLQJV5<RONHQ5+6HDVRQDOLW\RIELUWKVLQ
VFKL]RSKUHQLDDQGELSRODUGLVRUGHUDUHYLHZRIWKHOLWHUDWXUH6FKL]RSKUHQLD
5HVHDUFK
6
1R$EVWUDFW5HFHLYHG
0DU\&DQQRQ
,UHODQG
039#(/4)#¬$)3/2$%23¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
1DWXUH1XUWXUHDQG6FKL]RSKUHQLD
3HWHU0F*XIILQ
6RFLDO*HQHWLFDQG'HYHORSPHQWDO3V\FKLDWU\&HQWUH,QVWLWXWHRI
3V\FKLDWU\/RQGRQ8.
7KHUH LVFRPSHOOLQJHYLGHQFHIURPIDPLO\ WZLQDQGDGRSWLRQVWXGLHVRID
VXEVWDQWLDO JHQHWLF FRQWULEXWLRQ WR VFKL]RSKUHQLD 7KH PRGH RI WUDQVPLV
VLRQ LVFRPSOLFDWHGDQGYHU\ UDUHO\ LIHYHU LQYROYHVDVLQJOHJHQH5DWKHU
VFKL]RSKUHQLDUHVXOWVIURPPXOWLSOHJHQHVRIVPDOOHIIHFWDQGWKHLULQWHUSOD\
ZLWKWKHHQYLURQPHQW3HUKDSVEHFDXVHWKHRYHUDOOVL]HRIWKHJHQHWLFHIIHFW
LVODUJHDFFRXQWLQJIRUDERXWRIYDULDQFHGH¿QLWHHQYLURQPHQWDOIDF
WRUVKDYHEHHQGLI¿FXOW WRSLQGRZQ ,WKDVHYHQEHHQVXJJHVWHG WKDWÄWKH
HQYLURQPHQW³FRQVLVWVHQWLUHO\RIHSLJHQHWLFRUVWRFKDVWLFSKHQRPHQD WKDW
FDQQHYHUEHGHWHFWHGE\DVWDQGDUGHSLGHPLRORJLFDOPHWKRGV1HYHUWKHOHVV
DYDULHW\RIVRFLDOVWUHVVRUVLQFOXGLQJKLJKH[SUHVVHGHPRWLRQLQUHODWLYHV
DQGOLIHHYHQWVDIIHFWWKHFRXUVHRILOOQHVVDQGFHUWDLQSK\VLFDOIDFWRUVVXFK
DVREVWHWULF FRPSOLFDWLRQV DQG FDQQDELV VPRNLQJKDYHEHHQ LPSOLFDWHG LQ
FRQWULEXWLQJWROLDELOLW\WRWKHGLVRUGHU7KHUHFHQWGLVFRYHU\RIVHYHUDOSR
VLWLRQDOFDQGLGDWHJHQHVWKDWKDYHEHHQUHSOLFDWHGDVEHLQJDVVRFLDWHGZLWK
OLDELOLW\ WR VFKL]RSKUHQLD KROGV FRQVLGHUDEOH SURPLVH QRW MXVW IRU D EHWWHU
XQGHUVWDQGLQJRIWKHQHXURELRORJ\EXWDOVRIRULPSURYHGNQRZOHGJHDERXW
ULVNSUHGLFWLRQDQGJHQHHQYLURQPHQWLQWHUSOD\
6
6HDVRQRI%LUWKDQG6FKL]RSKUHQLD
-RKQ0F*UDWK
4XHHQVODQG&HQWUHIRU0HQWDO+HDOWK5HVHDUFK$XVWUDOLD
2EMHFWLYHV0DQ\VWXGLHVKDYHVKRZQWKDWWKRVHERUQLQZLQWHUDQGVSULQJ
KDYHDVPDOOEXWVLJQL¿FDQWO\LQFUHDVHGULVNRIGHYHORSLQJVFKL]RSKUHQLD
7KHDLPVRIWKLVSDSHUDUHWREULHÀ\UHYLHZFDQGLGDWHH[SRVXUHVXQGHUO\LQJ
WKLVHIIHFWDQGWRVXPPDUL]HHYLGHQFHVXJJHVWLQJWKDWORZSUHQDWDOYLWDPLQ
'PD\XQGHUOLHWKLVHIIHFW
0HWKRGV$QLQWHJUDWHGSURJUDPRIUHVHDUFKUHODWHGWRORZSUHQDWDOYLWDPLQ
'DVDFDQGLGDWHLVRXWOLQHG
5HVXOWV9LWDPLQ'KDVFOHDUVHDVRQDOÀXFWXDWLRQVZLWKK\SRYLWDPLQRVLV'
EHFRPLQJPRUHSUHYDOHQWDWWKHHQGRIZLQWHUDQGHDUO\VSULQJ>@9LWDPLQ
'KDVEHHQVKRZQWR LQGXFHWKH WUDQVFULSWLRQRID ODUJHQXPEHURIJHQHV
7KHSUHVHQFHRIYLWDPLQ'GDPSHQVSUROLIHUDWLRQDQGLQGXFHVFHOOVWRH[LW
WKHFHOOF\FOHYLDGLIIHUHQWLDWLRQDQGLQFHUWDLQFLUFXPVWDQFHVLQGXFHVDS
RSWRVLV%DVHGRQD)LQQLVK%LUWK&RKRUWZHIRXQGDVLJQL¿FDQWDVVRFLDWLRQ
EHWZHHQWKHXVHRIYLWDPLQ'VXSSOHPHQWDWLRQGXULQJWKH¿UVW\HDURIOLIH
DQGDUHGXFHGULVNRIVFKL]RSKUHQLDLQPDOHVRQO\>@,QD86ELUWKFRKRUW
ZHKDYHEHHQDEOHWRGLUHFWO\PHDVXUHGPDWHUQDOK\GUR[\YLWDPLQ'OHY
HOVLQPDWHUQDOVHUDWDNHQGXULQJWKHWKLUGWULPHVWHU>@7KHVWXG\VXJJHVWHG
WKDWYHU\ORZOHYHOVPD\EHDVVRFLDWHGZLWKLQFUHDVHGULVNRIVFKL]RSKUHQLD
$QLPDOPRGHOVKDYHGHPRQVWUDWHGXQHTXLYRFDOO\WKDWORZSUHQDWDOYLWDPLQ
'DOWHUVEUDLQGHYHORSPHQW>@&RPSDUHGWRFRQWUROSXSVRIIVSULQJRIUDWV
GHSOHWHGRIYLWDPLQ'KDGDORQJHUEUDLQVDQGODUJHUODWHUDOYHQWULFOHVE
LQFUHDVHGFHOOSUROLIHUDWLRQDQGUHGXFHGDSRSWRVLVFDOWHUHGQHXURWURSKLQ
VLJQDOOLQJ$VDGXOWVWKHVHDQLPDOVKDYHVLJQL¿FDQWO\LQFUHDVHGYHQWULFXODU
YROXPHDQGSHUVLVWLQJUHGXFWLRQVLQ1*)H[SUHVVLRQ:HKDYHVKRZQWKDW
WKHVHFKDQJHVDUHDVVRFLDWHGZLWKDOWHUHGDGXOWEHKDYLRXU
&RQFOXVLRQV$ FRRUGLQDWHG DSSURDFK OLQNLQJ DQDO\WLF HSLGHPLRORJ\ DQG
DQLPDOPRGHOV LV WKHPRVWSURGXFWLYHZD\WRH[SORUHFDQGLGDWHH[SRVXUHV
XQGHUO\LQJWKHVHDVRQRIELUWKHIIHFW,IIXWXUHUHVHDUFKFRQ¿UPVWKHYLWDPLQ
'K\SRWKHVLV WKHQWKH¿QGLQJVZRXOGKDYHLPSRUWDQW LPSOLFDWLRQVIURPD
SXEOLFKHDOWKSHUVSHFWLYH
5HIHUHQFHV
 +ROLFN 0)  (QYLURQPHQWDO IDFWRUV WKDW LQÀXHQFH WKH FXWDQHRXV
SURGXFWLRQRIYLWDPLQ'$P-&OLQ1XWU66
0F*UDWK-HWDO9LWDPLQ'VXSSOHPHQWDWLRQGXULQJWKH¿UVW\HDURI
OLIHDQGULVNRIVFKL]RSKUHQLDD)LQQLVKELUWKFRKRUWVWXG\6FKL]RSKU5HV

0F*UDWK-HWDO/RZPDWHUQDOYLWDPLQ'DVDULVNIDFWRUIRUVFKL]R
SKUHQLDDSLORWVWXG\XVLQJEDQNHGVHUD6FKL]RSKU5HV
0F*UDWK--HWDO9LWDPLQ'LPSOLFDWLRQVIRUEUDLQGHYHORSPHQW-
6WHURLG%LRFKHP0RO%LRO
6
5HFHQW)LQGLQJVRQ%LSRODULW\DQG&DWDWRQLF)HDWXUHVLQWKH
6FKL]RSKUHQLF3V\FKRVHV
6
7KH&RPSUHKHQVLYH$VVHVVPHQWRI1HXURSV\FKLDWULF0RWRU
$EQRUPDOLWLHV&$10$5HOLDELOLW\DQG)DFWRU6WUXFWXUH
9LFWRU3HUDOWD
9LUJHQGHO&DPLQR+RVSLWDO3DPSORQD6SDLQ
0DQXHO-&XHVWD0DWLOGH0DUWLQH]0RQHR
(OHQD*DUFLDGH-DORQ0\ULDP/DQJDULFD
2EMHFWLYHV7RGHVFULEHWKHUDWLRQDOHGHYHORSPHQWDQGPDLQSV\FKRPHWULF
SURSHUWLHV RI WKH &RPSUHKHQVLYH$VVHVVPHQW RI 1HXURSV\FKLDWULF 0RWRU
$EQRUPDOLWLHV &$10$ DQHZ LQVWUXPHQW IRU UDWLQJPRWRUGLVRUGHUV LQ
SV\FKLDWULFSDWLHQWV
0HWKRGV 7KH &$10$ ZDV GHYHORSHG RQ WKH EDVLV RI WKH SHUFHLYHG
OLPLWDWLRQV LQ WKH FRQFHSWXDOL]DWLRQ DQG DVVHVVPHQW RIPRWRU GLVRUGHUV LQ
WKH PDMRU SV\FKLDWULF GLVRUGHUV $ FRQWHQW DQDO\VLV RI SUHYLRXV GHVFULS
WLRQVRIQHXURSV\FKLDWULFPRWRUDEQRUPDOLWLHVZDVXVHG WRGHWHUPLQH LWHP
FRPSRVLWLRQ$ VDPSOH RI  SV\FKRWLF LQSDWLHQWV SUHVHQWLQJ ZLWK PRWRU
V\PSWRPVZHUHYLGHRWDSHGDQGXVHG WRH[DPLQH LQWHUUDWHUDQG WHVWUHWHVW
UHOLDELOLW\$QRWKHU VDPSOH RI  VHYHUH PDLQO\ SV\FKRWLF SDWLHQWVZDV
XVHGWRH[DPLQHWKHIDFWRUVWUXFWXUHDQGFRUUHODWLRQVZLWKH[WHUQDOPDLQO\
FOLQLFDOYDULDEOHV
5HVXOWV,WZDVIRXQGWKDWDLWHPSRLQWVHYHULW\VFDOHEHVWUHSUHVHQWHGD
FRPSUHKHQVLYHDVVHVVPHQWRIQHXURSV\FKLDWULFPRWRUGLVRUGHUV7KH&$1
0$ZDVIRXQGWREHKLJKO\UHOLDEOHLQWHUPVRIERWKLQWHUUDWHUDQGWHVWUHWHVW
UHOLDELOLW\1HXURPRWRUDEQRUPDOLWLHVDVDVVHVVHGZLWKWKH&$10$SRVVHVD
FRPSOH[IDFWRULDOVWUXFWXUHZKLFKGLIIHUHQWLDOO\FRUUHODWHVZLWKV\PSWRPD
WRORJLFDODQGSDUWLFXODUO\ZLWKPRRGGLVRUGHUYDULDEOHV
&RQFOXVLRQV7KH&$10$LVDFRPSUHKHQVLYHDQGUHOLDEOH LQVWUXPHQW WR
UDWHQHXURSV\FKLDWULFPRWRUDEQRUPDOLWLHVWKDWPD\EHXVHIXOLQERWKFOLQLFDO
DQGUHVHDUFKVHWWLQJV
5HIHUHQFHV
/RKU -%:LVQLHZVNL$$ 0RYHPHQWGLVRUGHUV$QHXURSV\FKLDWULF
DSSURDFK7KH*XLOIRUG3UHVV1HZ<RUN
3HUDOWD9&XHVWD0-1HJDWLYHSDUNLQVRQLDQDQGFDWDWRQLFV\PSWRPV
LQVFKL]RSKUHQLDDFRQÀLFWRISDUDGLJPVUHYLVLWHG6FKL]RSKU5HV

3HUDOWD9&XHVWD0-0RWRUIHDWXUHVLQSV\FKRWLFGLVRUGHUV,)DFWRU
VWUXFWXUHDQGFOLQLFDOFRUUHODWHV6FKL]RSKU5HV
6
(SLGHPLRORJ\DQG6\PSWRPDWRORJ\RI&DWDWRQLF)HDWXUHVLQ
1RUWK$PHULFDQ3V\FKLDWU\
%UHQGDQ7&DUUROO
8QLYHUVLW\RI&LQFLQQDWL86$
&KULVWRSKHU7KRPDV
,QWURGXFWLRQ:KLOH FDWDWRQLD LV IUHTXHQWO\ REVHUYHG LQ 1RUWK$PHULFDQ
3V\FKLDWU\LWLVLQIUHTXHQWO\UHFRUGHG'60,9FODVVL¿FDWLRQRIFDWDWRQLDLV
LQIUHTXHQWO\FLWHG7KH'60,9FODVVL¿FDWLRQLQFOXGHVVXEW\SHRIVFKL]R
SKUHQLDPRGL¿HUVRIPRRGGLVRUGHUVDQGGLVWLQFWGLVRUGHUFDWDWRQLD
GXHWRJHQHUDOPHGLFDWLRQFRQGLWLRQ5HFHQWDUWLFOHVDQGERRNVKDYHLQÀX
HQFHGFOLQLFDORSLQLRQEXWWKHQRVRORJ\RI'609LVQRWOLNHO\WRFKDQJH
2EMHFWLYHV&DWDWRQLDPD\UHVSRQGWRPHPDQWLQHDQGRWKHU10'$DQWDJR
QLVWV6SHFL¿FDOO\PHPDQWLQHDQG UHODWHGDJHQWVPD\KDYHDQG LPSRUWDQW
DGMXQFWLYH UROH WR DQWLSV\FKRWLFV LQ VFKL]RSKUHQLDZLWK FDWDWRQLF IHDWXUHV
DQGRWKHUSV\FKLDWULFLOOQHVVHVLQZKLFKFDWDWRQLDRFFXUV
0HWKRGV 7KH FDWDWRQLF VLJQV PRVW FRPPRQO\ LGHQWL¿HG FRPH IURP 
'60,9VLJQVWKH%XVK)UDQFLV&DWDWRQLD5DWLQJ6FDOHVLJQV
DQG7KH5RVHEXVK6FDOH&ULWHULD  VLJQV5HFHQW VXUYH\V SRLQW WR D
¿JXUH RI D  SUHYDOHQFH RI FDWDWRQLD LQ KRVSLWDO SV\FKLDWU\ XQLWV \HW
WKHUH LV LQVXI¿FLHQWFOLQLFDOGHWHFWLRQ,Q1RUWK$PHULFDHFRQRPLFV LQÀX
HQFHGLDJQRVLVRQFHDWUHDWPHQWLIGLVFRYHUHGWREHHIIHFWLYHLQDV\QGURPH
WKHQWKHV\QGURPHLVHOHYDWHGWRGLIIHUHQWLDOGLDJQRVLVVWDWXVDQG¿QDOO\WR
FOLQLFDOO\LQGLFDWHGWUHDWPHQWVWDWXV
5HVXOWV:HKDYHGHYHORSHGDVFUHHQLQJLQVWUXPHQWXVLQJVLJQVIURPWKH
039#(/4)#¬$)3/2$%23¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
%XVK)UDQFLV5DWLQJ6FDOH
&RQFOXVLRQV 7KH SKHQRPHQRORJ\ RI FDWDWRQLD LV FRPSOH[ DQG DW WLPHV
LPSRQGHUDEOH\HWWKHVFUHHQLQJH[DPVDUHUHODWLYHO\VLPSOHDQGZLOO\LHOG
LQFUHDVHGIUHTXHQF\WUHDWPHQWDQGXQGHUVWDQGLQJ
5HIHUHQFHV
&DURII 61 0DQQ 6& )UDQFLV$ )ULFFKLRQH */ &DWDWRQLD )URP 3V\
FKRSDWKRORJ\ WR 1HXURELRORJ\ $PHULFDQ 3V\FKLDWULF 3XEOLVKLQJ ,QF
:DVKLQJWRQ'&
)LQN07D\ORU0$&DWDWRQLD$&OLQLFLDQ¶V*XLGHWR'LDJQRVLVDQG7UHDW
PHQW&DPEULGJH8QLYHUVLW\3UHVV&DPEULGJH8.
1RUWKRII*:KDWFDWDWRQLDFDQWHOOXVDERXW³WRSGRZQ´PRGXODWLRQDQHX
URSV\FKLDWULFK\SRWKHVLV%UDLQDQG%HKDYLRUDO6FLHQFHV
6
&KDQJLQJ7UHQGVLQWKH(SLGHPLRORJ\RI&DWDWRQLD
6WDQOH\1&DURII
8QLYHUVLW\RI3HQQV\OYDQLDDQGWKH'HSDUWPHQWRI9HWHUDQV$IIDLUV
0HGLFDO&HQWHU86$
.HQQHWK$6XOOLYDQ(&DEULQD&DPSEHOO
2EMHFWLYHV7KHSXUSRVHRI WKLVSUHVHQWDWLRQ LV WRUHYLHZFKDQJLQJ WUHQGV
LQWKHHSLGHPLRORJ\RIFDWDWRQLD)OXFWXDWLRQVLQWKHLQFLGHQFHRIFDWDWRQLD
FRXOGUHYHDOFOXHVWRXQGHUO\LQJHWLRORJ\WKDWPD\LQÀXHQFHRXUXQGHUVWDQG
LQJRIQRVRORJ\
0HWKRGV5HSRUWVRQWKHLQFLGHQFHRUSUHYDOHQFHRIFDWDWRQLDZHUHREWDLQHG
IURPD0('/,1(VHDUFKDQGUHYLHZRISXEOLVKHGDUWLFOHV
5HVXOWV &DWDWRQLD FRQWLQXHV WR EH UHSRUWHG LQ  RI SDWLHQWV ZLWK
DFXWHSV\FKLDWULFGLVRUGHUV$OWKRXJK WKH UDWHRIFDWDWRQLDDPRQJSDWLHQWV
ZLWKPRRGGLVRUGHUV KDV UHPDLQHGUHODWLYHO\FRQVWDQW VWXGLHV
IURPVLQJOHVLWHVKDYHGHPRQVWUDWHGDQDYHUDJHGHFOLQHRILQFDWDWRQLF
VFKL]RSKUHQLDGXULQJWKHODVWFHQWXU\,QFOLQLFDOVHULHVRIFDWDWRQLFSDWLHQWV
WKHGLVWULEXWLRQRIXQGHUO\LQJHWLRORJLHVKDVYDULHGZLGHO\EHWZHHQUHSRUWV
LQFOXGLQJVFKL]RSKUHQLDPRRGGLVRUGHUVDQGRUJDQLF
FRQGLWLRQV  $OWKRXJK WKH IUHTXHQF\ RI DQWLSV\FKRWLFLQGXFHG
RUJDQLF FDWDWRQLD LV XQNQRZQ WKH UHFHQW VFDUFLW\ RI FDVH UHSRUWV RI WKLV
LDWURJHQLFGLVRUGHUFRPELQHGZLWKIDYRUDEOHHIIHFWVLQDQLPDOPRGHOVDQG
VRPHSDWLHQWVZLWKFDWDWRQLFVFKL]RSKUHQLDVXJJHVWWKDWQGJHQHUDWLRQDQ
WLSV\FKRWLFGUXJVDUHOHVVOLNHO\WREHDVVRFLDWHGZLWKFDXVLQJRUZRUVHQLQJ
RIFDWDWRQLD
&RQFOXVLRQV$OWKRXJKGLIIHUHQFHVLQGLDJQRVWLFFULWHULDOLPLWFRPSDULVRQV
DFURVVVWXGLHVFDWDWRQLDDSSHDUV WREHDQRQVSHFL¿FV\QGURPHWKDW LVVWLOO
FRPPRQO\REVHUYHGDPRQJSV\FKLDWULFSDWLHQWV ,I D WUXHGHFOLQH LQ VRPH
IRUPV RI FDWDWRQLF VFKL]RSKUHQLD LV FRQ¿UPHG IXUWKHU VWXGLHV ZRXOG EH
QHFHVVDU\WRGHWHUPLQHZKHWKHULWLVGXHWRFKDQJHVLQGLDJQRVWLFSUDFWLFHV
LQ WKHSUHYDOHQFHRI LQIHFWLRXVFDXVHVRIFKURQLFFDWDWRQLD LQ WKHHI¿FDF\
RIPRGHUQ WUHDWPHQWV IRU DFXWH FDWDWRQLF H[FLWHPHQW RU LQ WKHPDQLIHVWD
WLRQV DQG VHYHULW\ RI VFKL]RSKUHQLD LWVHOI )XUWKHU VWXGLHV DUH DOVR QHHGHG
WR GHWHUPLQH ZKHWKHU QG JHQHUDWLRQ DJHQWV RIIHU HIIHFWLYH DQWLSV\FKRWLF
WKHUDS\ZLWKUHGXFHGULVNRILQGXFLQJFDWDWRQLDRUSUHFLSLWDWLQJQHXUROHSWLF
PDOLJQDQWV\QGURPH
5HIHUHQFHV
&DURII610DQQ6&)UDQFLV$)ULFFKLRQH*/&DWDWRQLD)URP3V\FKRSD
WKRORJ\WR1HXURELRORJ\$PHULFDQ3V\FKLDWULF3UHVV,QF
6
9LGHRVRQ+\SHUNLQHWLF$NLQHWLF0RWLOLW\3V\FKRVHV
$OEHUWR-XOLR0RQFKDEORQ(VSLQR]D
1HXURSV\FKLDWULF+RVSLWDO%UDXOLR$0R\DQR$UJHQWLQD
2EMHFWLYHV&\FORLGSV\FKRVHVUHSUHVHQWDQRVRORJLFDOHQWLW\7KH\DUHSKD
VLFELSRODUQRQPDQLFGHSUHVVLYHSV\FKRVHV7KHVHSV\FKRVHVKDYHJRRG
SURJQRVLVZLWKIXOOUHFRYHULHVDIWHUHDFKSV\FKRWLFHSLVRGH
0HWKRGV9LGHRSUHVHQWDWLRQRQ³$NLQHWLF0RWLOLW\3V\FKRVLV´DQGRQ³+\
SHUNLQHWLF0RWLOLW\3V\FKRVLV´RISDWLHQWVKRVSLWDOL]HGLQ1HXURSV\FKLDWULF
+RVSLWDO³%UDXOLR$0R\DQR´
5HVXOWV &\FORLG SV\FKRVHV DUH VXEGLYLGHG LQWR WKUHH VXEIRUPV 2QH RI
WKHVH VXEIRUPV LV K\SHUNLQHWLFDNLQHWLF PRWLOLW\ SV\FKRVLV +\SHUNLQHWLF
SROH UHSUHVHQWV WKH SV\FKRPRWRU H[FLWDWLRQ IRUPZLWK H[SUHVVLYH DQG UH
DFWLYH PRYHPHQWV LQFUHDVHG 7KLV H[FLWDWLRQ LV QRW UHODWHG ZLWK WKRXJKW
GLVWXUEDQFHVRU IHHOLQJV:KHQK\SHUNLQHVLD LVVHYHUH WKLVPRYHPHQWVDUH
GLVWRUWHGWKHSDWLHQWVFRXOGVKRZJULPDFLQJDQGUHVWOHVVQHVV
7KH RSSRVLWH SROH RI K\SHUNLQHVLD DNLQHVLD UHSUHVHQWV WKH SV\FKRPRWRU
SXUH IRUPRI LQKLELWLRQDQG LQYROXQWDU\PRYHPHQWVDUHDIIHFWHG ,WFRXOG
UHDFK WR ULJLGLW\ RI IDFLDO H[SUHVVLRQ 7KH SRVWXUH LV ULJLG $FWLRQV DQG
VSHHFKE\RZQZLOODUHDEVHQWLQDNLQHVLD
&RQFOXVLRQV 3RO\PRUSKLVP LV LWVPDLQ FKDUDFWHULVWLF DV LW LV FRPPRQ WR
¿QGFRQIXVLRQDOV\PSWRPVDQ[LHW\IHHOLQJVRIKDSSLQHVVRUV\PSWRPVWKDW
UHPLQGPDQLFGHSUHVVLYHSV\FKRVHV
6LPSOH WUDQVIRUPDWLRQRI ,&''60GLDJQRVLV LQWRGLDJQRVLVDFFRUGLQJ WR
/HRQKDUG¶VFODVVL¿FDWLRQLVQRWSRVVLEOH
5HIHUHQFHV
$PHULFDQ3V\FKLDWULF$VVRFLDWLRQ'LDJQRVWLFDQGVWDWLVWLFDOPDQXDO
RIPHQWDOGLVRUGHUVWKHG$PHULFDQ3V\FKLDWULF$VVRFLDWLRQ:DVKLQJWRQ
'&
/HRQKDUG. &ODVVL¿FDWLRQRI HQGRJHQRXVSV\FKRVHV DQG WKHLU GLI
IHUHQWLDWHGHWLRORJ\(G6SULQJHU:LHQ1HZ<RUN
6W|EHU*HWDO'LIIHUHQFHVLQTXDOLW\RIOLIHDQGFRXUVHRILOOQHVVEH
WZHHQF\FORLGDQGVFKL]RSKUHQLFSV\FKRVLVDFRPSDUDWLYHVWXG\7KH:RUOG
-RXUQDORI%LRORJLFDO3V\FKLDWU\9RO
:RUOG+HDOWK2UJDQL]DWLRQ 7KH ,&'±&ODVVL¿FDWLRQRI0HQWDO
DQG %HKDYLRXUDO 'LVRUGHUV 'LDJQRVWLF &ULWHULD IRU 5HVHDUFK 9RO ;,,,
:+2*HQHYD
6
3HULRGLF&DWDWRQLD$0DMRU'LVHDVH/RFXVRQ&KURPRVRPH
TDQG3URJUHVVLQ3RVLWLRQDO&ORQLQJ3URMHFWV
*HUDOG6W|EHU
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\RI
:U]EXUJ*HUPDQ\
$ULI(NLFL$QGUp5HLV
3HULRGLFFDWDWRQLD0,0LVFKDUDFWHUL]HGE\TXDOLWDWLYHK\SHUNLQHW
LFDQGDNLQHWLFSV\FKRPRWRUGLVWXUEDQFHVWKURXJKDFXWHSV\FKRWLFHSLVRGHV
DQGGHELOLWDWLQJSV\FKRPRWRUV\PSWRPVLQWKHORQJWHUP,QJHQRPHZLGH
OLQNDJH VWXGLHV RQPXOWLSOH[ SHGLJUHHV VHJUHJDWLQJ IRU SHULRGLF FDWDWRQLD
ZH UHFHQWO\ LGHQWL¿HG DPDMRU GLVHDVH ORFXV RQ FKURPRVRPH T DQG
UHSOLFDWHG WKHFKURPRVRPDO ORFXV LQDQ LQGHSHQGHQWVHWRISHGLJUHHV7KH
UHVXOWVVDWLV¿HG/DQGHU	.UXJO\DN¶VULJRURXVFULWHULDIRU³VLJQL¿FDQWDQG
FRQ¿UPHGHYLGHQFH IRU OLQNDJH´/LQNDJHDQGKDSORW\SHDQDO\VLV LQ WKUHH
H[FHSWLRQDOO\ODUJHSHGLJUHHVOLQNHGWRFKURPRVRPHTGLVFORVHGDQ
F0FULWLFDOUHJLRQEHWZHHQPDUNHU'6DQG'6,QRXUHIIRUWV
LQ UHYHDOLQJ WKHGLVHDVHJHQHZHSHUIRUP OLQNDJHGLVHTXLOLEULXPPDSSLQJ
DQG KDSORW\SH DQDO\VHV LQ PXOWLSOH[ SHGLJUHHV DQG SDUHQWRIIVSULQJ WULRV
LQ QHZ VHWV RIPLFURVDWHOOLWHPDUNHUV DQG FRQFXUUHQWO\ FRPSOHWH V\VWHP
DWLFPXWDWLRQVFDQVRIFDQGLGDWHJHQHVDQQRWDWHGLQWKDWUHJLRQ7KHVLQJOH
QXFOHRWLGHSRO\PRUSKLVPVDUH LQFOXGHG LQRQJRLQJ OLQNDJHGLVHTXLOLEULXP
PDSSLQJDQGIDPLO\EDVHGDQGFDVHFRQWURODVVRFLDWLRQVWXGLHV
6
6FKL]RSKUHQLDDQG&HUHEUDO$V\PPHWU\
*RRG1HZVIURPD/RQJ:D\
6
.OLQHIHOWHU¶V6\QGURPH;;<DVD0RGHOIRU6FKL]RSKUHQLD
DQG&HUHEUDO$V\PPHWU\
/\QQ'H/LVL
1HZ<RUN8QLYHUVLW\86$
.DPLOD6]XOF5RR]EHK5H]DLH7LPRWK\-&URZ
2EMHFWLYHV0DOHVZLWKDQH[WUD;FKURPRVRPH.OLQHIHOWHU¶V6\QGURPH
IUHTXHQWO\DOWKRXJKQRWDOZD\VKDYHDQLQFUHDVHGSUHYDOHQFHRISV\FKLDWULF
GLVWXUEDQFHVWKDWUDQJHIURPDWWHQWLRQGH¿FLWGLVRUGHULQFKLOGKRRGWRVHYHUH
DIIHFWLYH GLVRUGHUV GXULQJ DGXOWKRRG ,Q DGGLWLRQ WKH\ IUHTXHQWO\ KDYH
FKDUDFWHULVWLF YHUEDO GH¿FLWV 7KXV H[DPLQLQJ EUDLQ 05, VFDQV RI WKHVH
LQGLYLGXDOV PD\ \LHOG FOXHV WR WKH LQÀXHQFH RI ; FKURPRVRPH JHQHV RQ
EUDLQVWUXFWXUDOYDULDWLRQFRUUHVSRQGLQJWRSV\FKLDWULFFRJQLWLYHGLVRUGHUV
DQGEUDLQDV\PPHWU\
0HWKRGV'DWDZLOOEHSUHVHQWHGIURP05,VFDQVDQGDFRJQLWLYHFOLQLFDO
VHWRIHYDOXDWLRQVRI;;<FRPSDUHGZLWK;<PDOHV
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
5HVXOWV 7KH\ FRQ¿UP SUHYLRXV ¿QGLQJV RI YHUEDO GH¿FLWV LQ DGXOW ;;<
PDOHVDQGDOVRIXUWKHUDGGHYLGHQFHWKDWDQRPDOLHVRIFHUHEUDODV\PPHWU\
DQGUHJLRQVRIZKLWHPDWWHULQWHJULW\RFFXULQWKLVGLVRUGHU
&RQFOXVLRQV)XUWKHUZRUNXVLQJWKLVJHQHWLFFRQGLWLRQDVDPRGHOWR¿QG
WKHJHQHWLFPHFKDQLVPIRUVFKL]RSKUHQLDZLOOEHLPSRUWDQW
5HIHUHQFHV
'H/LVL/(0DXUL]LR$06YHWLQD&$UGHNDQL%1LHUHQEHUJ-6]XOF.
/HRQDUG-+DUYH\3.OLQHIHOWHUV\PGURPHWKH;;<NDU\RW\SHDVDJH
QHWLFPRGHOIRUSV\FKRWLFGLVRUGHUV$PHULFDQ-RXUQDORI0HGLFDO*HQHWLFV
1HXURSV\FKLDWULF*HQHWLFVLQSUHVV
+RII$/6YHWLQD&0DXUL]LR$0&URZ7-6SRNHV.'H/LVL/()D
PLOLDOFRJQLWLYHGH¿FLWVLQVFKL]RSKUHQLD$PHULFDQ-RI0HGLFDO*HQHWLFV
1HXURSV\FKLDWULF*HQHWLFVLQSUHVV
0DFND\&(%DUULFN755REHUWV1'H/LVL/(0DHV)9DQGHUPHXOHQ
'DQG&URZ7-$SSOLFDWLRQRIDQHZLPDJHDQDO\VLVWHFKQLTXHWRWKHVWXG\
RIEUDLQDV\PPHWU\LQVFKL]RSKUHQLD3V\FKLDWU\5HVHDUFK%UDLQ,PDJLQJ

6
/DQJXDJH/DWHUDOLVDWLRQLQ3V\FKLDWULF'LVRUGHUVZLWK
3V\FKRVLV
,ULV6RPPHU
1HWKHUODQGV
/DQJXDJH ODWHUDOLVDWLRQ KDV EHHQ IRXQG WR EH GHFUHDVHG LQ VFKL]RSKUHQLD
SDWLHQWV 0RUH VSHFL¿F ODQJXDJH DFWLYDWLRQ RI WKH ULJKW KHPLVSKHUH ZDV
KLJKHULQVFKL]RSKUHQLDSDWLHQWVWKDQLQKHDOWK\FRQWUROV+HDOWK\PRQR]\
JWRLFWZLQVRIVFKL]RSKUHQLDSDWLHQWVZHUHDOVRREVHUYHGWRKDYHGHFUHDVHG
ODWHUDOLVDWLRQ VXJJHVWLQJ WKLV DEQRUPDOLW\ WR EH D JHQHWLF SUHGLVSRVLWLRQ
,Q VFKL]RSKUHQLD SDWLHQWV D FRUUHODWLRQ ZDV REVHUYHG EHWZHHQ LQFUHDVHG
DFWLYLW\RI WKH ULJKWKHPLVSKHUH DQG VHYHULW\RIKDOOXFLQDWLRQV7KHUHIRUH
LQFUHDVHGDFWLYLW\RIWKHULJKWKHPLVSKHUHPD\EHDVSHFL¿FULVNIDFWRUIRU
KDOOXFLQDWLRQV ,QRUGHU WR WHVW WKLVK\SRWKHVLVQRQVFKL]RSKUHQLFSDWLHQWV
ZLWKSV\FKRVLVZHUHLQFOXGHGLQDQI05,VWXG\SV\FKRWLFSDWLHQWVZLWK
.OLQHIHOWHUµVV\QGURPHZHUHLQFOXGHGSDWLHQWVZLWKSV\FKRWLFGHSUHVVLRQ
DQGSDWLHQWVZLWKSV\FKRWLFPDQLD3DWLHQWVSHUIRUPHGDSDFHGYHUEJHQ
HUDWLRQWDVNDQGDSDFHGVHPDQWLFGHFLVLRQWDVNGXULQJPLQXWHV$FWLYD
WLRQSDWWHUQVZHUHPHDVXUHGRIERWKWDVNVFRPELQHG/DQJXDJHODWHUDOLVDWLRQ
ZDVFDOFXODWHGIRUDOOSDWLHQWV/DQJXDJHODWHUDOLVDWLRQZDVQRWVLJQL¿FDQWO\
ZKHQDOOSDWLHQWVZHUHFRPSDUHGWRKHDOWK\FRQWUROVEXWSDWLHQWVZLWKKDO
OXFLQDWLRQV VKRZHG VLJQL¿FDQWO\ GHFUHDVHG ODWHUDOLVDWLRQ DV FRPSDUHG WR
KHDOWK\FRQWUROV
6
6XEFRUWLFDO6WUXFWXUHVLQ(DUO\3V\FKRVLVLVWKHUHD5ROHIRU
'LVWXUEHG$V\PPHWU\"
:LOOLDP*+RQHU
&HQWUHIRU&RPSOH['LVRUGHUV'HSDUWPHQWRI3V\FKLDWU\8QLYHU
VLW\RI%ULWLVK&ROXPELD&DQDGD
0XFK RI WKH LPSRUWDQW ZRUN VXSSRUWLQJ GLVWXUEDQFHV RI ODWHUDOL]HG EUDLQ
VWUXFWXUHVLQVFKL]RSKUHQLDFRQFHUQVQHRFRUWLFDOUHJLRQVSDUWLFXODUO\WKRVH
UHODWHG WR ODQJXDJH 2XU UHFHQW VWXGLHV H[DPLQHG VXEFRUWLFDO VWUXFWXUHV
LQFOXGLQJ WKHEDVDO JDQJOLD KLSSRFDPSXV DQG WKDODPXV2XUSDWKRORJLFDO
VWXGLHV RI HQWRUKLQDO WR KLSSRFDPSDO FRQQHFWLRQV LQGLFDWH D UROH IRU GLV
WXUEHG EUDLQ GHYHORSPHQW LQ VFKL]RSKUHQLD7KHVH ¿QGLQJV GR QRW DSSHDU
WREH ODWHUDOL]HG+RZHYHUGLVWXUEHGDV\PPHWU\PD\SOD\D UROH LQRWKHU
DVSHFWVRIKLSSRFDPSDOVWUXFWXUH:HXVHG05,WRH[DPLQHWKHYROXPHRI
WKHKLSSRFDPSDO¿VVXUHLQSDWLHQWVZLWK¿UVWHSLVRGHSV\FKRVLVDQGIRXQG
ODUJHUKLSSRFDPSDO¿VVXUHVLQSDWLHQWVZLWKDV\PPHWULHVRIWKHYHQWULFXODU
V\VWHP 05, VWXGLHV RI EDVDO JDQJOLD VWUXFWXUHV GR QRW UHYHDO REYLRXV
GLIIHUHQFHV LQ DV\PPHWULHV LQ SV\FKRVLV+RZHYHU SUHOLPLQDU\ VWXGLHV RI
WKH WKDODPXV LQGLFDWHVPDOOHUVXEUHJLRQDOYROXPHVRQ WKH OHIW VLGH LQ¿UVW
HSLVRGH VFKL]RSKUHQLD RU VFKL]RDIIHFWLYH GLVRUGHU )LQDOO\ QHZ GDWD RQ
FRUSXVFDOORVXPVWUXFWXUHLQ¿UVWHSLVRGHVFKL]RSKUHQLDZLOOEHSUHVHQWHG
VXSSRUWLQJDVWUXFWXUDOEDVLVIRUDEQRUPDOLWLHVRIKHPLVSKHUHWRKHPLVSKHUH
FRPPXQLFDWLRQ
6
.XUW6FKQHLGHU.DUO%XHKOHUDQGWKH2ULJLQVRI/DQJXDJH
7LPRWK\-&URZ
6$1(32:,&8QLYHUVLW\RI2[IRUG2[IRUG8.
2EMHFWLYHV,WLVJHQHUDOO\DFFHSWHGWKDWVFKL]RSKUHQLFLOOQHVVHVFKDUDFWHU
LVHGE\WKHQXFOHDURU¿UVWUDQNV\PSWRPVDVGHVFULEHGE\.6FKQHLGHURFFXU
LQDOOSRSXODWLRQVSUREDEO\ZLWKDVLPLODU LQFLGHQFH WKH\DUHDFRUUHODWH
RI WKH XQLYHUVDOLW\ RI WKH FDSDFLW\ IRU ODQJXDJH GHVFULEHG E\ WKH OLQJXLVW
(/6DSLU,WLVPXFKOHVVZHOODFFHSWHGWKDWFHUHEUDODV\PPHWU\WKDWODWHU
EHFDPHLGHQWL¿HGZLWKWKHWRUTXHLVWKHGH¿QLQJFKDUDFWHULVWLFRIWKHEUDLQ
RI+RPRVDSLHQVDQGWKHFRUUHODWHRIODQJXDJHDVVXJJHVWHGE\3DXO%URFD
7KLVSDSHUDLPVWRUHODWHWKHVHWZROLQHVRIWKRXJKWLQDWKHRU\RIWKHHYROX
WLRQRIODQJXDJH
0HWKRGV WKH OLWHUDWXUH RQ FHUHEUDO DV\PPHWU\ DV UHÀHFWHG LQ GLUHFWLRQDO
KDQGHGQHVV DW D SRSXODWLRQ OHYHO DQG DQDWRPLFDO DV\PPHWULHVZLOO EH UH
YLHZHG&XUUHQWHYLGHQFHRQDQRPDOLHVRIDQDWRPLFDODV\PPHWU\LQVFKL]R
SKUHQLDZLOOEHVXPPDULVHG7KHQDWXUHRIWKH¿UVWUDQNV\PSWRPVZLOOEH
UHYLHZHGLQWKHOLJKWRI.DUO%XHKOHUµVWKHRU\WKDWODQJXDJHLVEXLOWDURXQG
DFRRUGLQDWHRULJLQLQWKHGHLFWLFV\PEROVÄ,KHUHQRZ³
5HVXOWV ,W ZLOO EH DUJXHG WKDW WKH PRVW UHOLDEOH HYLGHQFH VXJJHVWV WKDW
GLUHFWLRQDODV\PPHWU\DQGLWVDQDWRPLFDOFRUUHODWHWKHWRUTXHLVVSHFL¿FWR
PDQWKH%URFD$QQHWWD[LRPHYHQLQFRPSDULVRQZLWKRXUFORVHVWSULPDWH
UHODWLYH WKHFKLPSDQ]HH LW LVDIHDWXUH WKDW LVQRYHO LQKRPLQLGHYROXWLRQ
7KH WRUTXHKDV WKHHIIHFWRI UHQGHULQJ WKHKXPDQEUDLQD IRXUFKDPEHUHG
VWUXFWXUHZLWK UHVSHFW WR DUHDV RI KHWHURPRGDO DVVRFLDWLRQ FRUWH[ UHODWLYH
WR WKH WZR FKDPEHUV PRWRU DQG VHQVRU\ RI RWKHU SULPDWHV ,W DOORZV D
VHJUHJDWLRQRIIXQFWLRQLQWRULJKWDQGOHIWKHPLVSKHUHVDORQJWKH$3D[LV
7KHSKHQRPHQDRIVFKL]RSKUHQLDDVPDQLIHVWDWLRQVRIRQHH[WUHPHRIYDUL
DWLRQ LQ WKHGLPHQVLRQRIDV\PPHWU\UHYHDO WKHQDWXUHRI WKHVHJUHJDWLRQ
RI IXQFWLRQ  WKH VHSDUDWLRQ RI ÄWKRXJKWV³ DQG ÄLQWHQWLRQV³ LQ ULJKW IURP
VSHHFKDQGDFWLRQLQOHIWGRUVRODWHUDOSUHIURQWDOFRUWH[DQGWKHVHSDUDWLRQ
RISHUFHLYHGVSHHFKLQOHIWIURPLWVDVVRFLDWHGÄPHDQLQJV³LQULJKWRFFLS
LWRWHPSRURSDULHWDOFRUWH[7KXVWKHVHOIUHODWHGFRPSRQHQWRIODQJXDJHLV
LVRODWHGLQWKHULJKWIURQWDOOREHIURPWKHRWKHUJHQHUDWHGFRPSRQHQWLQWKH
OHIWSRVWHULRUTXDGUDQW
&RQFOXVLRQV WKH QXFOHDU V\PSWRPV RI VFKL]RSKUHQLD DUH WKH NH\ WR WKH
HYROXWLRQRIODQJXDJH
5HIHUHQFHV
&URZ7-,VVFKL]RSKUHQLDWKHSULFHWKDW+RPRVDSLHQVSD\VIRUODQ
JXDJH6FKL]RSKUHQLD5HVHDUFK
&URZ7-$XGLWRU\KDOOXFLQDWLRQVDVSULPDU\GLVRUGHUVRIV\QWD[DQ
HYROXWLRQDU\WKHRU\RIWKHRULJLQVRIODQJXDJH&RJQLWLYH1HXURSV\FKLDWU\

&URZ7-'LUHFWLRQDODV\PPHWU\WKH%URFD$QQHWWD[LRPLVWKHNH\
WR WKHRULJLQRIPRGHUQ+RPRVDSLHQV UHSO\ WR/HVOH\5RJHUV/DWHUDOLW\

6
6FKL]RSKUHQLDIURP,QVLGH%UDLQDQG0LQG
6
6FKL]RSKUHQLDIURPWKH,QVLGH+RZGR%UDLQ0HFKDQLVPV
3URGXFHLWV6\PSWRPV"
1DQF\&$QGUHDVHQ
8QLYHUVLW\RI,RZD86$
)RUPRUHWKDQDFHQWXU\PDQ\SV\FKLDWULVWVKDYHUHFRJQL]HGWKDWVFKL]RSKUH
QLDLVDEUDLQGLVHDVHDQGKDYHVRXJKWWRORFDOL]HV\PSWRPVLQVSHFL¿FEUDLQ
UHJLRQV7KLVDSSURDFKGHULYHVIURPODWHWKFHQWXU\EUDLQVFLHQFHDOWKRXJK
LWDOVRKDVDULFKWUDGLWLRQLQWKHWKFHQWXU\7KHORFDOL]DWLRQDSSURDFKKDV
SURYLGHGWKHIRXQGDWLRQIRUXVLQJWKHWRROVRIPRGHUQQHXURLPDJLQJWRVWXG\
VFKL]RSKUHQLD$WSUHVHQWWKHUHDUHPXOWLSOHFRPSHWLQJORFDOL]DWLRQWKHRULHV
ZKLFKHQFRPSDVVUHJLRQVVXFKDVSUHIURQWDOFRUWH[RUWHPSRUDOFRUWH[$Q
DOWHUQDWH DSSURDFK KRZHYHU LV WR FRQFHSWXDOL]H WKH EUDLQPHFKDQLVPVRI
VFKL]RSKUHQLDDVLQYROYLQJGLVUXSWHGFRQQHFWLYLW\RUFLUFXLWU\$IXQFWLRQDO
HTXLYDOHQW WR WKLVDQDWRPLFDODSSURDFKZRXOGVXJJHVW WKDW WKHPLVFRQQHF
WLRQVRFFXULQDWHPSRUDOFRQWH[W7KLVSUHVHQWDWLRQZLOOUHYLHZWKHHYLGHQFH
IRUWKHVHYDULRXVDSSURDFKHVDQGSUHVHQWVRPHVXJJHVWLRQVIRUIXWXUHZRUN
039#(/4)#¬$)3/2$%23¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
&KLOGKRRG0HQLQJLWLV,QFUHDVHVWKH5LVNIRU3V\FKRVHVLQ
$GXOW/LIH
:DJQHU)*DWWD]
'HSDUWPHQWDQG,QVWLWXWHRI3V\FKLDWU\)DFXOW\RI0HGLFLQH
8QLYHUVLW\RI6mR3DXOR%UD]LO
$QGUp$EUDKmR5REHUWR)RFFDFLD
6HYHUDO VWXGLHV VXJJHVW WKDWPDWHUQDO RU QHRQDWDO LQIHFWLRQVPD\ LQFUHDVH
WKH ULVN IRU SV\FKRVHV LQ DGXOW OLIH ,Q WKH SUHVHQW VWXG\ ZH LQYHVWLJDWHG
WKHK\SRWKHVLVWKDWDPHQLQJLWLVLQIHFWLRQLQWKH¿UVWIRXU\HDUVRIOLIHPD\
LQFUHDVH WKH ULVN IRU D SV\FKLDWULF GLVRUGHU LQ JHQHUDO GXULQJ DGXOWKRRG
:H H[DPLQHG  LQGLYLGXDOV DIIHFWHG E\ WKH HSLGHPLF PHQLQJLWLV WKDW
RFFXUUHGLQ6DR3DXORGXULQJWKH\HDUVRIWR$VFRQWUROJURXS
ZHXVHG VLEOLQJVRI WKRVH LQGLYLGXDOVZKRGLGQRWSUHVHQWPHQLQJLWLV
DWFKLOGKRRG7KLVFRQWUROJURXSZDV WKXVZHOOPDWFKHG WR WKHPHQLQJLWLV
JURXSE\DJHERWKDURXQG\HDUVIDPLOLDOVRFLRHFRQRPLFDQGFXOWXUDO
EDFNJURXQGV:HIRXQGDQLQFUHDVHLQWKHSUHYDOHQFHRIVFKL]RSKUHQLDQ 
ZLWKLQ WKH VDPSOHZLWK FKLOGKRRGPHQLQJLWLV FRPSDUHG WR QRQH LQ
FRQWUROVDVZHOODVFDVHVRIOLIHWLPHRFFXUUHQFHRISV\FKRWLFV\PSWRPV
DVFRPSDUHGWRFDVHVLQWKHFRQWUROJURXS7KHVHGLIIHUHQFHV
ZHUHVLJQL¿FDQWDWWKHOHYHO7KHUHZDVDOVRDQLQFUHDVHLQWKHSUHYD
OHQFHRIQHXURORJLFDOVHTXHOVLQWKHPHQLQJLWLVJURXSVXFKDVHSLOHSV\DQG
GHDIQHVV EXW WKH SUHYDOHQFH RI SV\FKRWLF V\PSWRPV ZDV QRW UHODWHG WR
QHXURORJLFDOVHTXHOV7KHUHZDVQRGLIIHUHQFHDPRQJWKHJURXSVLQWKHULVN
IRU RWKHU SV\FKLDWULF GLVRUGHUV:H VSHFXODWH WKDW WKLV DSSDUHQWO\ VSHFL¿F
HIIHFW RI FKLOGKRRGPHQLQJLWLV RQ WKH ULVN IRU SV\FKRVHVPD\ UHVXOW IURP
DQLQÀXHQFHRILQIHFWLRQXSRQIDFWRUVUHODWHGWRWKHPDWXUDWLRQRIWKHEUDLQ
GXULQJWKH¿UVW\HDUVRIOLIH
6
6FKL]RSKUHQLD/LNH2XWVLGH(SLOHSV\,QVLGH7KH
&RQWULEXWLRQVRI(SLOHSV\WRDQ8QGHUVWDQGLQJRI
6FKL]RSKUHQLD
0LFKDHO7ULPEOH
,QVWLWXWHRI1HXURORJ\4XHHQ6TXDUH/RQGRQ8.
2EMHFWLYHV7KHSDSHUZLOO UHYLHZWKHXQGHUO\LQJQHXURDQDWRP\DQGQHX
URSK\VLRORJLFDO¿QGLQJVZKLFKKDYHDFFXPXODWHGRYHUWKH\HDUVZKLFKHP
SKDVLVHDVVRFLDWLRQVEHWZHHQWKHGHYHORSPHQWRISV\FKRVHVDQGXQGHUO\LQJ
HSLOHSV\V\QGURPHV(YHUVLQFHWKHZRUNRI)ORU+HQU\LQWKHVWKHEXU
GHQRIGDWDSRLQWWRDVLJQL¿FDQWFRQWULEXWLRQRIWKHPHGLDOWHPSRUDOOLPELF
VWUXFWXUHVDQGDODWHUDOLW\HIIHFWHPSKDVLVLQJWKHOHIWKHPLVSKHUH7KHPRUH
UHFHQWGDWDH[DPLQLQJERWKKLSSRFDPSXVDQGDP\JGDODZLWKEUDLQLPDJLQJ
LQVFKL]RSKUHQLDDQGLQWKHVFKL]RSKUHQLDOLNHSV\FKRVHVRIHSLOHSV\ZLOOEH
SUHVHQWHGZKLFK UHYHDO LQWHUHVWLQJGLIIHUHQFHVSDUWLFXODUO\ZLWK UHJDUGV WR
WKHDP\JGDOD7KHVHQHXURDQDWRPLFDOGLIIHUHQFHVVHHPWREHUHÀHFWHGLQWKH
VXEWOHFOLQLFDOGLIIHUHQFHVEHWZHHQVFKL]RSKUHQLDDQGWKHVFKL]RSKUHQLDOLNH
SV\FKRVHVRIHSLOHSV\
6
6FKL]RSKUHQLDDQG&RQVFLRXVQHVV
&DUORV5REHUWR+RMDLM
7KH0HOERXUQH,QVWLWXWHRI%LRORJLFDO3V\FKLDWU\0HOERXUQH
$XVWUDOLD

7KH PDMRU GLOHPPD UHVHDUFKLQJ VFKL]RSKUHQLD LV LWV SV\FKRSDWKRORJLFDO
FKDUDFWHUL]DWLRQDQGWKHHVWDEOLVKPHQWRIFRPSUHKHQVLYHQHXURSK\VLRSDWKR
ORJLFDO FRUUHODWLRQV 7KH QXPHURXV FXUUHQW LQWHUQDWLRQDO FODVVL¿FDWLRQV
QHLWKHUJLYHDVDIH LQGLFDWLRQKRZWR LGHQWLI\VFKL]RSKUHQLDQRUSURYLGHD
FRPSUHKHQVLYHSLFWXUHRIWKHGLVHDVH2QWKHRWKHUVLGHWKHGDWDRIIHUHGE\
QHXURVFLHQFHPDNHFRUUHODWLRQVRQO\ZLWKV\PSWRPVIRXQGLQVFKL]RSKUH
QLD DQG LQ RWKHU FRQGLWLRQV DQG QRW RQFHPRUHZLWK WKHZKROH FOLQLFDO
SLFWXUH,VWKHUHDQ\SKHQRPHQRQWKDWFRXOGSV\FKRSDWKRORJLFDOO\FRPSRVH
WKHHVVHQWLDOVFKL]RSKUHQLD",QZKLFKZD\LVSURFHVVHGWKLVWUDQVIRUPDWLRQ
RIJHQHWLFEDVLVVRPDWLFIRXQGDWLRQ":KDWNLQGRIDOWHUDWLRQFRUUHVSRQGV
WRWKHSV\FKRSDWKRORJLFDOHOHPHQWVWKDWFRPSRVHWKHGLVWXUEHGSHUVRQDOLW\"
7KHDXWKRUSURSRVHVWKDWRQO\DQLQWHJUDWHGDSSURDFKSV\FKRSDWKRORJLFDO
QHXURSK\VLRORJLFDOFRXOGJLYHSURSHUDQVZHUV
$FODVVLFDOSKHQRPHQRORJLFDOSV\FKRSDWKRORJ\SHUPLWVWRFRQVLGHUVFKL]R
SKUHQLDDVDGLVHDVHUHODWHGWRWKHHQWLUHSHUVRQDOLW\,QRUGHUWRHYROYHIRU
DFRPSUHKHQVLYHXQGHUVWDQGLQJFRQVFLRXVQHVVLVWDNHQDVWKHSKHQRPHQRQ
FRPSULVLQJWKHPDQLIHVWDWLRQRIWKHSHUVRQDOLW\7KHSUHVHQWDWLRQGHDOVZLWK
DFOLQLFDOSHUVSHFWLYHWRLGHQWLI\VFKL]RSKUHQLDDVSOLWGLVHDVHDIIHFWLQJWKH
ZKROHSHUVRQZKLFKHVVHQWLDOIHDWXUHLVWKHGLVVRFLDWHSV\FKLFSURFHVV
,Q WKH ODVW WZR GHFDGHV D VLJQL¿FDQW GDWD JLYHV H[WUDRUGLQDU\ LPSRUWDQFH
WRFRQVFLRXVQHVVDV UHVXOWRID VSHFLDOEUDLQGHYHORSPHQWDQG LWV LQWULFDWH
FRPSOH[ IXQFWLRQLQJ 6HYHUDO IHDWXUHV OLNH FRQQHFWLYLW\ YDULDELOLW\ SODV
WLFLW\ DELOLW\ WRFDWHJRUL]HGHSHQGHQFHRQYDOXHDQGG\QDPLFVRI UHHQWU\
FRQWULEXWHIRUWKHH[LVWHQFHDQGLQWHJULW\RIFRQVFLRXVQHVV
$ K\SRWKHVLV IRU VFKL]RSKUHQLD SKHQRPHQRORJLFDOO\ GHWHFWHG LV HOLFLWHG
EDVHG RQ VRPH QHXURSK\VLRORJLFDO GLVWXUEHG SURSHUWLHV RI FRQVFLRXVQHVV
7KHYLVLEOHDGYDQWDJHRIVXFKDSSURDFKLVWRRYHUFRPHWKHELDVHGWHQGHQF\
WRORRNIRURQHSDUWLFXODUV\PSWRPDQGRUSDUWLFXODUPHFKDQLVPWRH[SODLQ
VFKL]RSKUHQLD QHXURSV\FKRSDWKRORJLFDOO\ FRQVFLRXVQHVV LV DQ XQLWDULDQ
DQGLQWHJUDWLYHSKHQRPHQRQ
6
6FKL]RSKUHQLD$3URJUHVVLYH%UDLQ'LVRUGHU"
6
/RQJWHUP&RXUVHRI6FKL]RSKUHQLD3RRU2XWFRPHDVDQ
,QGLFDWRURI%UDLQ$OWHUDWLRQV"
+DQV-UJHQ0|OOHU
'HSDUWPHQWRI3V\FKLDWU\/XGZLJ0D[LPLOLDQV8QLYHUVLW\
0XQLFK*HUPDQ\
6LPLODU WR RWKHU ORQJWHUP VWXGLHV WKH UHVXOWV RI WKH0XQLFK\HDU IRO
ORZXS VWXG\ ZKLFK FRPSDUHG WKH RXWFRPH RI ¿UVW KRVSLWDOLVHG SDWLHQWV
ZLWKVFKL]RSKUHQLF VFKL]RDIIHFWLYHDQGDIIHFWLYHSV\FKRVHVGHPRQVWUDWHG
WKDWRQDYHUDJHWKHFRXUVHDQGRXWFRPHRIVFKL]RSKUHQLDLVOHVVIDYRXUDEOH
WKDQ WKDW RI DIIHFWLYH DQG VFKL]RDIIHFWLYH GLVRUGHUV )XUWKHUPRUH LW ZDV
VKRZQ WKDW DW OHDVW D VXEJURXSRI VFKL]RSKUHQLFSDWLHQWVJHQHUDOO\KDYHD
SRRURXWFRPH1HJDWLYHV\PSWRPVRFFXUUHGLQDOOIXQFWLRQDOSV\FKRVHVEXW
ZHUHPRUH IUHTXHQWDQGSURPLQHQW LQ WKHVFKL]RSKUHQLFJURXS WKDQ LQ WKH
WZRRWKHUGLDJQRVWLFJURXSVDWDQ\WLPHRIDVVHVVPHQW1DUURZHUFRQFHSWV
RIQHJDWLYHV\PSWRPVFRQFHSWXDOLVHGDVWKHGH¿FLWV\QGURPHVHHPWREH
VSHFL¿FIRUVFKL]RSKUHQLDDQGDSSHDUTXLWHUDUHO\LQSDWLHQWVZLWKDIIHFWLYH
SV\FKRVLV(VSHFLDOO\ WKH ORQJWHUPRXWFRPHDSSHDUV WREHSUHGRPLQDQWO\
FKDUDFWHULVHG E\ QHJDWLYH V\PSWRPVWKH GH¿FLW V\QGURPH LQ WKH VHQVH
WKDW WKHQHJDWLYHV\PSWRPVGH¿FLW V\QGURPHGLIIHUHQWLDWHPXFKEHWWHU WKH
VFKL]RSKUHQLF IURP WKH DIIHFWLYHVFKL]RDIIHFWLYHSDWLHQWV WKDQ WKHSRVLWLYH
V\PSWRPV:KLOH WKHUH LVVXFKDFOHDUVLJQDO WKDW WKH LQFUHDVHRIQHJDWLYH
V\PSWRPV LV WKH FRUH V\PSWRPDWRORJ\RI VFKL]RSKUHQLD WKH TXHVWLRQKDV
QRW \HW EHHQ IXOO\ DQVZHUHG ZKHWKHU FRJQLWLYH GLVWXUEDQFHV ZKLFK DUH
JHQHUDOO\VHHQDVWKHPRVWUHOHYDQWYXOQHUDELOLW\LQGLFDWRURIVFKL]RSKUHQLD
SURJUHVVLYHO\GHWHULRUDWHRYHUWKHORQJWHUPFRXUVHRIVFKL]RSKUHQLD
+RZGRHVWKLVUHODWHWRWKHFXUUHQWWKHRULHVDQGHPSLULFDOGDWDRQWKHDHWLR
SDWKRJHQVLVRI VFKL]RSKUHQLD"7KHQHXURGHYHORSPHQWDOK\SRWKHVLVZKLFK
LVYHU\EURDGO\DFFHSWHGFDQH[SODLQWKHRULJLQRI WKHGLVHDVHLQ WHUPVRI
YXOQHUDELOLW\ +RZHYHU DW OHDVW LQ D VXEJURXS RI VFKL]RSKUHQLF SDWLHQWV
ZLWK DPRUH FKURQLF GHWHULRUDWLQJ FRXUVH WKHK\SRWKHVLV RI D SURJUHVVLYH
QHXURWR[LFQHXURGHJHQHUDWLYH SURFHVV KDV WR EH WDNHQ LQWR FRQVLGHUDWLRQ
6WUXFWXUDO 05, GDWD IURP VHYHUDO UHVHDUFK JURXSV VXJJHVW HYLGHQFH IRU
VWUXFWXUDOEUDLQFKDQJHVLQWKHFRXUVHRIWKHGLVHDVH7KHVHGDWDDUHLQDF
FRUGDQFH ZLWK RXU0XQLFK05, GDWDEDVH ZKLFK LQFOXGHV GDWD IURP 
SDWLHQWVDQGFRQWUROV7KHVH¿QGLQJVUHTXLUHDGGLWLRQDOUHSOLFDWLRQDQGWKH
VSHFL¿FLW\ IRU VFKL]RSKUHQLFSDWLHQWV LQ FRQWUDVW WRSDWLHQWVZLWK DIIHFWLYH
GLVRUGHUVKDVWREHDVVHVVHG$GGLWLRQDODQDO\VHVVKRZWKDWWKHEUDLQDOWHUD
WLRQVGHPRQVWUDWHGE\05,DQDO\VHVDUHDVVRFLDWHGDPRQJRWKHUVZLWKQHJD
WLYHV\PSWRPV2IJUHDWLQWHUHVWLVWKHOLQNEHWZHHQJHQHWLFDEQRUPDOLWLHVRI
VFKL]RSKUHQLFSDWLHQWVDQGEUDLQDOWHUDWLRQVVKRZQE\05,ZKLFKZLOODO
ORZDEHWWHUXQGHUVWDQGLQJRIWKHVRFDOOHG¿UVWDQGVHFRQGKLW$QRWKHUYLHZ
RIWKHSRVVLEOHSURJUHVVLYHELRORJLFDOFRXUVHRIVFKL]RSKUHQLDLVUHODWHGWR
WKHQHXURWUDQVPLWWHU V\VWHPV HVSHFLDOO\ WR WKHJOXWDPDWH V\VWHP7KHK\
SRWKHVLVRIDJOXWDPDWH³LQWR[LFDWLRQ´ZKLFKPLJKWH[SODLQWKHSURJUHVVLYH
GHWHULRUDWLRQZDVVXJJHVWHGRQWKHEDVLVRIDQLPDOUHVHDUFK
039#(/4)#¬$)3/2$%23¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
)RFDO*UD\0DWWHU&KDQJHVLQ6FKL]RSKUHQLD$FURVVWKH
&RXUVHRIWKH,OOQHVV$)LYH<HDU)ROORZ8S6WXG\
5HQp6.DKQ
5XGROI0DJQXV,QVWLWXWHRI1HXURVFLHQFH'HSDUWPHQWRI3V\FKLD
WU\8QLYHUVLW\0HGLFDO&HQWHU8WUHFKW1HWKHUODQGV
1HHOWMH(0YDQ+DUHQ+LOOHNH(+XOVKRII3RO+XJR*6FKQDFN
:LHSNH&DKQ5HQp&:0DQGO/RXLV'&ROOLQV$ODQ&(YDQV
2EMHFWLYHV5HFHQWYROXPHWULF0DJQHWLF5HVRQDQFH,PDJLQJVWXGLHVKDYH
VXJJHVWHGEUDLQYROXPHFKDQJHV LQVFKL]RSKUHQLD WREHSURJUHVVLYH LQQD
WXUH:KHWKHUWKLVSURJUHVVLYHWLVVXHORVVLQVFKL]RSKUHQLDRFFXUVDFURVVWKH
FRXUVHRIWKHLOOQHVVLVQRWNQRZQ0RUHRYHULWKDVQRWEHHQVWXGLHGZKHWKHU
WKLVLVDJOREDOSURFHVVRUZKHWKHUVRPHEUDLQDUHDVDUHPRUHDIIHFWHGWKDQ
RWKHUV
0HWKRGV ,Q D ¿YH\HDU ORQJLWXGLQDO VWXG\05,ZKROH EUDLQ VFDQV ZHUH
REWDLQHGIURPSDWLHQWVZLWKVFKL]RSKUHQLDDQGPDWFKHGKHDOWK\FRP
SDULVRQVXEMHFWV&KDQJHVRYHU WLPH LQ IRFDOJUD\DQGZKLWHUPDWWHUZHUH
PHDVXUHGZLWKYR[HOEDVHGPRUSKRPHWU\WKURXJKRXWWKHEUDLQ
5HVXOWV 2YHU WKH ¿YH\HDU LQWHUYDO H[FHVVLYH GHFUHDVHV LQ JUD\ PDWWHU
GHQVLW\ZHUH IRXQG LQ SDWLHQWV LQ WKH OHIW VXSHULRU IURQWDO %URGPDQQ DU
HDV OHIW VXSHULRU WHPSRUDOJ\UXV %URGPDQQDUHD ULJKWFDXGDWH
QXFOHXVDQGULJKWWKDODPXVDVFRPSDUHGWRKHDOWK\LQGLYLGXDOV([FHVVLYH
JUD\PDWWHUGHQVLW\GHFUHDVHLQWKHVXSHULRUIURQWDOJUD\PDWWHUZDVUHODWHG
WRLQFUHDVHGQXPEHURIKRVSLWDOL]DWLRQVZKLOHDKLJKHUFXPXODWLYHGRVHRI
FOR]DSLQH DQG RODQ]DSLQH GXULQJ WKH VFDQ LQWHUYDO ZDV UHODWHG WR VPDOOHU
GHFUHDVHVLQWKLVDUHD([FHVVLYHGHFUHDVHLQGHQVLW\LQWKHFDXGDWHQXFOHXV
ZDVUHODWHGWRORZHUXVHRIW\SLFDODQWLSV\FKRWLFPHGLFDWLRQ
&RQFOXVLRQV*UH\PDWWHUGHQVLW\ORVVRFFXUVDFURVVWKHFRXUVHRIWKHLOOQHVV
LQVFKL]RSKUHQLDSUHGRPLQDQWO\LQOHIWVLGHGIURQWDODQGWHPSRUDOFRUWLFHV
0RUHRYHUWKHSURJUHVVLRQLQOHIWIURQWDOGHQVLW\ORVVDSSHDUVWREHUHODWHG
WRDQ LQFUHDVHGQXPEHURISV\FKRWLFHSLVRGHVZLWKDW\SLFDODQWLSV\FKRWLF
PHGLFDWLRQDWWHQXDWLQJWKHVHFKDQJHV
6
,PPXQRORJLFDO0HFKDQLVPVLQ6FKL]RSKUHQLD
1RUEHUW0OOHU
+RVSLWDOIRU3V\FKLDWU\DQG3V\FKRWKHUDS\/XGZLJ0D[LPLOLDQV
8QLYHUVLW\0XQLFK*HUPDQ\
0LFKHDO5LHGHO0DQIUHG$FNHQKHLO0DUNXV-6FKZDU]
2EMHFWLYHV 0RGHUQ LPPXQRORJLFDO PHWKRGV DQG QHZ LQVLJKWV LQWR WKH
KLJKO\GHYHORSHGDQG IXQFWLRQDOO\GLIIHUHQWLDWHG LPPXQHV\VWHPDOORZDQ
LQWHJUDWLYHYLHZRILPPXQRORJLFDODEQRUPDOLWLHVLQPDMRUSV\FKRVHV5HFHQW
DGYDQFHV LQ LPPXQRORJLFDO UHVHDUFKUHJDUGLQJ WKHGLIIHUHQWLDWLRQEHWZHHQ
WKHW\SHDQGW\SHLPPXQHUHVSRQVHDQGWKHVSHFL¿FDQGXQVSHFL¿FDUPV
RIWKHLPPXQHV\VWHPDUHGLVFXVVHG5HFHQWO\VHYHUDOGHVFULSWLRQVVKRZLQJ
WKHLPSDFWRILQÀDPPDWRU\F\WRNLQHVIRUHPRWLRQDODQGFRJQLWLYHSURFHVVHV
KDYHEHHQSXEOLVKHG
0HWKRGV7KLVFRQWULEXWLRQZLOOIRFXVRQWKHUROHRILQÀDPPDWRU\F\WRNLQHV
DQGRIDQWLLQÀDPPDWRU\WKHUDS\LQVFKL]RSKUHQLD
5HVXOWV6FKL]RSKUHQLDLVDGLVRUGHUDVVRFLDWHGZLWKGLVWXUEDQFHVLQHPRWLRQ
DQGLQFRJQLWLRQZKLOHDQWLLQÀDPPDWRU\WKHUDS\ZLWKD&2;LQKLELWRU
LPSURYHVERWKFRJQLWLRQDQGWKHHPRWLRQDOGLVWXUEDQFHV0RGHUQLPPXQR
ORJLFDOPHWKRGVDQGQHZLQVLJKWVLQWRWKHKLJKO\GHYHORSHGDQGIXQFWLRQDOO\
GLIIHUHQWLDWHGLPPXQHV\VWHPDOORZDQLQWHJUDWLYHYLHZRILPPXQRORJLFDO
DEQRUPDOLWLHV LQ PDMRU SV\FKRVHV 5HFHQW DGYDQFHV LQ LPPXQRORJLFDO
UHVHDUFK UHJDUGLQJ WKH GLIIHUHQWLDWLRQ EHWZHHQ WKH W\SH DQG W\SH LP
PXQHUHVSRQVHDQGWKHVSHFL¿FDQGXQVSHFL¿FDUPVRIWKHLPPXQHV\VWHP
DUH GLVFXVVHG7KH XQVSHFL¿F ´LQQDWH´ LPPXQH V\VWHP VKRZV VLJQV RI DQ
RYHUDFWLYDWLRQLQXQPHGLFDWHGVFKL]RSKUHQLFSDWLHQWV,QFUHDVHGOHYHOVRI
,QWHUOHXNLQ,/DQGWKHDFWLYDWLRQRIWKH,/V\VWHPLQVFKL]RSKUHQLD
PLJKW EH WKH UHVXOW RI WKH DFWLYDWLRQ RI W\SH ±PRQRF\WHVPDFURSKDJHV
WRR ,Q FRQWUDU\ VHYHUDO SDUDPHWHUV RI WKH VSHFL¿F FHOOXODU LPPXQH V\V
WHP DUH EOXQWHG HJ WKH GHFUHDVHG W\SH UHODWHG LPPXQH SDUDPHWHUV LQ
VFKL]RSKUHQLF SDWLHQWV ERWK LQYLWUR DQG LQYLYR 7KLV LV LQ OLQH ZLWK DQ
LPPXQRJHQHWLF GHIHFW LQ WKH SURFHVV RI DQWLJHQSUHVHQWDWLRQ DQGPDFUR
SKDJHDFWLYDWLRQ
&RQFOXVLRQV$W\SHW\SHLPEDODQFHZLWKDVKLIWWRWKHW\SHLPPXQH
UHVSRQVH LV DVVRFLDWHG ZLWK VFKL]RSKUHQLD 7KHUH DUH LQGLFDWLRQV WKDW WKH
W\SHW\SH LPEDODQFH LVDVVRFLDWHGZLWKGLIIHUHQWLDODFWLYDWLRQRIDVWUR
F\WHVDQGPLFURJOLDOFHOOVLQWKH&16DQGZLWKDGLIIHUHQWDFWLYDWLRQRIWKH
WU\SWRSKDQN\QXUHQLQHPHWDEROLVP'XULQJWKHUDS\ZLWKDQWLSV\FKRWLFVWKH
VSHFL¿F W\SHUHODWHG LPPXQHDQVZHUEHFRPHVDFWLYDWHGEXWDOVR WKH%
FHOOV\VWHPDQGWKHDQWLERG\SURGXFWLRQ(VSHFLDOO\DW\SLFDODQWLSV\FKRWLFV
VXFKDVFOR]DSLQHKDYHDVWURQJLPPXQRPRGXODWRU\HIIHFW
6
*OXWDPDWHUJLF2YHUDFWLYLW\LQ5HODWLRQWR6FKL]RSKUHQLF
6\PSWRPVDQG%UDLQ$OWHUDWLRQV
-):LOOLDP'HDNLQ
8QLYHUVLW\RI0DQFKHVWHU8.
2EMHFWLYHV'HDNLQ	6LPSVRQSURSRVHGWKDWSV\FKRWLFV\PSWRPV
LQVFKL]RSKUHQLDLQYROYHH[FHVVLYHJOXWDPDWHUHOHDVHDQGWKDWWKLVFRQWULE
XWHV WR QHXURWR[LF GDPDJH WR IURQWRWHPSRUDO FRQQHFWLRQV JLYLQJ ULVH WR
SURJUHVVLYHGHWHULRUDWLRQLQVRPHSDWLHQWV7KLVVXJJHVWVWKDWWKDWNHWDPLQH
 LQGXFHGSV\FKRWLF OLNHV\PSWRPVPLJKWDOVREHPHGLDWHGE\ LQFUHDVHG
JOXWDPDWH UHOHDVH LQ SUHIURQWDO IURQWDO FRUWH[:H WHVWHG WKH K\SRWKHVLV
XVLQJ IXQFWLRQDOPDJQHWLF UHVRQDQFH LPDJLQJ DQG VSHFWURVFRS\ WR IROORZ
UHJLRQDO EUDLQ UHVSRQVHV WR LY NHWDPLQH LQIXVLRQ UHÀHFWHG LQ SUHIURQWDO
LQFUHDVHGEORRGR[\JHQ OHYHO VLJQDO:HGHWHUPLQHGZKHWKHU WKH DQWLFRQ
YXOVDQW JOXWDPDWHUHOHDVH LQKLELWRU ODPRWULJLQHZRXOG DWWHQXDWH NHWDPLQH
HIIHFWV
0HWKRGVI05,LPDJHV3KLOOLSV7HVOD*\URVFDQ$&617ZLWK3RZHU
WUDNJUDGLHQWV7ZHLJKWHGYROXPHVREWDLQHGZLWKDVLQJOHVKRWHFKR
SODQDUSXOVHVHTXHQFH(DFKYROXPHFRPSULVHGRIFRQWLJXRXVD[LDOVOLFHV
PPWKLFNQHVV.HWDPLQHDGPLQLVWUDWLRQEROXVRIPJNJDGPLQLV
WHUHGLYRYHUPLQXWHIROORZHGE\PDLQWHQDQFHLQIXVLRQDWPJNJKU
LY,Q([SHULPHQWVXEMHFWVDWWHQGHGWZLFHDQGUHFHLYHGLYNHWDPLQHRQ
RQHRFFDVLRQDQGSODFHERRQWKHRWKHUKDOIZD\WKURXJKDPLQ05,VFDQ
7KH\WKHQSHUIRUPHG1EDFNDQGIDFHHPRWLRQUHFRJQLWLRQWDVNV,Q([SHUL
PHQWVXEMHFWVDOOUHFHLYHGNHWDPLQHDVEHIRUHEXWKDOIZHUHSUHWUHDWHG
ZLWKPJ ODPRWULJLQH DQGKDOIZLWKSODFHERPLQVEHIRUHNHWDPLQH
6XEMHFWLYH HIIHFWV %356 DQG &$'6 GLVVRFLDWLYH V\PSWRPV$QDO\VLV RI
GLUHFWNHWDPLQHHIIHFW VFDQVDYHUDJHGRYHU VXFFHVVLYHPLQXWHEORFNV
DIWHU NHWDPLQH LQIXVLRQ DQG FRPSDUHGZLWK DYHUDJH SUHLQIXVLRQ EDVHOLQH
VFDQXVLQJ$129$LQ630
5HVXOWV .HWDPLQH HYRNHG LQFUHDVHV LQ PRVW V\PSWRP UDWLQJV DQG PRVW
VKRZHG VLJQL¿FDQW SDUWLDO DWWHQXDWLRQ IROORZLQJ ODPRWULJLQH SUHWUHDW
PHQW,QFUHDVHG%2/'VLJQDOZDVVHHQDIWHUNHWDPLQHLQELODWHUDOLQIHULRU
WHPSRUDO J\UXV GRUVDO	 DQWHULRU FLQJXODWH DQGPHGLDO SUHIURQWDO FRUWH[
:KHWKHUWKLVZDVDWWHQXDWHGE\ODPRWULJLQHSUHWUHDWPHQWLVEHLQJDQDO\VHG
'HFUHDVHG %2/' VLJQDO IROORZLQJ NHWDPLQH ZDV FRQ¿QHG WR VXEJHQXDO
FLQJXODWH FRUWH[ .HWDPLQH VLJQL¿FDQWO\ PRGXODWHG 1EDFN DFWLYDWLRQ LQ
KLSSRFDPSXVDQGIDFHHPRWLRQDFWLYDWLRQLQDP\JGDOD
&RQFOXVLRQV 7KH UHVXOWV DUH FRPSDWLEOH ZLWK WKH WKHRU\ WKDW VXEMHFWLYH
HIIHFWVRINHWDPLQHDUHPHGLDWHGE\HQKDQFHGJOXWDPDWHUHOHDVHLQPHGLDO
SUHIURQWDOFRUWH[.HWDPLQHDWWHQXDWHGPHPRU\DQGHPRWLRQSURFHVVLQJLQ
KLSSRFDPSXVDQGDP\JGDODDQGWKLVFRXOGPRGHOVRPHRIWKHGH¿FLWV\PS
WRPVRIVFKL]RSKUHQLD
5HIHUHQFHV
'HDNLQ -): DQG 6LPSVRQ0'& $ WZRSURFHVV WKHRU\ RI VFKL]R
SKUHQLDHYLGHQFHIURPVWXGLHVLQSRVWPRUWHPEUDLQ-RXUQDORI3V\FKLDWU\
5HVHDUFK
6
7KH1HXURELRORJ\RI3URJUHVVLRQLQ6FKL]RSKUHQLD
3HWHU)DONDL
'HSDUWPHQWRI3V\FKLDWU\6DDUODQG8QLYHUVLW\+RVSLWDO*HUPDQ\
2EMHFWLYHV6WUXFWXUDOLPDJLQJLQSRVWPRUWHPVWXGLHVUHYHDOGDQJHUVLQWKH
EUDLQVSDWLHQWVVXIIHULQJIURPVFKL]RSKUHQLD%HVLGHYROXPHUHGXFWLRQRIWKH
ZKROHEUDLQLQFUHDVHRIWKHYHQWULFXODUV\VWHPWKHUHLVUHGXFHGJUH\PDWWHU
YROXPH HVSHFLDOO\ LQ IURQWRWHPSRUDO UHJLRQV LQFOXGLQJ WKH KLSSRFDPSDO
IRUPDWLRQ8S WRQRZ LW LVQRWHQWLUHO\FOHDUZKHUH WKHVHYROXPHFKDQJHV
FRPH IURP7KUHH VRXUFHV KDYH WR EH GLVFXVVHG YXOQHUDELOLW\ DVVRFLDWHG
DVVRFLDWHG ZLWK WKH GHYHORSPHQW RI ¿UVW EUHDN LOOQHVV DQG FRXUVH RI WKH
LOOQHVV7KHUHLVVRPHHYLGHQFHHVSHFLDOO\IURPEUDLQLPDJLQJVWXGLHVVXJ
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
JHVWLQJWKDWHVSHFLDOO\LQIURQWDOFRUWLFDODUHDVDYROXPHUHGXFWLRQRYHUWLPH
ZKLFKLVSRVVLEO\FRQQHFWHGWRWKHSURJUHVVLRQRIWKHLOOQHVVLQLWVHOIFDQEH
GHWHUPLQHG
0HWKRGVDQG5HVXOWV)RFXVVLQJRQIURQWDOWHPSRUDOUHJLRQVXVLQJWKH*/,
WHFKQLTXHQRHYLGHQFHIRUQHXURQDOORVVZDVIRXQGLQ%URGPDQQDUHDV
DQGWKHKLSSRFDPSXV/RRNLQJIRUDFODVVLFDOGHJHQHUDWLYHSURFHVVDVWUR
JOLDOGHQVLWLHVZHUHGHWHUPLQHGLQVHYHUDOFRUWLFDODQGVXEFRUWLFDOVWUXFWXUHV
LQFOXGLQJ WKH KLSSRFDPSXV1R VLJQL¿FDQW LQFUHDVH RI DVWURJOLDO GHQVLWLHV
ZHUHIRXQGRYHUDOOZLWKWKHH[FHSWLRQRIWKHIURQWDOOREHZKHUHDVLJQL¿FDQW
GHFUHDVHZDVIRXQG/RRNLQJIRUPRUHVXEWOHVLJQVRIQHXURGHJHQHUDWLRQD
PLFURJOLDOPDUNHUZDVGHWHUPLQHGLQWKHIURQWDOFRUWH[DQGKLSSRFDPSXV,Q
DERXWWKLUGRIWKHSDWLHQWVLQFUHDVHGPLFURJOLDODFWLYDWLRQZDVIRXQG7KLV
¿QGLQJLVFRXQWO\UHSOLFDWHGXVLQJDGGLWLRQDOPDUNHUV,QDVXEVHTXHQWVWXG\
XVLQJTXDOLWDWLYH573&5LWLVH[DPLQHGZKHWKHUUHGXFHGH[SUHVVLRQRIWKH
FXUUHQWO\GHVFULEHGULVNJHQHVG\VELQGLQDQGQHXUHJXOLQDUHDVVRFLDWHGZLWK
FKDQJHRIPLFURJOLDOPDUNHUV
&RQFOXVLRQV 7KHUH LV HYLGHQFH RI SURJUHVVLYH YROXPH UHGXFWLRQ LQ WKH
FRUWLFDOJUH\YROXPHHVSHFLDOO\LQWKHIURQWDOOREHLQVFKL]RSKUHQLD7KHUH
DUHQRVLJQVRIFODVVLFDOQHXURJHQHUDWLRQ LQ WKHVHUHJLRQV&XUUHQWO\RWKHU
PHFKDQLVPVDUHH[SORUHGZKLFKZRXOGDFFRXQWIRUWKLVDW\SLFDOGHJHQHUD
WLYHSURJUHVV
6
7KH$SSOLFDWLRQRI'LIIXVLRQ7HQVRU0DJQHWLF5HVRQDQFH
,PDJLQJWR8QGHUVWDQGLQJ%UDLQ$EQRUPDOLWLHVLQ
6FKL]RSKUHQLD
6
)XQFWLRQDO&RUUHODWHVRI'7,LQ6FKL]RSKUHQLD
.HOYLQ/LP
8QLYHUVLW\RI0LQQHVRWD86$
2EMHFWLYHV'LIIXVLRQ7HQVRU,PDJLQJ'7,KDVHPHUJHGDVDQLPSRUWDQW
WRRO IRU WKH TXDQWLWDWLYH H[DPLQDWLRQ RI ZKLWH PDWWHU PLFURVWUXFWXUH LQ
VFKL]RSKUHQLD5HFHQWJHQHH[SUHVVLRQDQGQHXURSDWKRORJLFDOVWXGLHVKDYH
LGHQWL¿HGSUREOHPVZLWKP\HOLQDQGROLJRGHQGURF\WHVLQVFKL]RSKUHQLDSUR
YLGLQJDSRWHQWLDOQHXURELRORJLFDOH[SODQDWLRQIRUWKHLQYLYR'7,¿QGLQJV
:KLWHPDWWHU IRUPV WKHDQDWRPLFDOEDVLVRIFRQQHFWLYLW\ZLWKLQ WKHEUDLQ
$OWHUDWLRQLQZKLWHPDWWHURUJDQL]DWLRQDQGVWUXFWXUHZRXOGEHSUHVXPHGWR
KDYHDQHJDWLYHHIIHFWRQEUDLQIXQFWLRQ,QYHVWLJDWRUVKDYHEHJXQWRH[DP
LQHWKHSRWHQWLDOIXQFWLRQDOFRQVHTXHQFHVRILPSDLUHGZKLWHPDWWHULQWHJULW\
7KHSXUSRVHRIWKLVDUWLFOHLVWRUHYLHZZRUNDVVHVVLQJIXQFWLRQDOFRUUHODWHV
RIZKLWHPDWWHU'7,LQVFKL]RSKUHQLD
0HWKRGV 3XEOLVKHG DUWLFOHV DQG QHZ GDWD GHDOLQJZLWK WKH WRSLFZLOO EH
UHYLHZHGDQGVXPPDUL]HG
5HVXOWV $ YDULHW\ RI PHWKRGV IRU H[DPLQLQJ DVVRFLDWLRQV RI IXQFWLRQDO
PHDVXUHV DQG'7,KDYHEHHQHPSOR\HG$FRPPRQPHWKRG LV WKH LGHQWL
¿FDWLRQ RI D UHJLRQ RI LQWHUHVW GH¿QHG HLWKHUPDQXDOO\ RU DXWRPDWLFDOO\
IURPZKLFKFRUUHODWLRQVDUHSHUIRUPHGZLWKWKHGHVLUHGIXQFWLRQDOPHDVXUH
:KROHEUDLQYR[HOEDVHGWHFKQLTXHVKDYHDOVREHHQDSSOLHG7KHUHLVPXFK
LQWHUHVW DQG GHYHORSPHQW RIPHWKRGV HPSOR\LQJ D WUDFW WUDFLQJ DSSURDFK
WDNLQJ DGYDQWDJH RI WKH GLUHFWLRQDO LQIRUPDWLRQ SUHVHQW LQ WKH GLIIXVLRQ
WHQVRU
&RQFOXVLRQV )XQFWLRQDO FRUUHODWHV ZLWK '7, KDYH EHHQ REVHUYHG XVLQJ
FOLQLFDOPHDVXUHVVXFKDVQHJDWLYHV\PSWRPVDQGZLWKFRJQLWLYHPHDVXUHV
VXFKDVPHPRU\DQGH[HFXWLYH IXQFWLRQLQJ7KHVH W\SHVRIVWXGLHVVKRXOG
KHOS WKH ¿HOG H[DPLQH WKH IXQFWLRQDO DVVRFLDWLRQV RI DOWHUHGZKLWHPDWWHU
LQWHJULW\ DV PHDVXUHG ZLWK '7, )XWXUH RSSRUWXQLWLHV PD\ H[LVW LQ XVLQJ
FRPSOHPHQWDU\PHWKRGV RI DVVHVVLQJZKLWHPDWWHU VXFK DVPDJQHWL]DWLRQ
WUDQVIHU VSHFWURVFRS\ DQG 7 UHOD[RJUDSK\ DQG LQWHJUDWLQJ LQIRUPDWLRQ
IURP'7,ZLWKIXQFWLRQDO05,
6
$QDWRPLFDO'LVFRQQHFWLRQLQ6FKL]RSKUHQLD(YLGHQFHIURP
'LIIXVLRQ7HQVRU,PDJLQJ
0DUHN.XELFNL
+DUYDUG0HGLFDO6FKRRO86$
&):HVWLQ+-3DUN1.XURNL5:0F&DUOH\0(6KHQWRQ
2EMHFWLYHV :KLWH PDWWHU FRQQHFWLRQV EHWZHHQ WKH IURQWDO DQG WHPSRUDO
OREHVKDYHEHHQORQJVXVSHFWHGWRSOD\DPDMRUUROHLQWKHSV\FKRSDWKRORJ\
RIVFKL]RSKUHQLD'7,LVRQHRIWKH¿UVWLQYLYRWRROVXVHGWRHYDOXDWHDQG
TXDQWLI\ WKHVHFRQQHFWLRQV LQ VFKL]RSKUHQLD7KHJRDORIRXU VWXGLHV LV WR
GHOLQHDWHDQGTXDQWLI\FRKHUHQFHDQGLQWHJULW\RIZKLWHPDWWHU¿EHUEXQGOHV
FRQQHFWLQJIURQWDODQGWHPSRUDOEUDLQUHJLRQV
0HWKRGV:HSUHVHQW IUDFWLRQDO DQLVRWURS\ )$ UHVXOWV IURP WKUHHPDMRU
IURQWDOWHPSRUDO ¿EHU WUDFWV  XQFLQDWH IDVFLFXOXV 8)Q  FKURQLF
SDWLHQWVQ FRQWUROVFLQJXOXPEXQGOH&%Q FKURQLFSDWLHQWV
Q  FRQWUROV DQG  IRUQL[ Q  FKURQLF SDWLHQWV Q  FRQWUROV ,Q
DGGLWLRQZHSUHVHQWUHVXOWVIURPDYR[HOEDVHGDQDO\VLVRI)$GLIIHUHQFHV
EHWZHHQFKURQLFVFKL]RSKUHQLFVDQGFRQWUROV
5HVXOWV2XUVWXGLHVUHYHDOHGDODFNRIOHIW!ULJKWDV\PPHWU\RIWKH8)LQ
VFKL]RSKUHQLFV DVZHOO DVGHFUHDVHG LQWHJULW\RI&%DQGGHFUHDVHG)$ LQ
WKHIRUQL[LQSDWLHQWVGLDJQRVHGZLWKFKURQLFVFKL]RSKUHQLDFRPSDUHGZLWK
FRQWUROV0RUHRYHUPHDVXUHVRIIRUQL[LQWHJULW\ZHUHFRUUHODWHGZLWKKLS
SRFDPSDOYROXPHZKLOH&%LQWHJULW\ZDVFRUUHODWHGZLWKPHDVXUHVRIHUURU
PRQLWRULQJ)LQDOO\DYR[HOEDVHGDQDO\VLVFRQ¿UPHGJURXSGLIIHUHQFHVLQ
&%)RUQL[ DQG8) DQG LQ DGGLWLRQSRLQWHG WR WKH DUFXDWH IDVFLFXOXV DQG
LQWHUQDOFDSVXOHVDVSRVVLEOHVRXUFHVRI)$JURXSGLIIHUHQFHV
&RQFOXVLRQV2XUGDWDSURYLGHVWURQJHYLGHQFHIRUDGLVUXSWLRQRIDQDWRPL
FDO FRQQHFWLYLW\ EHWZHHQ WKH IURQWDO DQG WHPSRUDO OREHV DQG VXJJHVW WKDW
VXFK GLVUXSWLRQV PD\ EH FUXFLDO WR XQGHUVWDQGLQJ WKH QHXURSDWKRORJ\ RI
VFKL]RSKUHQLD
5HIHUHQFHV
3DUN+-.XELFNL06KHQWRQ0(*XLPRQG$0F&DUOH\5:0DLHU6(
.LNLQLV5-ROHV]):HVWLQ&)6SDWLDO1RUPDOL]DWLRQRI'LIIXVLRQ
7HQVRU05,8VLQJ0XOWLSOH&KDQQHOV1HXURLPDJH
.XELFNL0:HVWLQ&)0F&DUOH\5::LEOH&* )UXPLQ00DLHU 6(
.LNLQLV5-ROHV])$6KHQWRQ0(&LQJXODWH)DVFLFXOXV,QWHJULW\
'LVUXSWLRQLQ6FKL]RSKUHQLD$0DJQHWLF5HVRQDQFH'LIIXVLRQ7HQVRU,PDJ
LQJ6WXG\%LRO3V\FKLDWU\
.XELFNL0:HVWLQ&)0DLHU6)UXPLQ01HVWRU3*6DOLVEXU\'.LNLQLV
5 -ROHV] )$ 0F&DUOH\ 5$ 6KHQWRQ 0(  8QFLQDWH )DVFLFXOXV
)LQGLQJVLQ6FKL]RSKUHQLD$0DJQHWLF5HVRQDQFH'LIIXVLRQ7HQVRU,PDJ
LQJ6WXG\$P-3V\FKLDWU\
.XURNL 1 HW DO  )RUQL[ ,QWHJULW\ DQG +LSSRFDPSDO 9ROXPH LQ
6FKL]RSKUHQLD%LRO3V\FKLDWU\6
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
'LIIXVLRQ7HQVRU,PDJLQJLQ%LSRODU6SHFWUXP,OOQHVVHV
0HKPHW+D]QHGDU
0RXQW6LQDL6FKRRORI0HGLFLQH1HZ<RUN86$
0RQWH6%XFKVEDXP(OL]DEHWK0/L&DO]L6WHIDQR3DOODQWL
'DYLG6FKQXU(ULF+ROODQGHU
2EMHFWLYHV2QHRIWKHPRVWFRQVLVWHQW¿QGLQJVRIVWUXFWXUDOQHXURLPDJLQJ
VWXGLHV RI ELSRODU GLVRUGHU LV ZKLWH PDWWHU K\SRGHQVLWLHV 7KH GLVUXSWLRQ
ZKLWH PDWWHU K\SRGHQVLWLHV LQ FRQQHFWLRQ RI WKH OLPELF FRUWH[EDVDO
JDQJOLDWKDODPRFRUWLFDO FLUFXLW DORQHPD\ EH UHVSRQVLEOH IURP WKHPRRG
G\VUHJXODWLRQLQELSRODUGLVRUGHUDVHYLGHQFHGLQSDWLHQWVZLWKFHUHEURYDV
FXODUDFFLGHQWV
0HWKRGV,QWKHFXUUHQWVWXG\SDWLHQWVPHDQDJH 6' ZLWK
ELSRODU GLVRUGHU VSHFWUXP %36 ELSRODU W\SH ,  ELSRODU W\SH ,, 
F\FORWK\PLD  DQG  FRQWURO VXEMHFWV PHDQ DJH  6'  KDG
GLIIXVLRQWHQVRULPDJLQJ'7,3DWLHQWVZHUHVFDQQHGRQD*(6LJQD7
LQVWUXPHQWXVLQJSXOVHGJUDGLHQWVSLQHFKRIRUGLIIXVLRQZHLJKWLQJIROORZHG
E\DVWDQGDUG(FKR3ODQDU,PDJLQJSXOVHVHTXHQFH)RUHDFKLQGLYLGXDOWKH
05,VOLFHVFRUUHVSRQGLQJWR0DWVXL+LUDQR$WODVDQGRIWKHKHDG
KHLJKWZHUH LGHQWL¿HGPDQXDOO\&RRUGLQDWHVRI WKHDQWHULRUDQGSRVWHULRU
OLPERILQWHUQDOFDSVXODDQG¿YHUHJLRQVRILQWHUHVWLQIURQWDOZKLWHPDWWHU
ZHUHGH¿QHGXVLQJWKH7DODLUDFK7RXUQRX[$WODV7KHVHVWHUHRWD[LFFRRUGL
QDWHVZHUHWKDQDSSOLHGWR'7,VFDQVRIWKHHQWLUHJURXSDQGZHPHDVXUHG
DQLVRWURS\LQD;SL[HODUHD$129$¶VZHUHSHUIRUPHGWR
PHDVXUHJURXSGLIIHUHQFHV
5HVXOWV%36SDWLHQWVKDGVLJQL¿FDQWDOWHUDWLRQVLQDQLVRWURS\LQWKHSRVWH
ULRULQWHUQDOFDSVXODDQGWKHIURQWDOFRUWH[$QLVRWURS\PHDVXUHPHQWVRIWKH
ZKLWHPDWWHU LQ WKHFLQJXODWHJ\UXV ODWHUDO WHPSRUDOFRUWH[RUELWRIURQWDO
FRUWH[DQGPHGLDOIURQWDOFRUWH[
DVVHVVHG E\ D VWHUHRWDFWLF SURJUDP VKRZHG D UDQJH RI DOWHUDWLRQV LQ%36
FRPSDUHGZLWKFRQWUROV
&RQFOXVLRQV7KHUHDUHZKLWHPDWWHUK\SRGHQVLWLHVLQWKHFRQQHFWLRQRIWKH
OLPELF FRUWH[EDVDO JDQJOLDWKDODPRFRUWLFDO FLUFXLW DQG FOLQLFDO LPSOLFD
WLRQVRIWKHVH¿QGLQJVZLOOEHGLVFXVVHG
6
'705,$QDO\VLV0HWKRGVRI:KLWH0DWWHULQ6FKL]RSKUHQLD
&DUO)UHGULN:HVWLQ
+DUYDUG0HGLFDO6FKRRO86$
0DUHN.XELFNL$QGHUV%UXQ0DUWKD6KHQWRQ
2EMHFWLYHV7RGDWHPRVWPDJQHWLF UHVRQDQFH LPDJLQJ 05,¿QGLQJV LQ
VFKL]RSKUHQLD KDYH UHYHDOHG JUD\ PDWWHU DEQRUPDOLWLHV 7KH DQDO\VLV RI
ZKLWHPDWWHUKDVEHHQ OLPLWHGE\H[LVWLQJ WHFKQRORJ\EXWZLWK WKHDUULYDO
RI'705,ZHQRZKDYH WKH WRROV WR LQYHVWLJDWHPRUH IXOO\ZKLWHPDWWHU
DEQRUPDOLWLHVDQGWKHLUFRQWULEXWLRQWRWKHHWLRORJ\DQGSDWKRSK\VLRORJ\RI
VFKL]RSKUHQLD7KLVWHFKQRORJ\¿UVWDSSOLHGWRKXPDQVWRLQYHVWLJDWHVWURNH
KDVPRUHUHFHQWO\EHHQDSSOLHGWRVFKL]RSKUHQLDZKHUHZKLWHPDWWHUDEQRU
PDOLWLHVKDYHEHHQUHSRUWHG7KHREMHFWLYHVRIWKHFXUUHQWZRUNDUHWRGHWHFW
DQGWRORFDOL]HZKLWHPDWWHUEUDLQDEQRUPDOLWLHVLQVFKL]RSKUHQLDXVLQJQHZ
'705,SRVWSURFHVVLQJWHFKQLTXHV
0HWKRGV:HGLVFXVV'705,7UDFWRJUDSK\PHWKRGVDQGPHWKRGVWRJURXS
¿EHUVLQWRUHJLRQVRI¿EHUVRILQWHUHVWV*LYHQDVHWRI¿EHUWUDFHVREWDLQHG
IURP¿EHUWUDFNLQJWKHJRDOLVWRJURXSWKHPDFFRUGLQJWRDFULWHULRQEDVHG
RQ FRQQHFWLYLW\ RU ¿EHU VKDSH VR DV WR UHYHDO DQDWRPLFDOO\ PHDQLQJIXO
EXQGOHVRI¿EHUWUDFHV'HSHQGLQJRQWKHDSSOLFDWLRQWKH¿QDOUHVXOWFDQEH
SUHVHQWHGLQHLWKHU¿EHURUYR[HOVSDFH
5HVXOWV:HDSSOLHGRXU UHFHQWPHWKRG WRJURXS¿EHU WUDFHV LQWRGLVFUHWH
FOXVWHUVXVLQJDPHWKRGFDOOHG1RUPDOL]HG&XWV%UXQHWDO)URP
GLVFUHWH FOXVWHUV RI ¿EHU WUDFHVZH FUHDWHG VHJPHQWDWLRQ RIZKLWHPDWWHU
ZKLFKZDV WKHQXVHGDV52,V IRU IXUWKHUTXDQWLWDWLYH DQDO\VLV7KLV WHFK
QLTXHZDVDSSOLHGWRWKHUHVXOWRI'705,WUDFWRJUDSK\RIWKH8QFLQDWH)DV
FLFXOHV8)DQGUHVXOWHGLQWKHVHSDUDWLRQRIWKH8)WKURXJKWKHWHPSRUDO
VWHPLQWRWZRPDMRU¿EHUEXQGOHV
&RQFOXVLRQV 7KHVH ¿QGLQJV VXJJHVW WKDW ¿EHU FOXVWHULQJ WHFKQLTXHV FDQ
EHXVHGWRDXWRPDWLFDOO\VHSDUDWH WUDFWRJUDSK\UHVXOWV LQWRGLIIHUHQW52,V
:KLOH WKHUH DUH VWURQJ LQGLFDWLRQV WKDW '705, UHYHDOV LQIRUPDWLRQ RI
WKH¿EHUSDWKZD\V LQ WKHEUDLQ ,W LV LPSRUWDQWQRQHWKHOHVV WRHPSKDVL]H
WKDWZKDW LVEHLQJPHDVXUHG LVZDWHUGLIIXVLRQDQGQRW¿EHUV7KHUHVXOWV
KRZHYHUDUHSURPLVLQJDQGVXJJHVWWKDWIXWXUH'705,VWXGLHVZLOOQHHGWR
IRFXVRQFRPSDULQJGLIIXVLRQWHQVRUVWRGHWDLOHGWLVVXHSURSHUWLHVLPSRUWDQW
IRU¿EHUSDWKWUDFWRJUDSK\DVZHOODVFURVVLQJ¿EHUV
5HIHUHQFHV
%UXQ$.QXWVVRQ+3DUN+-6KHQWRQ0(:HVWLQ&)&OXVWHULQJ
¿EHUWUDFWVXVLQJQRUPDOL]HGFXWV,Q6HYHQWK
,QWHUQDWLRQDO&RQIHUHQFHRQ0HGLFDO,PDJH&RPSXWLQJDQG&RPSXWHU$V
VLVWHG,QWHUYHQWLRQ0,&&$,µ5HQQHV6DLQW
0DOR)UDQFHSS
%UXQ$3DUN+-.QXWVVRQ+:HVWLQ&)&RORULQJRI'705,¿EHU
WUDFHVXVLQJODSODFLDQHLJHQPDSV,Q50'LD]
$4$UHQFLELD HGV &RPSXWHU$LGHG 6\VWHPV 7KHRU\ (852&$67µ
/HFWXUH1RWHVLQ&RPSXWHU6FLHQFH/DV
3DOPDVGH*UDQ&DQDULD6SDLQ6SULQJHU9HUODJSS
6
'LIIXVLRQ7HQVRUDQG5HJLRQDO:KLWH0DWWHU9ROXPHLQ
6FKL]RSKUHQLD
0RQWH6%XFKVEDXP
0RXQW6LQDL6FKRRORI0HGLFLQH'HSDUWPHQWRI3V\FKLDWU\1HZ
<RUN1<86$
$GDP%ULFNPDQ0HKPHW+D]QHGDU6HUJH0LWHOPDQ
-DVRQ6FKQHLGHUPDQ/LQD6KLKDEXGGLQ
:H H[DPLQHG WKH VWUXFWXUDO FRUUHODWHV RI VFKL]RSKUHQLD LQ WZR FRKRUWV
+LJKUHVROXWLRQDQDWRPLFDODQGGLIIXVLRQWHQVRU05LPDJHVZHUHDFTXLUHG
LQDGXOWSDWLHQWVZLWKVFKL]RSKUHQLDQ DQGQRUPDODGXOWFRPSDULVRQ
VXEMHFWVQ 3DWLHQWVZHUHGLYLGHGLQWRJRRGRXWFRPHQ DQGSRRU
RXWFRPH.UDHSHOLQLDQQ VXEW\SHVEDVHGRQWKHLUDELOLW\IRUVHOIFDUH
:H DOVR H[DPLQHG D VXEVHW RI  VFKL]RSKUHQLF DGXOWV DQG DQ DGGLWLRQDO
 DGROHVFHQWV P I PHDQ DJH  6'  UDQJH  H[
SHULHQFLQJ WKHLU ¿UVW SV\FKRWLF HSLVRGH DQG DJH DQG VH[PDWFKHG QRUPDO
DGROHVFHQWV PIPHDQDJH%UDLQ LPDJHVZHUHVWHUHRWD[LFDOO\
GLYLGHGLQWR%URGPDQQDUHDVDQGJUD\DQGZKLWHPDWWHUVHJPHQWHGDQG
YROXPHWULFDOO\TXDQWL¿HG%RWKHDUO\DQGODWHRQVHWSDWLHQWVKDGYROXPHWULF
UHGXFWLRQVLQWKHIURQWDODQGWHPSRUDOOREHLQFRPSDULVRQZLWKDJHPDWFKHG
QRUPDOYROXQWHHUV3DWLHQWVZLWKHDUO\RQVHWVFKL]RSKUHQLDKDGPRUHPDUNHG
YROXPHWULFGH¿FLWV WKDQROGHUSDWLHQWVDQG WKHVHZHUHPRVWPDUNHG LQ WKH
JUD\ PDWWHU RI WKH OHIW WHPSRUDO OREH:KLWH PDWWHU ZDV PRVW GHFUHDVHG
LQ WKHPHGLDO IURQWDO OREHFLQJXODWHJ\UXVDQGIURQWDOSROHDQGUHODWLYHO\
LQFUHDVHG LQ RWKHU IURQWDO DQG WHPSRUDO DUHDV 'LIIXVLRQ WHQVRU DQDO\VLV
VKRZHGORZHUWKDQQRUPDOFLQJXODWHDQLVRWURS\LQDGXOWVZLWKVFKL]RSKUHQLD
EXWKLJKHUYDOXHVWKDQQRUPDOLQDGROHVFHQWVZLWKVFKL]RSKUHQLD$VLPLODU
SDWWHUQZDVVHHQLQWKHDQWHULRUWKDODPLFUDGLDWLRQV7KHVHGDWDVXJJHVWWKDW
JUD\PDWWHUYROXPHGHFUHDVH LQ VFKL]RSKUHQLD LVPRUHPDUNHG WKDQZKLWH
PDWWHU YROXPH GHFUHDVH EXW WKHZKLWHPDWWHU LVPRUH GLVRUJDQL]HG DV DV
VHVVHGE\DQLVRWURS\PHDVXUHV
6
7KH,PSDFWRI*HQRPLFVRQ6FKL]RSKUHQLD)LUVW
6FKL]RSKUHQLD*HQHV
6
6FKL]RSKUHQLD)URP7UDQVFULSWRPLFVWR*HQHWLFV"
.iURO\0LUQLFV
8QLYHUVLW\RI3LWWVEXUJK86$
2EMHFWLYHV 2XU VWXGLHV IRFXV RQ LGHQWLI\LQJ FRPSOH[ JHQH H[SUHVVLRQ
FKDQJHVLQWKHSUHIURQWDOFRUWH[RIVXEMHFWVZLWKVFKL]RSKUHQLDDQGH[SORU
LQJKRZWKHVHDOWHUHGWUDQVFULSWRPHSDWWHUQVPD\DULVH
0HWKRGV/DUJHVFDOHDQDO\VLVRIJHQHH[SUHVVLRQLQSRVWPRUWHPEUDLQKDV
WKH SRWHQWLDO WR HOXFLGDWH PROHFXODU FKDQJHV WKDW RFFXU LQ GLVHDVH VWDWHV
LQFOXGLQJ VFKL]RSKUHQLD '1$ PLFURDUUD\ WHFKQRORJLHV KDYH HQDEOHG UH
VHDUFKHUVWRDQDO\]HFRPSOH[JHQHH[SUHVVLRQFKDQJHVIRUWHQVRIWKRXVDQGV
RIJHQHV7KHUHYHDOHG WUDQVFULSWRPHFKDQJHVRIWHQGH¿QHH[SUHVVLRQVLJ
QDWXUHVGLVHDVHVWDWHVLGHQWLI\LQJSDWWHUQVWKDWVXJJHVWSUHYLRXVO\XQNQRZQ
PROHFXODULQWHUDFWLRQV)XUWKHUPRUH WKH\PD\KDYHDSRWHQWLDO WRLGHQWLI\
SUHYLRXVO\XQNQRZQGLVHDVHVXVFHSWLELOLW\JHQHV
039#(/4)#¬$)3/2$%23¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
5HVXOWV ,Q RXU UHFHQW '1$PLFURDUUD\ VWXGLHV ZH XQFRYHUHG QRYHO DQG
FRQVLVWHQWJHQHH[SUHVVLRQSDWWHUQV LQ WKHSUHIURQWDO FRUWH[RI LQGLYLGXDOV
ZLWKVFKL]RSKUHQLDZKHQFRPSDUHGWRPDWFKHGFRQWUROV:HREVHUYHGUREXVW
FKDQJHVLQWKHH[SUHVVLRQRIJHQHVUHODWHGWRSUHV\QDSWLFVHFUHWRU\UHOHDVH
7UDQVFULSWV IRU 6\QDSVLQ  1HWK\OPDOHLPLGHVHQVLWLYH IDFWRU 61$3V
YHVLFXODU SURWRQ SXPSV DQG  OHYHOVZHUH GHFUHDVHG LQ WKHPDMRULW\
RI FRPSDULVRQV DOEHLW LQ D VXEMHFWVSHFL¿FPDQQHU)XUWKHUPRUHZH DOVR
XQFRYHUHG FRQVLVWHQW WUDQVFULSWV UHODWHG WR*$%$HUJLF DQG JOXWDPDWHUJLF
WUDQVPLVVLRQ ZKLFK PD\ EH VHFRQGDU\ WR DOWHUHG SUHV\QDSWLF GULYH ,Q
DGGLWLRQ VXEMHFWV ZLWK VFKL]RSKUHQLD DOVR UHSRUWHG FRQVLVWHQW WUDQVFULSW
GHFUHDVHV RI PXOWLSOH JHQHV SDUWLFLSDWLQJ LQ YDULRXV HQHUJ\ PHWDEROLVP
SDWKZD\V DQG XELTXLQDWLRQZKLFKPD\ EH DOVR UHODWHG WR WKH SUHV\QDSWLF
JHQH H[SUHVVLRQ DOWHUDWLRQV 7KH VDPH PLFURDUUD\ GDWD VHW DOVR UHYHDOHG
PXOWLSOH FKDQJHV WKDW RFFXU DW WKH SRVWV\QDSWLF FHOO7KHVH DPRQJVW RWK
HUVH[SUHVVLRQRI$03$UHJXODWRURI*SURWHLQVLJQDOLQJ5*6DQG
PXOWLSOH JHQHV LQYROYHG LQ *3&5 VLJQDOOLQJ ZHUH DOWHUHG 6RPH RI WKH
JHQHVZLWKDOWHUHGH[SUHVVLRQDOVRVKDUHGFRPPRQUHJXODWRU\VHTXHQFHVLQ
WKHLUSURPRWHUUHJLRQ,WLVLPSRUWDQWWRSRLQWRXWWKDWWUDQVFULSWRPHDOWHUD
WLRQVREVHUYHGLQVFKL]RSKUHQLDVKRZHGDVXEMHFWVSHFL¿FSDWWHUQ7KDWLV
DOWKRXJKDOOVXEMHFWVVKRZHGGHFUHDVHGH[SUHVVLRQRIPXOWLSOHSUHV\QDSWLF
JHQHSURGXFWVWKHVSHFL¿FFRPELQDWLRQRIDIIHFWHGWUDQVFULSWVYDULHGIURP
VXEMHFWWRVXEMHFW7KLV¿QGLQJVWURQJO\DUJXHVIRUDFRQWLQXLW\RIPROHFXODU
SKHQRW\SHVLQVFKL]RSKUHQLDWKDWLVOLNHO\WREHUHODWHGWRWKHYDULDELOLW\LQ
WKHFOLQLFDOPDQLIHVWDWLRQVRIWKHGLVHDVH,QFRQWUDVWLQDVWXG\RIFKURQLF
KDORSHULGRO RU RODQ]DSLQHWUHDWHG PRQNH\V ZH GLG QRW GHWHFW WUDQVFULSW
DOWHUDWLRQVIRUWKHVDPHSUHV\QDSWLFDQGSRVWV\QDSWLFJHQHV7KLVVXJJHVWV
WKDWWKHXQFRYHUHGH[SUHVVLRQFKDQJHVLQVFKL]RSKUHQLDPD\QRWEHUHVXOWRI
FKURQLFDQWLSV\FKRWLFWUHDWPHQW
&RQFOXVLRQV 7KH H[SUHVVLRQ FKDQJHV ZH REVHUYHG DUH D UHVXOW RI ERWK
JHQHWLFIDFWRUVDQGHSLJHQHWLF LQÀXHQFHV3HUKDSVQRWXQH[SHFWHGO\PDQ\
RIWKHJHQHVVKRZLQJH[SUHVVLRQFKDQJHVDUHORFDWHGLQF\WRJHQHWLFUHJLRQV
WKDWKDYHEHHQ LGHQWL¿HGDV VFKL]RSKUHQLDVXVFHSWLELOLW\ ORFL:HKDYH UH
FHQWO\IRXQGWKDWDVSHFL¿FFRPELQDWLRQRIVLQJOHQXFOHRWLGHSRO\PRUSKLVPV
613V LQ WKH¶ UHJLRQRI5*6ZDVPRUHRIWHQREVHUYHG LQ VXEMHFWV RI
VFKL]RSKUHQLDWKDQLQXQDIIHFWHGIDPLO\PHPEHUV'H¿QLQJGLVHDVHVSHFL¿F
WUDQVFULSWRPH FKDQJHV ZLOO DOVR IDFLOLWDWH GHYHORSPHQW RI DQLPDO PRGHOV
WKDW FORVHO\PLPLF FRPPRQPROHFXODU HYHQWV DVVRFLDWHGZLWK SV\FKLDWULF
FRQGLWLRQVDQGKROGVDJUHDWSURPLVHIRULQGLYLGXDOL]DWLRQRIGLDJQRVLVDQG
WUHDWPHQW
5HIHUHQFHV
&KRZGDUL.9HWDO$VVRFLDWLRQDQGOLQNDJHDQDO\VHVRI5*6SRO\
PRUSKLVPVLQVFKL]RSKUHQLD+XPDQ*HQHWLFV
0LUQLFV.HWDO0ROHFXODUFKDUDFWHUL]DWLRQRIVFKL]RSKUHQLDYLHZHG
E\PLFURDUUD\DQDO\VLVRIJHQHH[SUHVVLRQLQSUHIURQWDOFRUWH[1HXURQ

0LUQLFV . HW DO $QDO\VLV RI FRPSOH[ EUDLQ GLVRUGHUV ZLWK JHQH
H[SUHVVLRQPLFURDUUD\VVFKL]RSKUHQLDDVDGLVHDVHRI WKHV\QDSVH7UHQGV
1HXURVFL
0LUQLFV.HWDO'LVHDVHVSHFL¿FFKDQJHVLQUHJXODWRURI*SURWHLQ
VLJQDOLQJ  5*6 H[SUHVVLRQ LQ VFKL]RSKUHQLD 0RO 3V\FKLDWU\  

0LUQLFV.DQG3HYVQHU-3URJUHVVLQWKHXVHRIPLFURDUUD\WHFKQRO
RJ\WRVWXG\WKHQHXURELRORJ\RIGLVHDVH1DW1HXURVFL
6
)XQFWLRQDO&DQGLGDWH*HQHVLQ6FKL]RSKUHQLD)LQGLQJVIURP
$QLPDO0RGHOV
'DQ5XMHVFX
'HSWRI3V\FKLDWU\DQG1HXURORJ\/XGZLJ0D[LPLOLDQV8QLYHU
VLW\0XQLFK*HUPDQ\
$%HQGHU0.HFN$0+DUWPDQQ)2KO+5DHGHU
,*LHJOLQJ-*HQLXV5*UHHQH+-0|OOHU+*UXQ]H
7KH SV\FKRWRPLPHWLF HIIHFWV RI QRQFRPSHWLWLYH 1PHWK\O'DVSDUWDWH
10'$UHFHSWRUDQWDJRQLVWVVXFKDV3&3DQGNHWDPLQHLQKHDOWK\KXPDQV
DQGWKHLUDELOLW\WRH[DFHUEDWHVHYHUDOSV\FKRWLFV\PSWRPVLQVFKL]RSKUHQLF
SDWLHQWVKDYHSURPRWHGDYLHZRIVFKL]RSKUHQLDDVEHLQJUHODWHGWRDQDOWHUHG
JOXWDPDWHUJLF QHXURWUDQVPLVVLRQ7KLV SURPSWHGXV DQGRWKHUV WR GHYHORS
DQLPDOPRGHOVIRUVFKL]RSKUHQLD$WWHPSWVWRPLPLFWKHVHHIIHFWVLQUDWVKDV
OHDG WR WKH UHFRJQLWLRQRI SDUDOOHOV EHWZHHQ VFKL]RSKUHQLD DQGPROHFXODU
FHOOXODUIXQFWLRQDODQGEHKDYLRUDODEQRUPDOLWLHVLQWKHVHDQLPDOPRGHOV,Q
RXUPRGHOFKURQLFORZGRVHWUHDWPHQWZLWKWKH10'$UHFHSWRUDQWDJRQLVW
0.DOWHUVWKHH[SUHVVLRQRI10'$UHFHSWRUVXEXQLWVLQDSDWWHUQVLPLODU
WR VFKL]RSKUHQLD RQ WKHPROHFXODU OHYHO 2Q D FHOOXODU OHYHO WKH QXPEHU
RI SDUYDOEXPLQ EXW QRW FDOUHWLQLQSRVLWLYH LQWHUQHXURQV ZDV VHOHFWLYHO\
GHFUHDVHGD¿QGLQJZKLFKSDUDOOHOVREVHUYDWLRQVLQSRVWPRUWHPEUDLQIURP
VFKL]RSKUHQLFSDWLHQWV2QDIXQFWLRQDOOHYHOUHFXUUHQWLQKLELWLRQRIS\UDPL
GDOFHOOVZDVDOWHUHGDVSRVWXODWHGIURPWKHKLVWRORJLFDO¿QGLQJV)LQDOO\
RQDEHKDYLRUDOOHYHOWKHVHDQLPDOVVKRZHGFRJQLWLYHGH¿FLWVOLNHGLVWXUEHG
ZRUNLQJPHPRU\ZKLFKDJDLQSDUDOOHOV¿QGLQJVLQVFKL]RSKUHQLD7KXVRXU
SKDUPDFRORJLFPRGHORI10'$UHFHSWRUK\SRIXQFWLRQKDVDVLJQL¿FDQWSR
WHQWLDODVDQDQLPDOPRGHORISV\FKRVLVUHODWHGSKHQRW\SHVDQGDVDWRROLQ
WKHLGHQWL¿FDWLRQRIFDQGLGDWHJHQHVIRUWKLVGLVRUGHU:HXVHGDIXQFWLRQDO
JHQRPLFDSSURDFKIRUWKHLGHQWL¿FDWLRQRIKLSSRFDPSDOFDQGLGDWHJHQHVIRU
SV\FKRVLVUHODWHGWUDLWVDQGLGHQWL¿HGVHYHUDOGLIIHUHQWLDOO\H[SUHVVHGJHQHV
DQGSDWKZD\V7KHVHDUHXQGHULQYHVWLJDWLRQLQRQJRLQJJHQHWLFDQDO\VHV
6
/LQNDJH6WXGLHVLQ6FKL]RSKUHQLD1HZ)LQGLQJV3URPLVH1HZ
,QVLJKWV
0LNH-2ZHQ
'HSW3V\FKRORJLFDO0HGLFLQH:DOHV&ROOHJHRI0HGLFLQH&DUGLII
8QLYHUVLW\8.
*HQHWLF HSLGHPLRORJLFDO VWXGLHV VXJJHVW WKDW LQGLYLGXDO YDULDWLRQ LQ
VXVFHSWLELOLW\ WR VFKL]RSKUHQLD LV VXEVWDQWLDOO\ JHQHWLF +RZHYHU OLNH
RWKHUFRPPRQGLVRUGHUVWKHPRGHRIWUDQVPLVVLRQLVFRPSOH[DQGSUREDEO\
UHÀHFWV ROLJRJHQLF LQKHULWDQFH DJDLQVW D SRO\JHQLF EDFNJURXQG *HQRPLF
DSSURDFKHV WR VFKL]RSKUHQLD DUH EHFRPLQJ LQFUHDVLQJO\ IHDVLEOH DV GDWD
IURP WKH JHQRPH SURMHFW DFFXPXODWH DQG WHFKQRORJ\ LPSURYHV$WWHPSWV
WRLGHQWLI\JHQHVIRUVFKL]RSKUHQLDKDYHEHHQEDVHGRQVHYHUDODSSURDFKHV
V\VWHPDWLFOLQNDJHVWXGLHVDVVRFLDWLRQVWXGLHVDQGVWXGLHVRIFKURPRVRPDO
DEQRUPDOLWLHV DVVRFLDWHG ZLWK WKH GLVRUGHU$V ODUJHU VDPSOHV KDYH EHHQ
VWXGLHG D QXPEHU RI UHODWLYHO\ FRQYLQFLQJ OLQNDJHV KDYH EHHQ UHSRUWHG
0RUHRYHUDQDO\VLVRIWKHVHFKURPRVRPDOUHJLRQVKDVUHYHDOHGHYLGHQFHLQ
IDYRXU RI VHYHUDO SRVLWLRQDO FDQGLGDWH JHQHV7KLV HYLGHQFH QRZ VWURQJO\
LPSOLFDWHV'71%3 DQG15* DV VXVFHSWLELOLW\ JHQHV IRU VFKL]RSKUHQLD
ZKLOHWKHGDWDIRU'$2'$2$',6&DQG5*6DUHSURPLVLQJ+RZHYHU
WKHUHDUHUHDVRQV WRUHPDLQFDXWLRXVSHQGLQJWKHUHVXOWVRIIXUWKHUJHQHWLF
DQG ELRORJLFDO VWXGLHV 7KH SRVLWLYH ¿QGLQJV SRWHQWLDOO\ FRQYHUJH XSRQ
DEQRUPDOLWLHV LQ JOXWDPDWHUJLF QHXURWUDQVPLVVLRQ LQ VFKL]RSKUHQLD IRU
ZKLFKHYLGHQFHIURPDQXPEHURIRWKHUVRXUFHVKDVDOUHDG\EHHQDGGXFHG
+RZHYHUWKHUHDUHRWKHUSRVVLEOHH[SODQDWLRQVDQGPRUHZRUNLVQHHGHGWR
HOXFLGDWHSDWKRJHQLFPHFKDQLVPV
6
1R$EVWUDFW5HFHLYHG
:0DLHU
*HUPDQ\
6
7KH,QYROYHPHQWRI*OLDLQWKH3DWKRJHQHVLVRI
6FKL]RSKUHQLD
6
(IIHFWVRI((3$RQLQ9LYR%UDLQ0HWDEROLWH3URILOHLQ(DUO\
3V\FKRVLV
*UHJRU(%HUJHU
2U\JHQ5HVHDUFK&HQWUH'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\RI
0HOERXUQH0HOERXUQH9LFWRULD$XVWUDOLD
6-:RRG50:HOODUG0$0F&RQFKLH*'-DFNVRQ
'9HODNRXOLV&3DQWHOLV3'0F*RUU\
2EMHFWLYHV7KHQHXURELRORJ\RIHPHUJLQJSV\FKRWLFGLVRUGHUVLVQRWZHOO
XQGHUVWRRG5HFHQWORQJLWXGLQDOLPDJLQJVWXGLHVDUHVXJJHVWLYHWKDWWKHWUDQ
VLWLRQRISV\FKRVLVLVDVVRFLDWHGZLWKVWUXFWXUDOEUDLQFKDQJHV)XUWKHUPRUH
ORQJLWXGLQDOVWXGLHVIURPWKH¿UVWHSLVRGHRIVFKL]RSKUHQLDRQZDUGVDUHVXJ
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
JHVWLYHRISURJUHVVLYHEUDLQFKDQJHVDWOHDVWLQVXEJURXSVRISDWLHQWVZLWK
VFKL]RSKUHQLD:HSRVWXODWHGWKDWLQYLYREUDLQFKDQJHVDVVRFLDWHGZLWKWKH
HPHUJHQFHRISV\FKRWLFGLVRUGHUVPD\EHDVVRFLDWHGZLWKLQFUHDVHGDSRSWRW
LFORVVRIJOLDODQGVRPHEUDLQDUHDVQHXURQDOSURJHQLWRUFHOOV%HUJHU:RRG
HW DO 7KH SULPDU\ SXUSRVH RI WKLV VWXG\ LQYHVWLJDWHG WKH HIIHFW RI
WKHQHXURSURWHFWLYHRLOHWK\OHLFRVDSHQWDHQRLFDFLG((3$LQ¿UVWHSLVRGH
SV\FKRVLVDQGLWVHIIHFWVRQWKHPHWDEROLWHSUR¿OHRIWKHEUDLQLQYLYR
0HWKRGV7ZHQW\IRXUSDWLHQWVLQWKH¿UVWHSLVRGHRIDSV\FKRWLFGLVRUGHU
ZHUHVWXGLHG$IWHUDQLQLWLDO+056H[DPLQDWLRQDQGLQDGGLWLRQWRVWDQG
DUGWUHDWPHQWZLWKDW\SLFDODQWLSV\FKRWLFVWRRNDFRXUVHRIJRUDO(3$
DQGSDWLHQWVSODFHERDPLQHUDORLOIRUZHHNVSULRUWRDVHFRQG056
VWXG\6KRUWHFKRPV056ZDVSHUIRUPHGRQD*(7/;+RUL]RQ
VFDQQHUXVLQJD35(66VHTXHQFHZLWKWZRFKHPLFDOVKLIWVHOHFWLYHLPDJLQJ
SXOVHVIRUZDWHUVXSSUHVVLRQ$VLQJOHYR[HO[[FPZDVSODFHGLQHDFK
WHPSRUDOOREH7KLVUHJLRQRILQWHUHVWLQFOXGHGWKHKLSSRFDPSXVDP\JGDOD
DQGODWHUDODVSHFWRIWKHWHPSRUDOOREH6SHFWUDZHUHDQDO\VHGZLWK/&0RGHO
XVLQJDEDVLVVHWRIPHWDEROLWHVDFTXLUHGRQVLWHDQGGDWDZHUHUHMHFWHGLI
WKH&UDPHU5DRORZHUERXQGVZHUHJUHDWHUWKDQ
5HVXOWV 3DWLHQWV WUHDWHG ZLWK ((3$ VKRZHG D VLJQL¿FDQWO\ JUHDWHU SHU
FHQWDJH LQFUHDVH IRU WKH FRPELQHG JOXWDPDWHJOXWDPLQH SHDN ) 
S  DQG IRU JOXWDWKLRQH )  S  WKDQ GLG WKRVH WUHDWHG
ZLWKSODFHER7KHVHFKDQJHVZHUHPRUHSURQRXQFHGLQSDWLHQWVZKRVKRZHG
DQRUPDOÀXVKUHVSRQVHWRWRSLFDOQLDFLQDPHDVXUHRIELROLSLGPHWDEROLVP
,QWHUHVWLQJO\QDFHW\ODVSDUWDWHOHYHOVLQFUHDVHGHTXDOO\LQERWKJURXSVDO
WKRXJKWKLVGLGQRWUHDFKVLJQL¿FDQFH
&RQFOXVLRQV7KH LQFUHDVH LQJOXWDWKLRQH LQ WKH(3$WUHDWHGSDWLHQWVVXJ
JHVWVWKDWWKLVDJHQWPD\SURWHFWDJDLQVWR[LGDWLYHVWUHVVDFFRPSDQ\LQJWKH
RQVHWRIWKHGLVRUGHUZKLOHWKHLQFUHDVHLQJOXWDPDWHJOXWDPLQHLVOLNHO\WR
EHSDUWRIWKHVDPHPHWDEROLFSDWKZD\7KHUHODWLRQVKLSRIWKHVHFKDQJHVWR
FOLQLFDOIHDWXUHVDQGVWUXFWXUDOLPDJLQJ¿QGLQJVUHPDLQVWREHH[SORUHG
5HIHUHQFHV
%HUJHU*6:RRGHWDOÄ,QFLSLHQW1HXURYXOQHUDELOLW\DQG1HXUR
SURWHFWLRQLQ(DUO\3V\FKRVLV³3V\FKRSKDUPDFRO%XOO
6
$VWURJOLDLQWKH&RUWH[RI6FKL]RSKUHQLFV+LVWRSDWKRORJ\
)LQGLQJV
*UD]\QD5DMNRZVND
8QLYHUVLW\RI0LVVLVVLSSL0HGLFDO&HQWHU-DFNVRQ86$
$LPV1HXURLPDJLQJVWXGLHVKDYHLPSOLFDWHGWKHSUHIURQWRVWULDWDOORRSDVD
VXEVWUDWHIRUFRJQLWLYHGH¿FLWVLQVFKL]RSKUHQLD6&+=3RVWPRUWHPPRU
SKRPHWULFVWXGLHVUHYHDOWKDWOD\HUV,,,DQG9RIWKHGRUVRODWHUDOSUHIURQWDO
FRUWH[GO3)&ZKLFKJLYHULVHWRJOXWDPDWHUJLFSURMHFWLRQVWRWKHQHRVWULD
WXPGHPRQVWUDWHWKHPRVWSURPLQHQWVWUXFWXUDOSDWKRORJ\LQWKLVUHJLRQLQ
6&+=7KHVHQHXURQDODOWHUDWLRQVLQ6&+=DUHQRWDFFRPSDQLHGE\PDUNHG
JOLDOFKDQJHVDVUHYHDOHGE\1LVVOVWDLQLQJ
0HWKRGV :H H[DPLQHG WKH JOLDOW\SH VSHFL¿F SDWKRORJ\ LQ 6&+= E\
DQDO\]LQJ*)$3LPPXQRUHDFWLYHDVWURF\WHVLQFRQWUDVWWRWKH1LVVOVWDLQHG
JHQHUDO SRRO RI JOLDO FHOOV LQ GO3)& DUHD :H XVHG SRVWPRUWHP EUDLQ
WLVVXH IURP  VXEMHFWV ZLWK 6&+= DQG  SV\FKLDWULFDOO\ QRUPDO FRQWURO
VXEMHFWV7KHDUHDIUDFWLRQFRYHUHGE\LPPXQRSRVLWLYHDVWURF\WHVDVZHOODV
WKHSDFNLQJGHQVLW\RIWKHLUFHOOERGLHVZHUHHVWLPDWHG
5HVXOWV,QOD\HU9RIWKHGO3)&LQ6&+=WKHUHZDVDVLJQL¿FDQWUHGXF
WLRQLQ*)$3DUHDIUDFWLRQDQLQFUHDVHLQWKHGHQVLW\RI*)$3SRVLWLYH
FHOOERGLHVDQGDGHFUHDVHLQWKHZLGWKRIFRUWLFDOOD\HU9DVFRPSDUHG
WRFRQWUROVXEMHFWV1RQHRIWKHVHSDUDPHWHUVZHUHDIIHFWHGLQOD\HUV,,,DQG
,9LQ6&+=
&RQFOXVLRQV2QO\VXEWOHW\SHDQGOD\HUVSHFL¿FJOLDOSDWKRORJ\LVSUHVHQW
LQGO3)&LQ6&+=$VWURJOLDOSDWKRORJ\LQGO3)&PD\UHÀHFWGLVWXUEDQFHV
RIQHXURQJOLD LQWHUDFWLRQVLQ OD\HU9DQGPD\EHUHODWHGWRG\VIXQFWLRQDO
SUHIURQWRVWULDWDOFLUFXLWVGRSDPLQHUJLFDQGSRVVLEO\JOXWDPDWHUJLFDOWHUD
WLRQVDQGFRJQLWLYHSDWKRORJ\LQ6&+='XULQJWKLVSUHVHQWDWLRQDGGLWLRQDO
GDWDGHPRQVWUDWLQJWKHGLIIHUHQFHVDQGVLPLODULWLHVLQJOLDOFHOOSDWKRORJ\EH
WZHHQVFKL]RSKUHQLDDQGPRRGGLVRUGHUVZLOOEHSUHVHQWHGDQGGLVFXVVHG
6
6%DVDQ,QGLFDWRURI$VWURF\WH)XQFWLRQLQ6FKL]RSKUHQLD
0DWWKLDV5RWKHUPXQGW
8QLYHUVLW\RI0XHQVWHU*HUPDQ\
2EMHFWLYHV6%DFDOFLXPELQGLQJF\WRNLQHSURGXFHGE\DVWURJOLDOFHOOV
HYROYHVSDUDFULQHDQGDXWRFULQHHIIHFWVRQQHXURQVDQGJOLDFHOOVSOD\LQJD
UROHLQQHXURQDOSODVWLFLW\DQGORQJWHUPSRWHQWLDWLRQ,WLVLQYROYHGLQDYDUL
HW\RIFHOOXODUPHFKDQLVPVVXFKDVWKHUHJXODWLRQRIHQHUJ\PHWDEROLVPFHO
OXODUSUROLIHUDWLRQDQGGLIIHUHQWLDWLRQ6HFUHWHGLQQDQRPRODUFRQFHQWUDWLRQV
LWSURPRWHVQHXURQDOVXUYLYDODQGUHJHQHUDWLRQ0LFURPRODUFRQFHQWUDWLRQV
KRZHYHUHYROYHQHXURWR[LFDFWLYLW\DQGLQGXFHWKHDSRSWRVLVRIQHXURQVDQG
JOLDOFHOOV
6%KDVEHHQVKRZQ WREH LQFUHDVHG LQDFXWHEUDLQGDPDJHDQGQHXUR
GHJHQHUDWLRQ 5HFHQW VWXGLHV UHSRUWHG LQFUHDVHG &6) DQG VHUXP 6%
OHYHOVLQPHGLFDWHGDFXWHO\SV\FKRWLFSDWLHQWVZLWKVFKL]RSKUHQLDDVZHOODV
XQPHGLFDWHGRUGUXJQDLYHVFKL]RSKUHQLFV$SRVLWLYHFRUUHODWLRQEHWZHHQ
QHJDWLYHV\PSWRPVDQG6%ZDVVKRZQ6HUXPDQG&6)FRQFHQWUDWLRQV
ZHUHFORVHO\FRUUHODWHG
0HWKRGV 7KH VWXG\ SUHVHQWHG KHUH LQFOXGHG  FKURQLF VFKL]RSKUHQLF
SDWLHQWVZLWKSUHGRPLQDQWQHJDWLYHV\PSWRPV,QDGRXEOHEOLQGGHVLJQDOO
SDWLHQWVZHUH UDQGRPO\DVVLJQHG WR D VWDQGDUGL]HG WUHDWPHQWZLWK ULVSHUL
GRQH RU ÀXSHQWL[ROH 3V\FKRSDWKRORJ\ 3$166 DQG6% VHUXP OHYHOV
TXDQWLWDWLYHLPPXQRDVVD\ZHUHH[DPLQHGDWLQWDNHDIWHUDQGZHHNV
RIWUHDWPHQW
5HVXOWV &RPSDUHG WR DJH DQG VH[PDWFKHG KHDOWK\ FRQWUROV WKH VFKL]R
SKUHQLF SDWLHQWV VKRZHG VLJQL¿FDQWO\ LQFUHDVHG 6% FRQFHQWUDWLRQV RQ
DGPLVVLRQDIWHUDQGDIWHUZHHNVRIWUHDWPHQW+LJK3$166QHJDWLYH
VFRUHVZHUHFRUUHODWHGZLWKKLJK6%OHYHOV5HJUHVVLRQDQDO\VLVLQFOXG
LQJSV\FKRSDWKRORJ\VXEVFDOHVDQG6%LGHQWL¿HGQHJDWLYHV\PSWRPDWRO
RJ\DVWKHSUHGLFWLQJIDFWRUIRU6%
&RQFOXVLRQV 7KLV ORQJLWXGLQDO VWXG\ FRQ¿UPV LQ D ODUJH VDPSOH UHFHQW
¿QGLQJVUHSRUWLQJLQFUHDVHG6%VHUXPFRQFHQWUDWLRQVLQVFKL]RSKUHQLF
SDWLHQWV6%LVQRWRQO\HOHYDWHGLQDQDFXWHVWDJHRIGLVHDVHEXWUHPDLQV
LQFUHDVHGIRUDWOHDVWKDOID\HDUDIWHUDFXWHH[DFHUEDWLRQ&RQVLGHULQJSV\
FKRSDWKRORJ\QHJDWLYHV\PSWRPDWRORJ\DSSHDUVWREHWKHSUHGLFWLQJIDFWRU
IRUWKH6%FRQFHQWUDWLRQ7KLVPLJKWLQGLFDWHWKDW6%LQVFKL]RSKUHQ
LFSDWLHQWVHLWKHUSURPRWHVDSRSWRWLFPHFKDQLVPVLWVHOIRULVUHOHDVHGIURP
DVWURF\WHVDWWHPSWLQJWRUHSDLUDGHJHQHUDWLYHRUGHVWUXFWLYHSURFHVV
5HIHUHQFHV
5RWKHUPXQGW03RQDWK**ODVHU7+HW]HO*$UROW96% VHUXP
OHYHOV DQG ORQJWHUP LPSURYHPHQWRI QHJDWLYH V\PSWRPV LQSDWLHQWVZLWK
VFKL]RSKUHQLD1HXURSV\FKRSKDUPDFRORJ\
5RWKHUPXQGW03RQDWK*$UROW96%LQVFKL]RSKUHQLFSV\FKRVLV
,QW5HY1HXURELRO
 5RWKHUPXQGW 0 )DONDL 3 3RQDWK *$EHO 6 %UNOH + 'LHGULFK 0
+HW]HO*3HWHUV06LHJPXQG$3HGHUVHQ$0DLHU:6FKUDPP-6XVORZ
72KUPDQQ3$UROW9*OLDOFHOOG\VIXQFWLRQLQVFKL]RSKUHQLDLQGLFDWHGE\
LQFUHDVHG6%LQWKH&6)0RO3V\FKLDWU\
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2OLJRGHQGURJOLDLQ6FKL]RSKUHQLD)LQGLQJVIURP3RVWPRUWHP
6WXGLHV
1DWDO\D8UDQRYD
0HQWDO+HDOWK5HVHDUFK&HQWHU5XVVLDQ)HGHUDWLRQ
9LFWRU9RVWULNRY2OJD9LFKUHYD,YHWWD=LPLQD
1DWDO\D.RORPHHWV9DOHQWLQD5DFKPDQRYD'LDQD2UORYVND\D
2EMHFWLYHV2OLJRGHQGURF\WH2/G\VIXQFWLRQLQFOXGLQJFKDQJHVLQZKLWH
PDWWHU LQ QHXURLPDJLQJ VWXGLHV DEQRUPDOLWLHV LQ 2/ DQGP\HOLQUHODWHG
JHQH H[SUHVVLRQ ORVV RI2/ LQ WKH SUHIURQWDO FRUWH[ 3)& KDYH EHHQ UH
SRUWHG LQ VFKL]RSKUHQLD 6= 2XU SUHYLRXV HOHFWURQ PLFURVFRSLF VWXG\
UHYHDOHGG\VWURSK\QHFURVLVDQGDSRSWRVLVRI2/LQWKH3)&DQGLQWKHFDX
GDWHQXFOHXV&1LQ6=8UDQRYDHWDO$SURPLQHQWGH¿FLWRI2/
ZDVIRXQGLQWKH3)&%$OD\HU9,LQ6=%3'DQG0''DVFRPSDUHGWR
FRQWUROV8UDQRYDHWDODQGLQ%$OD\HU9,DQGLQDGMDFHQWZKLWH
PDWWHULQ6=FRPSDUHGWRFRQWUROV9RVWULNRYHWDO/RZHUHGQXPEHU
RI2/VDWHOOLWHVRIS\UDPLGDOQHXURQVZDVIRXQGLQOD\HU,,,RIWKH3)&%$
LQ6=%3'DQG0''8UDQRYDHWDO7KHDLPRIWKHSUHVHQWVWXG\
ZDVWRLQYHVWLJDWHWKHXOWUDVWUXFWXUHRIP\HOLQDWHG¿EHUVDQGWRHVWLPDWHWKH
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
SURSRUWLRQRIQRUPDODQGSDWKRORJLFDOP\HOLQDWHG¿EHUVLQWKH3)&&1DQG
KLSSRFDPSXV+3LQ6=DQGFRQWUROJURXSV
0HWKRGV (OHFWURQPLFURVFRS\ZDV DSSOLHG WR VWXG\ WKH XOWUDVWUXFWXUH RI
P\HOLQDWHG¿EHUV7ZRGLPHQVLRQDOPRUSKRPHWULFVWXG\ZDVSHUIRUPHGWR
HVWLPDWHWKHSHUFHQWDJHRIQRUPDODQGSDWKRORJLFDOP\HOLQDWHG¿EHUVLQWKH
3)& DUHD OD\HU9 LQ WKHKHDGRI WKH&1DQG LQ VWUDWXPS\UDPLGDOH
RIWKH+3&$UHJLRQLQ6=DQGQRUPDOFRQWUROEUDLQVDJHPDWFKHG
SRVWPRUWHPGHOD\KRXUV
5HVXOWV7KHSHUFHQWDJHRIQRUPDOP\HOLQDWHG¿EHUVZDVGHFUHDVHGLQWKH
3)&  S LQ WKH &1  S DQGZDV QRW VLJQL¿FDQWO\
FKDQJHGLQWKH+3LQ6=7KHSHUFHQWDJHRISDWKRORJLFDOP\HOLQDWHG¿EHUV
ZLWKDWURSK\RILQQHUD[RQDQGEDOORRQVZHOOLQJRISHULD[RQDO2/SURFHVVHV
ZDVLQFUHDVHGLQ6=JURXSDVFRPSDUHGWRWKHFRQWUROJURXSIROGLQWKH
3)&SIROGLQWKH&1SDQGIROGLQWKH+3S
&RQFOXVLRQV'DPDJHRIP\HOLQDWHG¿EHUVDVVRFLDWHGZLWK2/G\VIXQFWLRQ
DQGORVVRI2/DUHNH\JOLDOSDWKRORJ\LQ6=EUDLQ'H¿FLWRI2/LQWKH3)&
RYHUODSVLQ6=%3'DQG0''$SRVVLEOHUROHRIGDPDJHDQGORVVRI2/LQ
DOWHUHGQHXURQDOFRQQHFWLYLW\DQGLQDWURSK\RIQHXURQVLQ6=LVSURSRVHG
7KHVXSSRUWIURPWKH6WDQOH\0HGLFDO5HVHDUFK,QVWLWXWHLVDSSUHFLDWHG
5HIHUHQFHV
8UDQRYD1$HWDO(OHFWURQPLFURVFRS\RIROLJRGHQGURJOLDLQVHYHUH
PHQWDOLOOQHVV%UDLQ5HV%XOO

8UDQRYD1$HWDO2OLJRGHQGURJOLDOGHQVLW\LQWKHSUHIURQWDOFRUWH[
DUHDLQVFKL]RSKUHQLDDQGPRRGGLVRUGHUV$VWXG\RIEUDLQFROOHFWLRQIURP
WKH 6WDQOH\ )RXQGDWLRQ1HXURSDWKRORJ\ &RQVRUWLXP 6FKL]RSKU 5HV 

9RVWULNRY90 HW DO  /RZHUHG ROLJRGHQGURJOLDO GHQVLW\ LQ WKH SUH
IURQWDO FRUWH[ LQ VFKL]RSKUHQLD =KXU 1HYURORJLL L 3VLNKLDWULL LPHQL 66
.RUVDNRYD
6
0\HOLQDWLRQ7UDMHFWRULHV8QLI\LQJ0RGHOIRU1HXURSV\FKLDWU\
*HRUJH%DUW]RNLV
8&/$'HSDUWPHQWRI1HXURORJ\86$
2EMHFWLYHV,QFUHDVHWKHVFLHQWL¿FIRFXVRQP\HOLQDWLRQDQGLWVUROHLQKX
PDQEUDLQGHYHORSPHQWDQGQHXURSV\FKLDWULFGLVRUGHUV
0HWKRGV ,PDJLQJDQGSRVWPRUWHPGDWDZLOO EH UHYLHZHGGHPRQVWUDWLQJ
WKDW WKH KXPDQ EUDLQ LV XQLTXH LQ LWV KLJK P\HOLQ FRQWHQW DQG H[WHQGHG
GHYHORSPHQWDO P\HOLQDWLRQ SKDVH WKDW FRQWLQXHV XQWLO PLGGOH DJH 'DWD
ZLOOEHUHYLHZHGVKRZLQJWKDWWKDWG\VHUHJXODWLRQRIWKHQRUPDOP\HOLQDWLRQ
WUDMHFWRULHVRFFXUDWGLIIHUHQWGHYHORSPHQWDO WLPHSRLQWVDQGFRQWULEXWH WR
WKHRYHUODSLQJV\PSWRPVRIPDQ\QHXURSV\FKLDWULFGLVRUGHUV
5HVXOWV7KHSURFHVVRIP\HOLQDWLRQLQFUHDVHVWKHVSHHGRIRXUEUDLQ¶V,Q
WHUQHWDQGKHOSVH[SODLQVWKHKLJKSURFHVVLQJVSHHGZHDFKLHYHDVDVSHFLHV
7KHKLJKSURFHVVLQJVSHHGLVQHFHVVDU\IRUWKHGHYHORSPHQWRIVRSKLVWLFDWHG
LQKLELWRU\IXQFWLRQVPDQLIHVWHG LQRXU UHPDUNDEOHKXPDQDELOLWLHVVXFKDV
ODQJXDJHFRJQLWLRQDQGEHKDYLRUDOFRQWURO7KHELRORJ\RIRXUH[FHSWLRQDO
P\HOLQDWLRQ SURFHVV WRJHWKHUZLWK IDFWRUV WKDW GHUDLO LW DUH V\QWKHVL]HG LQ
D ÄP\HOLQPRGHO³ RI WKH KXPDQ EUDLQ WKDW FXWV DFURVV WKH FXUUHQW V\PS
WRPEDVHGFODVVL¿FDWLRQRIQHXURSV\FKLDWULFGLVRUGHUV7KHGHYHORSPHQWDO
SHUVSHFWLYH RI WKH PRGHO VXJJHVWV WKDW G\VUHJXODWLRQV LQ WKH P\HOLQDWLRQ
SURFHVV FRQWULEXWH WR SUHYDOHQW HDUO\OLIH QHXURSV\FKLDWULF GLVRUGHUV VXFK
DV VFKL]RSKUHQLD DXWLVP DQG DGGLFWLRQ7KHVH GLVRUGHUV VKDUH GH¿FLWV LQ
P\HOLQDWLRQ DQG YDULRXV OHYHOV RI LQKLELWRU\ FRQWURO IXQFWLRQV WKDW OLNHO\
FRQWULEXWHWRWKHLUKLJKUDWHVRIFRPRUELGLW\DQGVKDUHGV\PSWRPDWRORJ\
&RQFOXVLRQV%\LQFUHDVLQJWKHVFLHQWL¿FIRFXVRQP\HOLQDWLRQWKHPRGHO
SURYLGHVDUDWLRQDOELRORJLFIUDPHZRUNIRUWKHGHYHORSPHQWRIQRYHOP\
HOLQFHQWHUHGWUHDWPHQWVWKDWPD\KDYHZLGHVSUHDGHI¿FDF\DFURVVPXOWLSOH
GLVHDVH VWDWHV DQGFRXOGSRWHQWLDOO\EHXVHG LQ WUHDWLQJGHOD\LQJRU HYHQ
SUHYHQWLQJVRPHRIWKHPRVWSUHYDOHQWDQGGHYDVWDWLQJKXPDQQHXURSV\FKL
DWULFGLVRUGHUV
5HIHUHQFHV
%DUW]RNLV*6FKL]RSKUHQLD%UHDNGRZQ LQ WKHZHOO UHJXODWHG OLIH
ORQJSURFHVVRIEUDLQGHYHORSPHQWDQGPDWXUDWLRQ1HXURSV\FKRSKDUP

%DUW]RNLV*1XHFKWHUOHLQ.+/X3+*LWOLQ05RJHUV60LQW]-
'\VUHJXODWHGEUDLQGHYHORSPHQW LQDGXOWPHQZLWKVFKL]RSKUHQLD$PDJ
QHWLFUHVRQDQFHLPDJLQJVWXG\%LRO3V\FLDWU\
%DUW]RNLV*4XDGUDWLFWUDMHFWRULHVRIEUDLQP\HOLQFRQWHQW8QLI\LQJ
FRQVWUXFWIRUQHXURSV\FKLDWULFGLVRUGHUV1HXURELRORJ\RI$JLQJ
%DUW]RNLV *$OWVKXOHU //  %LRORJLFDO XQGHUSLQQLQJV RI WUHDWPHQW
UHVLVWDQFH LQ VFKL]RSKUHQLD$QK\SRWKHVLV 3V\FKRSKDUPDFRORJ\%XOOHWLQ

6
7RSLFDO&OLQLFDO,VVXHVLQWKH7UHDWPHQWRI6FKL]RSKUHQLD
6
3UHGLFWLQJ3UHYHQWLQJDQG7UHDWLQJ7DUGLYH'\VNLQHVLD
5RELQ(PVOH\
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\RI6WHOOHQERVFK&DSH7RZQ
6RXWK$IULFD
3LHW2RVWKXL]HQ-DGUL7XUQHU
$LPV7' LV D FRPPRQFRPSOLFDWLRQRI FRQYHQWLRQDO DQWLSV\FKRWLF WUHDW
PHQWDQGZRUOGZLGHFOLQLFLDQVFRQWLQXHWRXVHWKHVHDJHQWVH[WHQVLYHO\IRU
WKHWUHDWPHQWRISV\FKRVLV7KHUHDUHQRUHOLDEOHSUHGLFWRUVRIWKRVHDWULVN
IRU7'DQGQRVWUDWHJ\KDVFOHDUO\HPHUJHGDVWKHWUHDWPHQWRIFKRLFH7KH
UHVXOWVRIIRXUVWXGLHVWKDWZHXQGHUWRRNZLOOEHUHSRUWHGKHUH
0HWKRGV7KHDVVRFLDWLRQEHWZHHQQHXURORJLFDOVRIWVLJQVDQGHPHUJHQW
7' ZDV LQYHVWLJDWHG LQ D SURVSHFWLYH VWXG\ LQ D VDPSOH RI ¿UVWHSLVRGH
VFKL]RSKUHQLDVXEMHFWVQ :HLQYHVWLJDWHGZKHWKHUWKHXVHRIYHU\
ORZGRVHV RI KDORSHULGROZRXOG EH HIIHFWLYH LQ UHGXFLQJ WKH LQFLGHQFH RI
7'LQDVDPSOHRI¿UVWHSLVRGHSDWLHQWVZKRZHUHWUHDWHGDFFRUGLQJWRD
¿[HGSURWRFRORYHUPRQWKVZLWKDPHDQHQGSRLQWGRVHRIKDORSHULGRORI
PJGD\:HFRPSDUHGWKHRPHJDIDWW\DFLGHLFRVDSHQWDHQRLFDFLG
(3$Q WRSODFHERQ DVVXSSOHPHQWDOWUHDWPHQWLQVFKL]RSKUHQLD
LQ D UDQGRPL]HG FRQWUROOHG WULDO:H HYDOXDWHG WKH HI¿FDF\ RI D QRYHO
DQWLSV\FKRWLFTXHWLDSLQHQ FRPSDUHGZLWKKDORSHULGROQ LQWUHDW
LQJVFKL]RSKUHQLFSDWLHQWVZLWKHVWDEOLVKHG7'LQDUDQGRPLVHGLQYHVWLJDWRU
EOLQGHGGHVLJQRYHUPRQWKV
5HVXOWV$FRQVLVWHQWDQGVLJQL¿FDQWUHODWLRQVKLSEHWZHHQPRWRUVHTXHQF
LQJDEQRUPDOLWLHVDWEDVHOLQHDQGWKHODWHURQVHWRI7'ZDVIRXQG:KLOH
ORZGRVHVRIKDORSHULGROZHUHHIIHFWLYHDQGZHOOWROHUDWHGLQWKHVKRUWWHUP
WKH\KDGQRSURWHFWLYHHIIHFWDJDLQVW7'DVWKHPRQWKLQFLGHQFHRISURE
DEOHDQGSHUVLVWHQW7'ZDV$VLJQL¿FDQWDQWLG\VNLQHWLFHIIHFWIRU
(3$DIWHUZHHNVRIWUHDWPHQWZDVIRXQG&RPSDUHGZLWKKDORSHULGRO
WKHTXHWLDSLQHJURXSVKRZHGVLJQL¿FDQWO\JUHDWHU LPSURYHPHQWV LQG\VNL
QHVLDVFRUHV5HVSRQVHUDWHZDVJUHDWHUZLWKTXHWLDSLQHWKDQKDORSHULGRO
&RQFOXVLRQV 0RWRU VHTXHQFLQJ DEQRUPDOLWLHVPD\ UHSUHVHQW D FOLQLFDO
PDUNHUIRUSUHGLFWLQJWKRVHDWULVNRIGHYHORSLQJ7'/RZGRVHVRIKD
ORSHULGROUHPDLQQHXURWR[LFLQWKHORQJUXQ(3$PD\KDYHDQHXURSURWHF
WLYHDFWLRQ4XHWLDSLQHDSSHDUV WREHDQHIIHFWLYH WUHDWPHQWIRUSDWLHQWV
ZLWKHVWDEOLVKHG7'
5HIHUHQFHV
(PVOH\57XUQHU-2RVWKXL]HQ3&DUU-1HXURORJLFDODEQRUPDOLWLHV
LQ¿UVWHSLVRGHVFKL]RSKUHQLD WHPSRUDOVWDELOLW\DQGFOLQLFDODQGRXWFRPH
FRUUHODWHV6FKL]RSKU5HVLQSUHVV
2RVWKXL]HQ33 (PVOH\5$ 0DULW]-6 7XUQHU-$ .H\WHU1  ,QFL
GHQFHRIWDUGLYHG\VNLQHVLDLQ¿UVWHSLVRGHSV\FKRVLVSDWLHQWVWUHDWHGZLWK
ORZGRVHKDORSHULGRO-&OLQ3V\FKLDWU\
(PVOH\50\EXUJK&2RVWKXL]HQ3YDQ5HQVEXUJ6-5DQGRPL]HG
SODFHERFRQWUROOHG VWXG\ RI HWK\OHLFRVDSHQWDHQRLF DFLG DV VXSSOHPHQWDO
WUHDWPHQWLQVFKL]RSKUHQLD$P-3V\FKLDWU\
(PVOH\57XUQHU+-6FKURQHQ-%RWKD.6PLW52RVWKXL]HQ33$
VLQJOHEOLQGUDQGRPL]HGWULDOFRPSDULQJTXHWLDSLQHDQGKDORSHULGROLQWKH
WUHDWPHQWRIWDUGLYHG\VNLQHVLD-&OLQ3V\FKLDWU\
6
7UHDWLQJWKH3V\FKRWLF3DWLHQWZKRLV9LROHQW
3HWHU%XFNOH\
0HGLFDO&ROOHJHRI*HRUJLD86$
2EMHFWLYHV8QGHUVWDQGLQJRI(I¿FDF\RIDW\SLFDODQWLSV\FKRWLFVDQGRWKHU
SV\FKRWURSLFPHGLFDWLRQVLQWKHPDQDJHPHQWRIDFXWHDJLWDWLRQDQGDJJUHV
VLRQLQSV\FKRWLFSDWLHQWV
0HWKRGV2QVHWRIDFWLRQDFXWHXVHDQGHYROYLQJIRUPXODWLRQVRIDW\SLFDO
039#(/4)#¬$)3/2$%23¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
DQWLSV\FKRWLFPHGLFDWLRQV
5HVXOWV:LGHVSUHDGSXEOLFRSLQLRQKDVKHOGWKDWWKHUHLVDFORVHDQGHQGXU
LQJUHODWLRQVKLSEHWZHHQYLROHQFHDQGPHQWDOLOOQHVV0RUHUHFHQWHYLGHQFH
VXJJHVWVWKDWWKLVUHODWLRQVKLSZKLOHXQHTXLYRFDOO\SUHVHQWLVRYHUHVWLPDWHG
DQGLQWKHFDVHRIVFKL]RSKUHQLDLVUHODWHGWRSRRUO\FRQWUROOHGLOOQHVV7KH
SDVW¿YH\HDUVKDYHZLWQHVVHGDSHULRGRI UDSLGFKDQJH LQ WKHSKDUPDFR
WKHUDS\RIVFKL]RSKUHQLD&OLQLFDOH[SHULHQFHDQGVXEVHTXHQWVWXGLHVZLWK
DW\SLFDODQWLSV\FKRWLFVVXJJHVWVWKDWWKHUHDUHSDUWLFXODUSDWLHQWVXEJURXSV
ZKLFK FDQ EHQH¿W IURP WKHVH WUHDWPHQW DGYDQFHV 7KLV SUHVHQWDWLRQ ZLOO
IRFXVRQWKHH[SDQGLQJFOLQLFDOLQGLFDWLRQVIRUDW\SLFDODQWLSV\FKRWLFVZLWK
UHVSHFWWRDJJUHVVLRQDQGRQWKHLUUROHLQWKHDFXWHPDQDJHPHQWRISDWLHQWV
ZLWK VFKL]RSKUHQLD7KLV UHODWHV SDUWLFXODUO\ WR DFXWH GRVLQJ VWUDWHJLHV DV
ZHOODVJUHDWHUUDQJHRIGHOLYHU\RSWLRQV
&RQFOXVLRQV7KLVLVDQDUHDRIFOLQLFDOPDQDJHPHQWZKLFKLVOLNHO\WRGH
YHORSUDSLGO\LQRXUDSSURDFKHVDQGVWDQGDUGRIFDUHERWKDVRXUH[SHULHQFH
ZLWKDW\SLFDODQWLSV\FKRWLFVLQWKHDFXWHVHWWLQJJURZVDQGDVWKHVHDJHQWV
EHFRPHLQFUHDVLQJO\PRUHDYDLODEOHLQGLYHUVHIRUPXODWLRQV
5HIHUHQFHV
([SHUW&RQVHQVXV*XLGHOLQHV0DQDJHPHQWRIDJJUHVVLRQ3RVWJUDGX
DWH0HGLFDO-RXUQDO6XSSOHPHQW
%XFNOH\3)1RIIVLQJHU616PLWK'$+URXGD'5.QROO-/7UHDWPHQWRI
WKHSV\FKRWLFSDWLHQWZKRLVYLROHQW
6
&RPSOLDQFHDQG6XEMHFWLYH$WWLWXGHVWRZDUGWKH,OOQHVVDQG
0HGLFDWLRQ$3DWLHQWDQG6WDII3HUVSHFWLYH
:ROIJDQJ)OHLVFKKDFNHU
'HSWRI%LRORJLFDO3V\FKLDWU\0HGLFDO8QLYHUVLW\,QQVEUXFN
$XVWULD
&RPSOLDQFH LV D KLJKO\ LPSRUWDQW IDFWRU IRU SURJQRVLV DQG RXWFRPH LQ
VFKL]RSKUHQLD SDWLHQWV ,W LV GHWHUPLQHG E\ IDFWRUV UHODWHG WR WKH SDWLHQWV
WKHPVHOYHV WR WKH W\SHV RI WUHDWPHQW HPSOR\HG WR WKH LOOQHVV DQG WR WKH
SDWLHQWV¶VRFLDOHQYLURQPHQW6XEMHFWLYHDWWLWXGHVERWKRISDWLHQWVDQGWKHLU
VLJQL¿FDQWRWKHUVDVZHOODVWKHVWDIILQYROYHGLQWUHDWPHQWDUHFUXFLDOYDUL
DEOHV
$QXPEHURIUHFHQWVWXGLHVIURPYDULRXVFXOWXUDOEDFNJURXQGKDYHUHSRUWHG
DIDLUO\EOHDNXQGHUVWDQGLQJRIWKHFRQFHSWRIVFKL]RSKUHQLDDQGWKHSRVVL
ELOLWLHVIRULWVWUHDWPHQWLQWKHOD\SXEOLF,QWHUHVWLQJO\VRPHRIWKHVHVWLJPD
WL]LQJP\WKVDURXQGVFKL]RSKUHQLDKDYHDOVREHHQLQWHUQDOL]HGE\SDWLHQWV
WKHPVHOYHVDQGPHQWDOKHDOWKVWDII7KLVDOVRKROGVWUXHIRUVFHSWLFDOYLHZV
FRQFHUQLQJWKHHI¿FDF\RIWUHDWPHQWRSWLRQVHVSHFLDOO\PHGLFDWLRQ
$WKHUDSHXWLFDOOLDQFHEHWZHHQWKHDIIHFWHGSDWLHQWVDQGWKHFOLQLFLDQVZKR
FDUHIRUWKHPLVNQRZQWREHRIKLJKUHOHYDQFHWRWKHVXFFHVVRIWUHDWPHQW,Q
RUGHUWRDVVXUHWKLVDOOLDQFHGLIIHUHQFHVLQDWWLWXGHKDYHWREHLGHQWL¿HGDQG
GHDOWZLWKLQFRQVLVWHQFHVZLOOEHKDUPIXOZLWKUHJDUGWRFRPSOLDQFH
6
$6WXG\RIWKH0HWDEROLF(IIHFWVRI$QWLSV\FKRWLFVLQ3DWLHQWV
ZLWK6FKL]RSKUHQLD
3LHUUH&KXH
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\RI$OEHUWD(GPRQWRQ
&DQDGD
5RQ:HOFK-RKQ/LQG+DQQDK3D]GHUND5RELQVRQ
2EMHFWLYHV7RH[DPLQHWKHPHWDEROLFHIIHFWVRIFRQYHQWLRQDODQGDW\SLFDO
DQWLSV\FKRWLFVLQSDWLHQWVZLWK'60,9VFKL]RSKUHQLD
0HWKRGV 3DWLHQWV RQ PRQRWKHUDS\ ZLWK FOR]DSLQH Q  RODQ]DSLQH
Q ULVSHULGRQHQ RUDFRQYHQWLRQDODQWLSV\FKRWLFDJHQWQ IRU
DWOHDVWPRQWKVGXUDWLRQZHUHLQYHVWLJDWHGIRUWKHSHULRGIURPVW-DQXDU\
WRVW'HFHPEHU)DVWLQJVHUXPLQVXOLQIDVWLQJSODVPDJOXFRVH
)3*IDVWLQJOLSLGVDQGDIXOORUDOJOXFRVHWROHUDQFHWHVWZHUHFRQGXFWHG
IRUHDFKSDWLHQW%RG\PDVVLQGH[%0,DQGWKHKRPHRVWDVLVPRGHODVVHVV
PHQWLQGH[RILQVXOLQUHVLVWDQFH+20$,5ZHUHFDOFXODWHG
5HVXOWV&OR]DSLQHDQGRODQ]DSLQHZHUHDVVRFLDWHGZLWKWKHJUHDWHVWSUHYD
OHQFHVRIG\VJO\FHPLD LQFOXGLQJGLDEHWHVPHOOLWXVG\VOLSLGHPLD LQFOXGLQJ
K\SHUWULJO\FHULGHPLDDQGREHVLW\,WZDVGHPRQVWUDWHGWKDWRODQ]DSLQHDQG
FOR]DSLQHUHVHPEOHGHDFKRWKHUPRVWFORVHO\RQWKHODUJHVWGLVFULPLQDQW
IXQFWLRQFRHI¿FLHQWVWULJO\FHULGHV)3*DQG%0,SZKLOHULVSHUL
GRQHZDVPRVWVLPLODUWRFRQYHQWLRQDODQWLSV\FKRWLFVIRUWKHVHIDFWRUV
&RQFOXVLRQV7KLVVWXG\GHPRQVWUDWHVDVWDWLVWLFDOO\VLJQL¿FDQWDVVRFLDWLRQ
RI FOR]DSLQH DQG RODQ]DSLQH ZLWK DGYHUVH FKDQJHV LQ JOXFRVH OLSLG DQG
ZHLJKWPHWDEROLVPFRPSDUHGWRULVSHULGRQHDQGFRQYHQWLRQDODQWLSV\FKRW
LFV7KLV HYLGHQFHRIGLIIHUHQWLDO OLDELOLW\RIPHWDEROLFGLVWXUEDQFHDUJXHV
DJDLQVW D ³FODVV HIIHFW´ RI WKH DW\SLFDO DQWLSV\FKRWLFV DQG KDV SDUWLFXODU
VLJQL¿FDQFHZKHQGHWHUPLQLQJWKHFKRLFHRIDQWLSV\FKRWLFWRWUHDWSDWLHQWV
ZLWKVFKL]RSKUHQLD
$GGUHVVIRUFRUUHVSRQGHQFH'U3LHUUH&KXHUG)ORRU6WUHHW
(GPRQWRQ$OEHUWD7. -7HO   )D[  
(PDLOSFKXH#XDOEHUWDFD
039#(/4)#¬$)3/2$%23¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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$QWLSV\FKRWLFVDQG1HXURWUDQVPLWWHU5HFHSWRUV%H\RQG
6LPSOH6WULDWDO'2FFXSDQF\
6
'LVVRFLDWLRQRI%UDLQDQG3ODVPD.LQHWLFVZLWK3V\FKRWURSLF
'UXJV
-RKDQQHV7DXVFKHU
(OL/LOO\DQG&R,QGLDQDSROLV,186$
'HSDUWPHQWRI*HQHUDO3V\FKLDWU\0HG8QLYRI9LHQQD$XVWULD
'RVLQJ UHJLPHQV IRU SV\FKRWURSLF GUXJV DUH IUHTXHQWO\ EDVHG RQ SODVPD
NLQHWLF FRQVLGHUDWLRQV DOWKRXJK LW LV XQFOHDUZKHWKHU SODVPD OHYHOV IDLWK
IXOO\UHÀHFWEUDLQNLQHWLFVRIDQWLSV\FKRWLFVRUDQWLGHSUHVVDQWV7RH[DPLQH
WKLVUHODWLRQVKLSZHFRPSDUHGWKHNLQHWLFVRISODVPDOHYHOVRIWZRZLGHO\
XVHGDQWLSV\FKRWLFVRODQ]DSLQHDQGULVSHULGRQHYHUVXVWKHWLPHFRXUVHRI
WKHLU HIIHFWV LQ WKH EUDLQ )RU TXDQWL¿FDWLRQ RI VWULDWDO DQG H[WUDVWULDWDO
GRSDPLQH'DQGFRUWLFDOVHURWRQLQ$+7$UHFHSWRURFFXSDQF\
SRVLWURQHPLVVLRQ WRPRJUDSK\ 3(7DQG >&@ODEHOHG OLJDQGVZHUHXVHG
LQ KHDOWK\ VXEMHFWV DIWHU D VLQJOH GRVH DQG LQ SDWLHQWV FKURQLFDOO\ WUHDWHG
IRUSV\FKRVLV7KHPDLQ¿QGLQJZDVDVLJQL¿FDQWGLVVRFLDWLRQRIEUDLQDQG
SODVPDNLQHWLFV$VH[SHFWHGIURPSUHYLRXVO\SXEOLVKHG3.VWXGLHVPHDQ
SODVPDHOLPLQDWLRQKDOIOLYHVRIVLQJOHGRVHVRIRODQ]DSLQHDQGULVSHULGRQH
ZHUHDQGKUHVSHFWLYHO\,QFRQWUDVWWRWKDWLWWRRNRQDYHUDJH
KRXUVZLWKRODQ]DSLQHDQGKRXUVZLWKULVSHULGRQHWRGHFOLQHWRRI
WKHLUSHDNVWULDWDO'UHFHSWRURFFXSDQF\:HGHWHFWHGVLPLODUGLVFUHSDQFLHV
EHWZHHQ WKH WLPHFRXUVHRISODVPD OHYHOVDQGH[WUDVWULDWDO'DVZHOO DV
+7$UHFHSWRURFFXSDQF\,QFRQFOXVLRQWKLVUHVXOWVTXHVWLRQWKHUHOLDQFH
RQSODVPDNLQHWLFVDVWKHPDLQEDVLVIRUGRVLQJUHJLPHQRIDQWLSV\FKRWLFV
6WXGLHVRIEUDLQNLQHWLFVDUHLPSRUWDQWWRSURYLGHDVRXQGEDVLVIRUGHWHUPLQ
LQJGRVLQJVFKHGXOHVRISV\FKRWURSLFPHGLFDWLRQV
6
%ORFNLQJ'5HFHSWRUVWR*HW$QWLSV\FKRWLF5HVSRQVH±:KLFK
2QHV:KHQDQG:K\"
6KLWLM.DSXU
&$0+DQG8QLYHUVLW\RI7RURQWR&DQDGD
2EMHFWLYHV ,W LV D ZHOO NQRZQ IDFW WKDW GUXJV WKDW EORFN GRSDPLQH '
UHFHSWRUVOHDGWRDQDQWLSV\FKRWLFUHVSRQVH7KLVDVVRFLDWLRQKDVEHHQZHOO
UHSOLFDWHGLQLQYLWURH[YLYRDQGQHXURLPDJLQJVWXGLHV+RZHYHULWUHPDLQV
XQFOHDUZKLFK' UHFHSWRUV DUH FULWLFDOZKDW LV WKH WHPSRUDO UHODWLRQVKLS
EHWZHHQ' EORFNDGH DQG DQWLSV\FKRWLF UHVSRQVH DQGZK\ D EORFNDGH RI
GRSDPLQH ' UHFHSWRUV OHDGV WR D FKDQJH LQ WKH SDWLHQWV H[SHULHQFH RI
SV\FKRVLV
0HWKRGV6WXGLHVH[DPLQLQJ WKH UHODWLRQVKLSEHWZHHQVWULDWDO &5DFOR
SULGH DQG H[WUDVWULDWDO &)/% ' EORFNDGH DQG DQWLVS\FKWRLF
UHVSRQVH LQFRQWUROOHGFOLQLFDO WULDOV$QDO\VHVH[DPLQLQJ WKHVSHHGRI LQ
VWDQWLDWLRQRIWKH'EORFNDGHRQRQHKDQGDQGWKHRQVHWRIFOLQLFDODQWLS
V\FKRWLF UHVSRQVH RQ WKH RWKHU 6WXGLHV H[DPLQLQJ WKH SDWLHQWV¶ UHVSRQVHV
DERXW KRZ DQWLSV\FKRWLFV HIIHFW WKHLU VXEMHFWLYH H[SHULHQFH RI SV\FKRVLV
DQGWKHGHYHORSPHQWRIDQHZVFDOHWRH[DPLQHWKHGLIIHUHQWGLPHQVLRQVRI
SV\FKRVLVDQGWKHLUWHPSRUDOUHODWLRQVKLSWRWKHRQVHWRIWUHDWPHQW
5HVXOWV 7KH GDWD FRQ¿UP WKH UHODWLRQVKLS EHWZHHQ µVWULDWDO¶ GRSDPLQH
' EORFNDGH DQG DQWLSV\FKRWLF UHVSRQVH ± HVSHFLDOO\ WKH LPSURYHPHQW LQ
SRVLWLYHV\PSWRPV7KHUHODWLRQVKLSRIWKHH[WUDVWULDWDOUHJLRQVSUHIURQWDO
WHPSRUDO WKDODPLF DQG DQWLSV\FKRWLF UHVSRQVH ZDV QR VWURQJHU DQG LQ
PRVW LQVWDQFHVZDVZHDNHU WKDQ WKDWRIVWULDWDO UHJLRQVDQGDQWLSV\FKRWLF
UHVSRQVH 'DWD IURP VHSDUDWH VWXGLHV VKRZV WKDW ' EORFNDGHZLWK FOLQL
FDOGRVHVLVUDWKHULQVWDQWDQHRXV±DQGZHQRZKDYHHYLGHQFHWKDWFOLQLFDO
UHVSRQVHEHJLQVDOPRVWFRQWHPSRUDQHRXVO\7KRXJKWKHGHYHORSPHQWRIIXOO
UHVSRQVH WDNHV WLPH )LQDOO\ LW VHHPV WKDW IURP WKH SDWLHQWV¶ SHUVSHFWLYH
HVSHFLDOO\ LQ WKH ¿UVW IHZ ZHHNV RI WUHDWPHQW ZKDW DQWLSV\FKRWLFV GR LV
HQJHQGHU D ³GHWDFKPHQW´ IURP WKH V\PSWRPVPRUH WKDQ WKH\ ³HUDGLFDWH´
WKHV\PSWRPV
&RQFOXVLRQV7KHIRUHJRLQJVWXGLHVDQGWKDWDWWHQGDQWSUHFOLQLFDOOLWHUDWXUH
DOORZ RQH WR SURSRVH WKH IROORZLQJ K\SRWKHVLV$QWLSV\FKRWLFV YLD WKHLU
EORFNDGHRIWKHGRSDPLQH'UHFHSWRUVHVSHFLDOO\WKRVHLQWKHOLPELFYHQ
WUDOVWULDWXPOHDGWRDGDPSHQLQJRIWKHPRWLYDWLRQDOVDOLHQFHRIV\PSWRPV
7KLV OHDGV WR DQ LPPHGLDWH RQVHW DQG JUDGXDO HYROXWLRQ RI DQWLSV\FKRWLF
UHVSRQVHZKLFKIURPWKHSDWLHQW¶VSHUVSHFWLYHLVH[SHULHQFHGDVDGHWDFK
PHQWDQGGLVWDQFHIURPV\PSWRPVZLWKRXWWRWDOO\HUDGLFDWLQJWKHFRJQLWLYH
DQGSHUFHSWXDOFRQVWUXFWVRIWKHSV\FKRWLFH[SHULHQFH6LQFHWKHPHPRU\RI
WKHV\PSWRPVLVQHYHUHUDVHG±ZKHQWKHGRSDPLQH'EORFNDGHLVUHPRYHG
WKHV\PSWRPVEHFRPHUHLQYHVWHGZLWKDEHUUDQWVDOLHQFHDQGDUHODSVHZLWK
VLJQL¿FDQWKRPRORJ\ZLWKWKHRULJLQDOHSLVRGHHQVXHV
6
,VLWRQO\GRSDPLQH",PSDFWRI6FKL]RSKUHQLDDQG
$QWLSV\FKRWLF'UXJVRQ10'$5HFHSWRUVLQ9LYR
/\Q3LORZVN\
,QVWLWXWHRI3V\FKLDWU\.&/DQG,QVWLWXWHRI1XFOHDU0HGLFLQH
8&//RQGRQ8.
5RGULJR%UHVVDQ-DPHV6WRQH.MHOO(UODQGVVRQ5DFKHO0XOOLJDQ
3HWHU(OO
2EMHFWLYHV $ VFLHQWL¿F FRQVHQVXV VXSSRUWV WKH QRWLRQ WKDW GRSDPLQH
'' UHFHSWRU RFFXSDQF\ LQ YHQWUDO VWULDWDO DQG H[WUDVWULDWDO UHJLRQV LV
KHOSIXO IRU DQWLSV\FKRWLF HIIHFW +RZHYHU GRSDPLQH EORFNDGH LV DOVR DV
VRFLDWHG ZLWK PDQ\ XQZDQWHG VLGH HIIHFWV DQG DQ LPSRUWDQW PLQRULW\ RI
SDWLHQWV UHVSRQG OHVV WKDQ RSWLPDOO\ WR FXUUHQWO\ DYDLODEOH GUXJV 7KHUH
LV DSUHVVLQJQHHG WR LQYHVWLJDWHDOWHUQDWLYH WDUJHWV IRUGUXJGHYHORSPHQW
7KH10'$5 1PHWK\OGDVSDUWDWH UHFHSWRU LRQ FKDQQHO LV D SURPLVLQJ
FDQGLGDWH IRU H[SORUDWLRQ 10'$5 FKDQQHO EORFNHUV SUHGLFWDEO\ LQGXFH
SV\FKRWLFV\PSWRPV10'$5K\SRIXQFWLRQKDVEHHQLPSOLFDWHGLQDQLPDO
PRGHOVRIFRUWLFROLPELFWR[LFLW\10'$5DUHHVVHQWLDOIRUV\QDSWRJHQHVLV
DQGV\QDSWLFVWDELOLVDWLRQDQGWKH10'$DQGGRSDPLQHV\VWHPVLQWHUDFWLQ
D UHJXODWRU\PDQQHU8QWLO UHFHQWO\ LWKDVEHHQ LPSRVVLEOH WRHYDOXDWH WKH
10'$5FKDQQHOLQOLIH:HQRZXVHWKHQRYHOKLJKO\VHOHFWLYH3&30.
NHWDPLQH LQWUDFKDQQHO 10'$5 VLWH 63(7 OLJDQG >,@ &16 WR
DVVHVV WKH LPSDFW RI VFKL]RSKUHQLD DQG DQWLSV\FKRWLF GUXJ WUHDWPHQW RQ
>,@&16ELQGLQJLQYLYR
0HWKRGV+HDOWK\FRQWUROVQ GUXJIUHHVFKL]RSKUHQLFSDWLHQWVQ 
W\SLFDO DQWLSV\FKRWLF WUHDWHG Q  DQG FOR]DSLQH WUHDWHG SDWLHQWV Q 
ZHUHVWXGLHGZLWK>,@&1663(7.LQHWLFDQGHTXLOLEULXPPRGHO
OLQJRI>,@&16WLPHDFWLYLW\FXUYHVJHQHUDWHGSDUDPHWHUVHVWLPDWLQJ
>,@&16  ELQGLQJ WR WKH LQWUDFKDQQHO10'$5 VLWH %UHVVDQ HW DO
(UODQGVVRQHW DO7KHVH LQFOXGHG WRWDOYROXPHRIGLVWULEXWLRQ
RI >,@ &16  97 DQG VSHFL¿F ELQGLQJ LQGLFHV %, DQG %, GH
ULYHGE\QRUPDOLVDWLRQRI97WRZKROHEUDLQ5HJLRQRILQWHUHVW52,DQG
YR[HOEDVHG630DQDO\VLVRIERWK97DQG%,YR[HOPDSVZDVFRQGXFWHGWR
FRPSDUHSDUDPHWHUVEHWZHHQJURXSV
5HVXOWV97ZDVGHFUHDVHGFRPSDUHG WRKHDOWK\FRQWUROV LQDOO UHJLRQV LQ
SDWLHQWVRQFOR]DSLQHWUHDWPHQW7KHUHZDVDWUHQGWRZDUGVGHFUHDVHG97LQ
DOOUHJLRQVLQSDWLHQWVWUHDWHGZLWKW\SLFDODQWLSV\FKRWLFV'UXJIUHHSDWLHQWV
GLGQRWGLIIHUIURPKHDOWK\FRQWUROVZLWKUHVSHFWWR97EXWJRRGGLVFULPLQD
WLRQEHWZHHQKHDOWK\FRQWUROVDQGGUXJIUHHSDWLHQWJURXSVZDVIRXQGZLWK
ERWK%,DQG%,'UXJ IUHHSDWLHQWV VKRZHGVLJQL¿FDQWO\ ORZHU%,DQG
%,YDOXHVLQPHGLDOWHPSRUDOFRUWLFDOUHJLRQVWKDQFRQWUROV7KLVGLIIHUHQFH
LQ%,DQG%,ZDVQRWHYLGHQWLQGUXJWUHDWHGSDWLHQWV
&RQFOXVLRQV 7KHVH GDWD VXJJHVW DQ DOWHUQDWLYHPRGH RI DFWLRQ RI DQWLS
V\FKRWLF GUXJV ZKHUHE\ 10'$ G\VIXQFWLRQ LQ FRUWLFROLPELF UHJLRQV LV
DW OHDVW SDUWLDOO\ UHYHUVHG E\ DQWLSV\FKRWLF GUXJV 10'$5 DUH UHTXLUHG
IRUIXQFWLRQDOV\QDSWLFFRQQHFWLRQVDQG WKHUHJLRQDODQDO\VLVSUHVHQWHG LV
FRQVLVWHQWZLWKWKHQRWLRQWKDW10'$IXQFWLRQLVGLVUXSWHGLQVFKL]RSKUHQLD
DQGUHVWRUDWLRQRI10'$FLUFXLWU\LVRIHVSHFLDOLPSRUWIRUDQWLSV\FKRWLFHI
¿FDF\7KHVHGDWDPD\KHOSGULYHIXWXUHDQWLSV\FKRWLFGUXJGLVFRYHU\EDVHG
RQDFWLRQERWKDWJOXWDPDWHUJLFDQGGRSDPLQHUJLFVLWHV
5HIHUHQFHV
(UODQGVVRQ.%UHVVDQ5$0XOOLJDQ562ZHQV -:\SHU'*XQQ51
&XQQLQJKDP9-(OO3-3LORZVN\/61XFOHDU0HGLFLQHDQG%LRORJ\

%UHVVDQ5$(UODQGVVRQ.0XOOLJDQ562ZHQV -:\SHU'*XQQ51
&XQQLQJKDP9-(OO3-3LORZVN\/61XFOHDU0HGLFLQHDQG%LRO
RJ\
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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7KH3UHV\QDSWLFDQG([WUDVWULDWDO$FWLRQVRI$QWLSV\FKRWLFV
*HUKDUG*UQGHU
5:7+$DFKHQ8QLYHUVLW\*HUPDQ\
2EMHFWLYHV 2FFXSDQF\ RI 'OLNH GRSDPLQH UHFHSWRUV LV QHFHVVDU\ EXW
QRW VXI¿FLHQW IRU DQWLSV\FKRWLF HI¿FDF\ )XUWKHUPRUH WKH VWULDWXP DV WKH
WDUJHWVWUXFWXUHLQPDQ\3(7RFFXSDQF\VWXGLHVPLJKWQRWEHWKHIRUPDWLRQ
ZLWK WKH FORVHVW UHODWLRQVKLS WR VFKL]RSKUHQLF SKHQRPHQRORJ\7KHUHIRUH
ZH SHUIRUPHG3(7 VWXGLHV RQ WKH SUHV\QDSWLF DQG H[WUDVWULDWDO DFWLRQV RI
DQWLSV\FKRWLFV
0HWKRGV 6XEFKURQLF WUHDWPHQW ZLWK KDORSHULGRO GRZQUHJXODWHV GRSD
GHFDUER[\ODVH DFWLYLW\ ''& LQ VFKL]RSKUHQLF SDWLHQWV DVPHDVXUHGZLWK
>)@)'23$3(7 *UQGHU HW DO 1HXURSV\FKRSKDUPDFRORJ\  7R
IXUWKHUVWXG\WKHUHJXODWLRQRIGRSDPLQHV\QWKHVLV>)@)'23$3(7VFDQV
ZHUHDGPLQLVWHUHGSUHDQGSRVWDFXWHKDORSHULGROWUHDWPHQWLQQLQHQRUPDO
YROXQWHHUVPJGD\IRUGD\V7RGHWHUPLQH'UHFHSWRURFFXSDQF\E\
FOR]DSLQHDQG]LSUDVLGRQHUHVSHFWLYHO\LQH[WUDVWULDWDOFRPSDUHGWRVWULDWDO
EUDLQ UHJLRQV ZH SHUIRUPHG 3(7 VWXGLHV ZLWK WKH ''VHOHFWLYH KLJK
DI¿QLW\UDGLRWUDFHU>)@IDOO\SULGHLQVFKL]RSKUHQLFSDWLHQWVZLWKFRQFRPL
WDQWGHWHUPLQDWLRQRISODVPDFRQFHQWUDWLRQV$JURXSRIKHDOWK\YROXQWHHUV
VHUYHGDVFRQWUROJURXS'DWDZHUH¿WWRDVLPSOH(PD[PRGHOIRUDRQHVLWH
VDWXUDWLRQ
5HVXOWV $FXWH KDORSHULGRO VLJQL¿FDQWO\ LQFUHDVHG WKH PDJQLWXGH RI WKH
>)@)'23$3(7 QHW EORRGEUDLQ FOHDUDQFH.LQDSS LQ WKH SXWDPHQ 
DQG PHVHQFHSKDORQ  )XUWKHUPRUH WKH GLVWULEXWLRQ YROXPH 9H' LQ
EUDLQZDV LQFUHDVHG E\  ,QFUHPHQWV RI N' LQ EDVDO JDQJOLD UHDFKHG
QRWVWDWLVWLFDOVLJQL¿FDQFH)RUFOR]DSLQHPHDQ'UHFHSWRURFFXSDQF\ZDV
VWDWLVWLFDOO\ VLJQL¿FDQWO\KLJKHU LQ FRUWLFDO LQIHULRU WHPSRUDO FRUWH[
WKDQLQVWULDWDOUHJLRQVSXWDPHQFDXGDWH:KLOHWKHPD[LPXP
DWWDLQDEOHUHFHSWRURFFXSDQF\(PD[ZDVFORVHWRERWKLQVWULDWXPDQG
LQ FHUHEUDO FRUWH[ WKH SODVPD FRQFHQWUDWLRQ DW RI(PD[ ('ZDV
FOHDUO\KLJKHULQWKHSXWDPHQQJPOWKDQLQWKHLQIHULRUWHPSRUDOFRUWH[
QJPO)RU]LSUDVLGRQHSUHOLPLQDU\GDWDDQDO\VLVDOVRVXJJHVWVKLJKHU
H[WUDVWULDWDOWKDQVWULDWDO'UHFHSWRURFFXSDQF\
&RQFOXVLRQV 7KH SUHVHQW 3(7 UHVXOWV LQGLFDWH SRWHQWLDWLRQ RI )'23$
XWLOL]DWLRQ LQ KXPDQ EDVDO JDQJOLD E\ DFXWH KDORSHULGRO WUHDWPHQW DSSDU
HQWO\ GXH WR LQFUHDVHG DYDLODELOLW\ WKURXJKRXW EUDLQ 6WLPXODWLRQ RI''&
FDQQRWEHH[FOXGHGGXHWRLQVXI¿FLHQWVWDWLVWLFDOSRZHULQWKHHVWLPDWLRQRI
N'FKDQJHV([WUDVWULDWDOELQGLQJRIDQWLSV\FKRWLFVPLJKWEHPRUHFORVHO\
UHODWHGWRFOLQLFDOHI¿FDF\WKDQVWULDWDO
5HIHUHQFHV
*UQGHU*HWDO 6XEFKURQLFKDORSHULGROGRZQUHJXODWHVGRSDPLQH
V\QWKHVLVFDSDFLW\LQEUDLQRIVFKL]RSKUHQLFSDWLHQWVLQYLYR1HXURSV\FKRS
KDUPDFRORJ\
6
((*EDVHG1HXURLPDJLQJLQ3V\FKLDWU\
6
6\QFKURQL]HG%UDLQ$FWLYLW\GXULQJ6FKL]RSKUHQLD
7KRPDV.RHQLJ
'HSDUWPHQWRI3V\FKLDWULF1HXURSK\VLRORJ\8QLYHUVLW\+RVSLWDO
RI&OLQLFDO3V\FKLDWU\%HUQ6ZLW]HUODQG
0LWVXUX.LNXFKL'LHWULFK/HKPDQQ7KRPDV'LHUNV:HUQHU6WULN
0DQ\SDUWVRIKXPDQFRJQLWLRQDUHFRYHUHGLHWKH\DUHQRWGULYHQE\GLUHFW
H[WHUQDOLQSXWDQGGRQ¶WSURGXFHLPPHGLDWHRYHUWUHVSRQVHV7KHFRYHUWFRJ
QLWLYHVWDWHLVKRZHYHUUHOHYDQWIRUWKHDSSURSULDWHHYDOXDWLRQRIWKHHQYLURQ
PHQW DQG WKH VHOHFWLRQ RI EHKDYLRUDO UHVSRQVHV$EQRUPDO LQWHUQDO VWDWHV
PD\WKHUHIRUHEHSULRUVWRDEQRUPDOSHUFHSWLRQVDQGEHKDYLRUREVHUYHGLQ
VFKL]RSKUHQLFV6SRQWDQHRXVEUDLQDFWLYLW\FDQEHPHDVXUHGDQGTXDQWL¿HG
E\((*3K\VLFDOO\FKDQJHVRI((*WRSRJUDSK\LQGLFDWHFKDQJHVRIDFWLYH
EUDLQ UHJLRQV DQG WKHUHIRUH DVVXPLQJO\ D FKDQJH RIPRPHQWDU\ FRJQLWLYH
VWDWH :KHQ VWXG\LQJ FKDQJHV RI ((* WRSRJUDSK\ RQH ¿QGV WKDW WKHVH
FKDQJHVDUHGLVFRQWLQXRXVDQGVHSDUDWHGE\SHULRGVRITXDVLVWDEOHWRSRJ
UDSK\RIDERXWPVHFGXUDWLRQV7KHVHSHULRGVPLFURVWDWHVDVVXPLQJO\
UHSUHVHQWEDVLFVWHSVRILQIRUPDWLRQSURFHVVLQJDQGFRUUHVSRQGWRWUDQVLHQW
KLJKO\V\QFKURQL]HGJOREDOEUDLQHYHQWV,QVFKL]RSKUHQLFSDWLHQWVWKHGXUD
WLRQRI((*PLFURVWDWHVLVUHGXFHGWKLVSUHGRPLQDQWO\DIIHFWVPLFURVWDWHV
ZLWKFHUWDLQWRSRJUDSKLHV:KHQXVLQJPHDVXUHVRIV\QFKURQL]DWLRQEHWZHHQ
GLIIHUHQWEUDLQUHJLRQVVFKL]RSKUHQLFVVKRZOHVVV\QFKURQL]HGDFWLYLW\7KLV
UHGXFWLRQLVPRVWSURPLQHQWLQWKHWKHWDEDQGWKDWKDVEHHQDVVRFLDWHGZLWK
ZRUNLQJPHPRU\IXQFWLRQVLQDZDNHVXEMHFWV:HFRQFOXGHWKDWZHREVHUYH
DUHGXFHGDQGDEQRUPDOV\QFKURQL]DWLRQEHWZHHQEUDLQUHJLRQVLQSDWLHQWV
ZLWKVFKL]RSKUHQLD
6
$WWHQWLRQDQGFRQWH[WXSGDWLQJLQVFKL]RSKUHQLD/25(7$
ILQGLQJV
6LOYDQD*DOGHULVL
8QLYHUVLW\RI1DSOHV681,WDO\
$UPLGD0XFFL3DROD%XFFL8PEHUWR9ROSH(OHRQRUD0HUORWWL
0DULR0DM
2EMHFWLYHV 3DWLHQWV ZLWK GH¿FLW VFKL]RSKUHQLD FKDUDFWHUL]HG E\ SULPDU\
DQGHQGXULQJQHJDWLYHV\PSWRPVPLJKWSUHVHQWDGLVWLQFWSDWWHUQRIFRJQL
WLYHG\VIXQFWLRQVZLWKUHVSHFWWRWKRVHZLWKQRQGH¿FLWVFKL]RSKUHQLD,QWKH
SUHVHQW VWXG\DWWHQWLRQDQGFRQWH[WXSGDWLQJSURFHVVHVZHUH LQYHVWLJDWHG
E\ PHDQV RI WKH 1 DQG 3 FRPSRQHQWV RI WKH HYHQWUHODWHG SRWHQWLDOV
(53V LQ WKH WZR VFKL]RSKUHQLD VXEJURXSV ,QGXFHG  +] JDPPD DQG
HYHQWUHODWHGFRKHUHQFHLQWKHZKROH(53HSRFKZHUHVWXGLHGDVLQGLFHVRI
IXQFWLRQDOFRQQHFWLYLW\
0HWKRGV (53V ZHUH UHFRUGHG GXULQJ D WKUHHWRQH RGGEDOO WDVN LQ FOLQL
FDOO\VWDEOHSDWLHQWVZLWKVFKL]RSKUHQLDVXEW\SHGLQWRSDWLHQWVZLWKGH¿FLW
'6RUQRQGH¿FLWVFKL]RSKUHQLD1'6DQGPDWFKHGKHDOWK\FRPSDULVRQ
VXEMHFWV+&6$PSOLWXGHWRSRJUDSK\DQGFRUWLFDOVRXUFHVRI(53FRPSR
QHQWVDVZHOODVIURQWRWHPSRUDOHYHQWUHODWHGFRKHUHQFHDQGLQGXFHG+]
JDPPDSRZHUZHUHLQYHVWLJDWHGLQWKHWKUHHJURXSVRIVXEMHFWV
5HVXOWV '6 DQG 1'6 SDWLHQWV ZHUH FRPSDUDEOH IRU GXUDWLRQ RI LOOQHVV
VHYHULW\RISV\FKRSDWKRORJLFDOGLPHQVLRQVW\SHDQGGRVHRIDQWLSV\FKRWLF
GUXJWUHDWPHQW,Q'6SDWLHQWV1DPSOLWXGHZDVUHGXFHGZLWKUHVSHFWWR
+&6DQGGLGQRWVKRZHQKDQFHPHQWIRUWDUJHWVWLPXOL,QWKHVDPHJURXS
WRSRJUDSKLF DEQRUPDOLWLHV RI WKH 1 HOLFLWHG E\ VWDQGDUG VWLPXOL ZHUH
REVHUYHG DV FRPSDUHG WR ERWK 1'6 DQG +&6 /25(7$ GHPRQVWUDWHG
UHGXFHG FXUUHQW VRXUFH GHQVLW\ LQ WKH OHIW FLQJXODWH LQ'6SDWLHQWV YHUVXV
+&6 ,Q1'6SDWLHQWV 3E DPSOLWXGHZDV VLJQL¿FDQWO\ UHGXFHG RYHU WKH
SRVWHULRU WHPSRUDO UHJLRQVZLWK UHVSHFW WR+&6 ,Q1'6 SDWLHQWV YHUVXV
+&6/25(7$ VKRZHG UHGXFHG FXUUHQW VRXUFH GHQVLW\ LQ WKH OHIW IURQWR
SDULHWRWHPSRUDO UHJLRQV ULJKW VXSSOHPHQWDU\ PRWRU DUHD DQG SRVWHULRU
FLQJXODWH,QWKHVDPHSDWLHQWJURXSZLWKUHVSHFWWR+&6DOSKDDQGEHWD
HYHQWUHODWHGFRKHUHQFHDVZHOODVLQGXFHG+]JDPPDSRZHULQWKHWLPH
ZLQGRZHQFRPSDVVLQJWKH3EZHUHUHGXFHG
&RQFOXVLRQV3DWLHQWVZLWKSULPDU\DQGHQGXULQJQHJDWLYHV\PSWRPVGLIIHU
IURPWKRVHZLWKRXWWKHVHIHDWXUHVLQERWKWKHWLPHFRXUVHDQGEUDLQVRXUFHV
RIWKHREVHUYHGIXQFWLRQDODEQRUPDOLWLHV:KLOHSDWLHQWVZLWKSULPDU\QHJD
WLYHV\PSWRPVDUHFKDUDFWHUL]HGE\DEQRUPDOLWLHVRIHDUO\DWWHQWLRQUHODWHG
SURFHVVHVWKRVHZLWKQRQGH¿FLWVFKL]RSKUHQLDGHPRQVWUDWHSRRULQWHJUDWLRQ
RIWKHPXOWLSOHFRJQLWLYHFRPSRQHQWVFRQWULEXWLQJWRWKH3
6
4((*&KDQJHVRI$W\SLFDO$QWLSV\FKRWLFV
7RVKLKLNR.LQRVKLWD
.DQVDL0HGLFDO8QLYHUVLW\'HSWRI3V\FKLDWU\-DSDQ
2NXJDZD*<RVKLPXUD0,VRWDQL7
7KH SULQFLSOH RI ((*EDVHG GUXJ FODVVL¿FDWLRQ LV WKDW VLQJOH GRVHV RI
WKHUDSHXWLFDOO\ HTXLYDOHQW SV\FKRWURSLFV FDXVH VLPLODU ((* FKDQJHV
ZKLOH WKHUDSHXWLFDOO\ GLIIHUHQW SV\FKRWURSLFV SURGXFH GLIIHUHQW FKDQJHV
+RZHYHUWUDGLWLRQDO((*IUHTXHQF\DQDO\VLVKDVJHQHUDOO\EHHQUHVWULFWHG
WRDSKHQRPHQRORJLFDOGHVFULSWLRQRIORFDOHIIHFWVZLWKLQWKHHOHFWURGHDUUD\
ZLWKRXWGLUHFWXVHRIWKHVSDWLDOLQIRUPDWLRQ7KHSUHVHQWVWXG\DSSOLHGIRU
VSDWLDODQDO\VHVRIPXOWLFKDQQHOVWKDWHVWLPDWHWHPSRUDOEUDLQLQIRUPDWLRQ
SURFHVVLQJ
(IIHFWRIIRXUQRYHODW\SLFDODQWLSV\FKRWLFGUXJVRODQ]DSLQHSHURVSLURQH
TXHWLDSLQH DQG ULVSHULGRQH RQ VFDOSUHFRUGHG PXOWLFKDQQHO ((*V ZHUH
FRPSDUHG ZLWK WZR FRQYHQWLRQDO W\SLFDO DQWLSV\FKRWLF GUXJV FKORUSUR
PD]LQHDQGKDORSHULGRODQGSODFHER LQ IRXUWHHQKHDOWK\PDOHYROXQWHHUV
.%52/)-!').'¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
$OO VXEMHFWV ZHQW WKURXJK VHYHQ VHVVLRQV ,Q HDFK VHVVLRQ ((*V ZHUH
UHFRUGHGEHIRUHDQGDQGKRXUVDIWHUGUXJDGPLQLVWUDWLRQ
*OREDO )LHOG 3RZHU *)3 LQ GHOWD IUHTXHQF\ EDQG  +] LQFUHDVHG
DURXQGWKHWLPHRISHDNVHUXPFRQFHQWUDWLRQRITXHWLDSLQHDQGULVSHULGRQH
FRPSDUHGWREDVHOLQH7KHLQFUHDVHRI*)3LQGHOWDDFWLYLW\DIWHUTXHWLDSLQH
ZDV VLJQL¿FDQWO\ SURPLQHQW LQ FRPSDULVRQ WR WZR RWKHU DW\SLFDO DQWLSV\
FKRWLFGUXJVSHURVSLURQHDQGRODQ]DSLQHDVZHOODVWRW\SLFDODQWLSV\FKRWLF
GUXJV FKORUSURPD]LQH DQG KDORSHULGRO S 7KH LQFUHDVH LQ *)3 RI
GHOWDDIWHUULVSHULGRQHZDVPRUHSURPLQHQWLQFRPSDULVRQWRDIWHUKDORSHUL
GRO S7KHJUHDWHUVHGDWLYHHIIHFWVDIWHUTXHWLDSLQHDQGULVSHULGRQH
PD\UHÀHFWWKHKLJKDI¿QLW\WR$DQG+UHFHSWRUELQGLQJVRIWKHVHGUXJV
$FFRUGLQJWR/25(7$RODQ]DSLQHLQFUHDVHGWKHGHOWDLQWKHSRVWHULRUUH
JLRQLQGLFDWLQJDIURQWDOVKLIWRIEUDLQDFWLYLW\IURQWDODFWLYDWLRQVXJJHVWLQJ
WKDWRODQ]DSLQHPLJKWEHXVHIXODJDLQVWQHJDWLYHV\PSWRPVLQVFKL]RSKUHQLD
,QDGGLWLRQPLFURVWDWHPRGHOPDSGXUDWLRQFKDQJHVFDXVHGE\WKHVHDW\SLFDO
DQWLSV\FKRWLFVPLJKWEHVKRZQLQWKLVSUHVHQWDWLRQRIZKLFKVFKL]RSKUHQLD
KDVVKRUWHUWKDQQRUPDOFRQWUROV
6
&RUWLFDO6RXUFHVRI(OHFWURHQFHSKDORJUDSKLF(HJ5K\WKPV
GXULQJ3DWKRORJLFDO$JLQJ
&ODXGLR%DELORQL
,WDO\
2EMHFWLYHV 7KLV HOHFWURHQFHSKDORJUDSKLF ((* VWXG\ DQDO\]HG L WKH
GLVWULEXWHG((*VRXUFHVVSHFL¿FIRUPLOGFRJQLWLYHLPSDLUPHQW0&,FRP
SDUHGWR$O]KHLPHU'LVHDVH$'DQGQRUPDOHOGHUO\1ROGVXEMHFWVLLWKH
HIIHFWVRIWKH$SROLSRSURWHLQ($SR(RQUHVWLQJ((*UK\WKPVLQ0&,DQG
$'VXEMHFWVDQGLLLWKHHIIHFWVRI&67WKHJHQHFRGLQJIRU&\VWDWLQ&
KDSORW\SHVRQUHVWLQJ((*UK\WKPVLQ0&,DQG$'VXEMHFWV
0HWKRGV 5HVWLQJ FORVHGH\HV ((*  HOHFWURGH PRQWDJH ZDV UH
FRUGHGIURPPLOG$'0&,DQG1ROGVXEMHFWV((*UK\WKPV
RI LQWHUHVWZHUHGHOWD+] WKHWD+]DOSKD+]DOSKD
+]EHWD+]DQGEHWD+]&RUWLFDOVRXUFHV
ZHUHHVWLPDWHGE\ ORZUHVROXWLRQEUDLQHOHFWURPDJQHWLF WRPRJUDSK\ /2
5(7$
5HVXOWV,VVXHLDPSOLWXGHRIGHOWDRFFLSLWDODUHDDQGDOSKDSDULHWDO
RFFLSLWDO WHPSRUDO DQG OLPELF DUHDV KDG DQ LQWHUPHGLDWH YDOXH LQ0&,
VXEMHFWV FRPSDUHG WR PLOG$' DQG 1ROG VXEMHFWV )XUWKHUPRUH SHFXOLDU
HQKDQFHPHQWRISDULHWDODOSKDFKDUDFWHUL]HG0&,FRPSDUHGWR1ROGDQG
PLOG$'VXEMHFWV,VVXHLLDPSOLWXGHRIDOSKDDQGRFFLSLWDOWHPSRUDO
DQGOLPELFDUHDVVRXUFHVLQZDVORZHULQVXEMHFWVFDUU\LQJWKHİDOOHOHWKDQ
LQWKRVHQRWFDUU\LQJWKHİDOOHOH,VVXHLLLDPSOLWXGHRIDOSKDFHQWUDO
SDULHWDORFFLSLWDOWHPSRUDODUHDVDQGDOSKDRFFLSLWDODUHDZDVORZHULQ
&67%FDUULHUVWKDQQRQFDUULHUVZKLOHDPSOLWXGHRIRFFLSLWDOGHOWDVRXUFHV
ZDVVWURQJHULQ&67%FDUULHUVWKDQLQQRQFDUULHUV
&RQFOXVLRQV 7KH SUHVHQW UHVXOWV VKRZHG WKDW L0&, DUH FKDUDFWHUL]HG
E\ERWKWUDQVLWLRQDODQGSHFXOLDUSURFHVVHVLLWKH$SR(DQG&67DIIHFWV
UHVWLQJ((*UK\WKPVLQ$'DQG0&,VXEMHFWV
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6OHHSDQG0HPRU\&RQVROLGDWLRQ/RZ5HVROXWLRQ%UDLQ
(OHFWURPDJQHWLF7RPRJUDSK\/25(7$6WXGLHV
*HRUJ*UXEHU
7KH6LHVWD*URXS6FKODIDQDO\VH*PE+9LHQQD$XVWULD
3HWHU$QGHUHU%HUQG6DOHWX:ROIJDQJ.OLPHVFK
0DQXHO6FKDEXV-RVHI=HLWOKRIHU
2EMHFWLYHV ([SHULHQFHGHSHQGHQW FRUWLFDO SODVWLFLW\ REVHUYHG GXULQJ
SRVWWUDLQLQJVOHHSKDVEHHQK\SRWKHVL]HGWREHSDUWRIWKHJOREDOSURFHVVRI
PHPRU\ FRQVROLGDWLRQ /RZUHVROXWLRQ EUDLQ HOHFWURPDJQHWLF WRPRJUDSK\
/25(7$RIIHUVWKHSRVVLELOLW\RILQYHVWLJDWLQJXQGHUQRUPDOXQGLVWXUEHG
VOHHSLQJFRQGLWLRQVZKHQLQZKLFKVOHHSVWDJHVDQGZKHUHLQZKLFKFRUWL
FDOEUDLQUHJLRQVH[SHULHQFHGHSHQGHQWUHDFWLYDWLRQRFFXUV5HFHQWVWXGLHV
VXJJHVWDFRQQHFWLRQEHWZHHQH[SOLFLWPHPRU\WDVNVDQGWKHDFWLYLW\RIVOHHS
VSLQGOHVLQWKHQLJKWIROORZLQJOHDUQLQJ
0HWKRGV7ZHQW\IRXU\RXQJKHDOWK\YROXQWHHUVVSHQWQLJKWVLQWKHVOHHS
ODE$IWHU DQDGDSWDWLRQQLJKW VXEMHFWVZHUH UDQGRPO\DVVLJQHG LQ WKHQG
DQG UG QLJKW HLWKHU WR D FRQWURO FRQGLWLRQZLWKRXW LQWHQWLRQDO OHDUQLQJ RU
WR DQ H[SHULPHQWDO FRQGLWLRQ GHFODUDWLYH PHPRU\ WDVN SDLUHGDVVRFLDWH
ZRUGOLVWZRUGSDLUVKRXUVEHIRUHVOHHS6XEMHFWVSHUIRUPHGFXHG
UHFDOOLQWKHHYHQLQJDQGLQWKHIROORZLQJPRUQLQJ6SLQGOHVZHUHGHWHFWHG
DXWRPDWLFDOO\E\PHDQVRIWKH6RPQRO\]HU[DQG/25(7$ZDVDSSOLHG
WRVVSLQGOHDVZHOODVQRQVSLQGOHHSRFKVLQVWDJH
5HVXOWV &KDQJHV LQ VSLQGOH LQWHQVLW\ H[SHULPHQWDOPLQXV FRQWURO QLJKW
ZHUHVLJQL¿FDQWO\FRUUHODWHGWRRYHUQLJKWFKDQJHVLQPHPRU\SHUIRUPDQFH
U   S7KHVH FRUUHODWLRQVZHUHPRVW SURPLQHQW LQ WKH¿UVW WKUHH
KRXUV SDUWV RI WKH QLJKW &KDQJHV LQPHPRU\ SHUIRUPDQFH FRUUHODWHG
VLJQL¿FDQWO\RQO\ZLWKIDVWEXWQRWZLWKVORZVSLQGOHPHDVXUHV&RUUHODWLRQ
DQDO\VHV EHWZHHQ FKDQJHV LQ /25(7$ VSLQGOH SRZHU DQG PHPRU\ SHU
IRUPDQFH GHPRQVWUDWHG VLJQL¿FDQW QHJDWLYH FRUUHODWLRQV DW  +] OHIW
WHPSRURRFFLSLWDOO\ DQG VLJQL¿FDQWSRVLWLYH FRUUHODWLRQV DW +] LQ WKH
ULJKWPHGLDO WHPSRUDO OREH LQFOXGLQJ KLSSRFDPSXV SURSHU WKH IXVLIRUP
J\UXV WKH WHPSRUDO %$VDQGIURQWDO OREH %$VDQG LQ WKH
FLQJXODWHJ\UXV%$V
&RQFOXVLRQV7KHLQWHQVLW\RIIDVWEXWQRWRIVORZVSLQGOHVGXULQJ6VOHHS
ZDVVLJQL¿FDQWO\FRUUHODWHGWRGHFODUDWLYHPHPRU\SHUIRUPDQFH/25(7$
UHYHDOHGSRVLWLYHFRUUHODWLRQVLQWKHIDVWVSLQGOHIUHTXHQF\EDQGH[FOXVLYHO\
LQEUDLQUHJLRQVZKRVHDFWLYLW\±DVVKRZQE\3(7VWXGLHV LVDVVRFLDWHG
ZLWKKRZZHOOGHFODUDWLYHPHPRU\ WDVNVDUHSHUIRUPHG7KXV WKHSUHVHQW
VWXG\GLUHFWO\SURYHVWKHLQYROYHPHQWRIVOHHSVSLQGOHDFWLYLW\LQWKHFRQ
VROLGDWLRQHQKDQFHPHQWRIH[SOLFLWPHPRU\
$FNQRZOHGJPHQW 5HVHDUFK VXSSRUWHG E\ $XVWULDQ ,QGXVWULDO 5HVHDUFK
3URPRWLRQ)XQG3URMHFW
6
)XQFWLRQDO,PDJLQJDQGWKH,QWHUDFWLRQRI&RJQLWLRQDQG
(PRWLRQ
6
1R$EVWUDFW5HFHLYHG
+DQV%UHLWHU
86$
6
&RXOG&RPELQHGI05,((*0HDVXUHPHQWV+HOSWR
8QGHUVWDQG(PRWLRQDODQG&RJQLWLYH,QWHUDFWLRQV"
*HRUJ-XFNHO
'HSWRI3V\FKLDWU\&KDULWH&DPSXV0LWWH%HUOLQDQG'HSWRI
3V\FKLDWU\/XGZLJ0D[LPLOLDQV8QLYHUVLW\0XQLFK*HUPDQ\
&KULVWRSK0XOHUW
I05,DQG((*DUHFRPSOLPHQWDU\PHWKRGVIRUWKHDQDO\VLVRIEUDLQDFWLYLW\
VLQFHHDFKPHWKRGKDVLWVVWUHQJWKZKHUHWKHRWKHURQHKDVOLPLWV7KHVSDWLDO
UHVROXWLRQLVWKXVLQWKHUDQJHRIPLOOLPHWHUVZLWKI05,DQGWKHWLPHUHVROX
WLRQLV LQ WKHUDQJHRIPLOOLVHFRQGVZLWK((*$XGLWRU\HYRNHGSRWHQWLDOV
DVWKH3FRPSRQHQWDQGWKHORXGQHVVGHSHQGHQFH/'$(3DUHUHODWHG
WREDVLFFRJQLWYHLQIRUPDWLRQSURFHVVLQJDQGDUHPRGXODWHGE\QHXURWUDQV
PLWWHUVDVVHURWRQLQEHLQJLQYROYHGHJLQPRRGDQGHPRWLRQDOUHJXODWLRQ
&RQFHUQLQJWKH3FRQFRUGDQWDFWLYDWLRQVZHUHIRXQGLQPRVWUHJLRQVLQ
FOXGLQJWKHWHPSRURSDULHWDOMXQFWLRQWKHVXSSOHPHQWDU\PRWRUDUHDDQWHULRU
FLQJXODWH FRUWH[ WKH LQVXOD DQG WKH PLGGOH IURQWDO J\UXV ZLWK D PHDQ
(XFOLGHDQGLVWDQFHRI)PPEHWZHHQWKH%2/'FHQWHUVRIJUDYLW\
DQGWKHORZUHVROXWLRQHOHFWURPDJQHWLFWRPRJUDSK\/25(7$PD[LPD$
VHFRQG FRPELQHG I05,((* VWXG\ IRXQG D KLJK FRUUHODWLRQ EHWZHHQ WKH
H[WHQWRII05,DFWLYDWLRQQXPEHURIDFWLYDWHGYR[HOVDQGWKHPHDQFXUUHQW
VRXUFHGHQVLW\RI WKH/'$(3ZLWKLQ WKH VDPH UHJLRQRI LQWHUHVW FRYHULQJ
WKHSULPDU\DXGLWRU\FRUWH[7KLVLVLPSRUWDQWVLQFHVHURWRQHUJLFDFWLYLW\LV
PXFKPRUHKLJKHULQWKHSULPDU\DVLQWKHVHFRQGDU\DXGLWRU\FRUWH[7KHVH
UHVXOWVVXJJHVWWKDWWKHFRPELQDWLRQRI((*DQGI05,SHUPLWVDQLPSURYHG
XQGHUVWDQGLQJ RI WKH VSDWLRWHPSRUDO G\QDPLFV RI QHXURSK\VLRORJLFDO DQG
QHXURFKHPLFDOSURFHVVHVUHODWHGWRFRJQLWLYHDQGHPRWLRQDOLQWHUDFWLRQV
.%52/)-!').'¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
7UDQVODWLRQDO0RGHOIRU+XPDQDQG0RXVH$P\JGDOD
$FWLYDWLRQ
(ULFK6HLIULW]
8QLYHUVLW\+RVSLWDORI&OLQLFDO3V\FKLDWU\8QLYHUVLW\RI%HUQ
6ZLW]HUODQG
'RPLQLN%DFK&\ULO+HUU\.ODXV6FKHIÀHU$QGUHDV/WKL
2EMHFWLYHV7KHDP\JGDODLVFHQWUDOIRUPHGLDWLQJHPRWLRQDOSURFHVVHVLQ
WKHPDPPDOLDQEUDLQ7\SLFDOO\QHXUDODFWLYLW\LQDP\JGDODXSRQVHQVRU\
VWLPXODWLRQ LV VKRUWOLYHG DQG UDSLGO\ KDELWXDWLQJ (YLGHQFH VXJJHVWV WKDW
VRPH SV\FKLDWULF FRQGLWLRQV LQFOXGLQJ DQ[LHW\ DQG UHODWHG GLVRUGHUV PD\
H[KLELWDOWHUHGVHQVLWLYLW\DQGQHXUDOWRQHLQDP\JGDOD+RZHYHULWKDVQRW
EHHQSRVVLEOHWRPRGHOVXFKVWDWHLQKXPDQVDQGDQLPDOV
0HWKRGV+HUHZHSUHVHQWDQRYHO VWLPXODWLRQSDUDGLJPFRLQHG WUDQVOD
WLRQDOVHQVRU\VWLPXODWLRQSDUDGLJPWU63ZKLFKLVGHVLJQHGWRLQGXFHQRQ
KDELWXDWLQJDQGSHUVLVWHQWQHXUDODFWLYDWLRQLQKXPDQDQGPRXVHDP\JGDOD
:HHYDOXWDWHGWU63ERWKRQWKHQHXURQDODQGWKHEHKDYLRUDOOHYHORIKXPDQV
DQG DQLPDOV ,Q KXPDQVZH XVHG IXQFWLRQDOPDJQHWLF UHVRQDQFH LPDJLQJ
DQG QHXURSV\FKRORJLFDO WHVWLQJ LQ PLFH ZH XVHG PROHFXODU ELRORJLFDO
HOHFWURSK\VLRORJLFDODQGEHKDYLRUDOWHVWLQJ
5HVXOWV ,Q KXPDQV WU63 LQFUHDVHG EORRG R[\JHQ OHYHOGHSHQGHQW VLJQDO
LQDP\JGDOD7KLVZDVDFFRPSDQLHGE\EHKDYLRUDOFKDQJHVLQDYLVXDOGRW
SUREHZKLFKZDVSUHYLRXVO\VHHQRQO\LQKLJKDQ[LRXVVXEMHFWVDQGVXEMHFWV
ZLWK DQ[LHW\ GLVRUGHU ,QPLFH WU63 LQGXFHG H[SUHVVLRQRI WKH LPPHGLDWH
HDUO\JHQHFIRVDQGDSHUVLVWHQWLQFUHDVHLQQHXUDODFWLYLW\DVPHDVXUHGE\
H[WUDFHOOXODUVLQJOHXQLWUHFRUGLQJV7KLVZDVDFFRPSDQLHGE\WKHLQGXFWLRQ
RIDQ[LHW\OLNHEHKDYLRURQWKHHOHYDWHGSOXVPD]HDQGSODFHDYHUVLRQWHVW
&RQFOXVLRQV:HFRQFOXGHWKDWWU63LQFUHDVHVSHUVLVWHQWO\QHXUDOWRQHLQKX
PDQDQGPRXVHDP\JGDODDQGLQGXFHVDQDQ[LHW\OLNHVWDWHLQKHDOW\KXPDQV
DQGDQLPDOV7KXVWU63UHSUHVHQWVDWUDQVODWLRQDOPRGHOIRUWKHFOLQLFDODQG
SKDUPDFRORJLFDOLQYHVWLJDWLRQRIDQ[LHW\DQGUHODWHGFRQGLWLRQV
6
'LIIHUHQFHVLQ(PRWLRQDO5HDFWLYLW\LQ/LWKLXP7UHDWHG
%LSRODU6XEMHFWVDQG7KHLU+HDOWK\6LEOLQJV0HDVXUHGZLWK
3RVLWURQ(PLVVLRQ7RPRJUDSK\3(7
6WHSKDQLH.UJHU
8QLYHUVLW\RI'UHVGHQ*HUPDQ\
0DUWLQ$OGD+HOHQ0D\EHUJ7UHYRU<RXQJ
2EMHFWLYHV 6HQVLWLYLW\ WR HPRWLRQDO VWUHVV LV NQRZQ WR SURYRNH PRRG
HSLVRGHVLQELSRODUSDWLHQWV+RZHYHUVRPHSDWLHQWVUHPDLQVWDEOHRQPHGL
FDWLRQVDSSDUHQWO\ OHVVYXOQHUDEOH WKDQRWKHUV7KH LGHQWL¿FDWLRQRIEUDLQ
UHJLRQVLQYROYHGLQWKHSUHGLVSRVLWLRQWRDQGSURWHFWLRQIURPYXOQHUDELOLW\
WRHPRWLRQDOVWLPXOLLVWKHIRFXVRIWKHFXUUHQWVWXG\,QLWZHLQYHVWLJDWHGLI
WKHYXOQHUDELOLW\WRHPRWLRQDOVWUHVVLVDDVKDUHGPDUNHURIELSRODUSDWLHQWV
DQGWKHLUIDPLO\PHPEHUVDWULVNDQGEDQLGHQWL¿HURIGLIIHUHQWVXEW\SHV
RIELSRODUGLVRUGHU
0HWKRGV7UDQVLHQW VDGQHVVZDV LQGXFHG LQ HXWK\PLF OLWKLXP UHVSRQGHUV
ZLWK%' DQG WKHLU KHDOWK\ VLEOLQJV5HJLRQDO EORRG ÀRZ U&%) FKDQJHV
ZHUH PHDVXUHG XVLQJ 2ZDWHU SRVLWURQ HPLVVLRQ WRPRJUDSK\ 3(7
7KHVH ZHUH FRPSDUHG ZLWK ¿QGLQJV IURP D SUHYLRXV VWXG\ RQ HXWK\PLF
VXEMHFWVZLWKELSRODUGLVRUGHUZKRUHVSRQGHGWRYDOSURDWH
5HVXOWV,QGXFWLRQRIVDGQHVVOHGWRDVLPLODUU&%)FKDQJHSDWWHUQLQOLWKLXP
UHVSRQGHUVDQGVLEOLQJVZLWKLQFUHDVHGU&%)LQGRUVDOURVWUDODQWHULRUFLQ
JXODWHDQGDQWHULRULQVXODDQGGHFUHDVHGU&%)LQRUELWRIURQWDODQGLQIHULRU
WHPSRUDOFRUWLFHV'LIIHUHQFHVLQFOXGHGDQLQFUHDVHLQWKHVLEOLQJVLQPHGLDO
IURQWDOFRUWH[ZKHUHDVWKHOLWKLXPJURXSVKRZHGDGHFUHDVHGU&%)LQWKLV
UHJLRQ,QFRQWUDVWWRWKHWZRRWKHUJURXSVYDOSURDWHUHVSRQGHUVVKRZHGD
K\SRSHUIXVLRQLQURVWUDODQWHULRUFLQJXODWHDQGDXQLTXHGHFUHDVHRIU&%)
LQGRUVRODWHUDOSUHIURQWDOFRUWH[6LPLODUWRWKHOLWKLXPJURXSPHGLDOIURQWDO
FRUWH[U&%)ZDVGHFUHDVHGLQWKHYDOSURDWHJURXS
&RQFOXVLRQV:HKDYHLGHQWL¿HGVHYHUDOUHJLRQVZKLFKPD\EHFRQVLGHUHG
VLWHVRIGLVHDVHULVNELSRODUYXOQHUDELOLW\WRHPRWLRQDOVWUHVVRUELWRIURQWDO
FRUWH[DQGGRUVDODQWHULRUFLQJXODWHDQGZKLFKDUHSUHVHQWLQSDWLHQWVZLWK
ELSRODUGLVRUGHURQGLIIHUHQWPHGLFDWLRQVDQGWKRVHZLWKDSRVLWLYHIDPLO\
KLVWRU\ RI WKH LOOQHVV )XUWKHUPRUH LQ WZR UHJLRQV LQFUHDVHGPHWDEROLVP
SURWHFWV DJDLQVW HPRWLRQDO GHFRPSHQVDWLRQ ,QWHUDFWLRQ EHWZHHQ WKHVH
UHJLRQVRQDQLQFUHDVHGDFWLYLW\OHYHOLVUHOHYDQWIRUHPRWLRQDOKRPHRVWDVLV
PHGLDO IURQWDO FRUWH[ URVWUDO DQWHULRU FLQJXODWH 7KH LGHQWL¿FDWLRQ RI
SDWLHQWVXEJURXSVSHFL¿FU&%)FKDQJHVFHQWHUVDURXQGGLPLQXLVKHGDELOLW\
WRFRUUHFWHPRWLRQDOUHVSRQVHVLQWKHYDOSURDWHJURXSDQGPRUHSURWHFWLRQ
DJDLQVWHPRWLRQDOVWLPXOLLQWKHOLWKLXPJURXS
5HIHUHQFHV
.UJHU66HPLQRZLF]'*ROGDSSOH..HQQHG\6+0D\EHUJ+66WDWH
DQGWUDLWLQÀXHQFHVRQPRRGUHJXODWLRQLQELSRODUGLVRUGHUEORRGÀRZGLI
IHUHQFHVZLWKDQDFXWHPRRGFKDOOHQJH%LRO3V\FKLDWU\
/LRWWL00D\EHUJ+0F*LQQLV6%UHQQDQ6-HUDEHN30RRGFKDOOHQJHLQ
UHPLWWHGXQLSRODUGHSUHVVLRQXQPDVNVGLVHDVHVSHFL¿FFHUHEUDOÀRZDEQRU
PDOLWLHV$P-3V\FKLDWU\
6
7KHRU\RI0LQG3HUVSHFWLYH7DNLQJDQG6FKL]RSKUHQLD
.DL9RJHOH\
*HUPDQ\
7KHUHFRQVWUXFWLRQRISV\FKRSDWKRORJLFDOV\PSWRPVDVQHXURSV\FKRORJLFDO
FRUHGLVWXUEDQFHVLVDSURPLQHQWUHVHDUFKVWUDWHJ\LQVFKL]RSKUHQLDUHVHDUFK
,WDOORZVWKHFKDUDFWHUL]DWLRQRIFDQGLGDWHEUDLQUHJLRQVWKDWDUHSDWKRSK\VL
RORJLFDOO\UHOHYDQW,QWKLVUHVSHFWWKHIROORZLQJWZRFRJQLWLYHPHFKDQLVPV
DSSHDUWREHFUXFLDOIRUWKHGHYHORSPHQWRIVFKL]RSKUHQLD¿UVWGLVWXUEDQFHV
RI WKH VRFDOOHG WKHRU\RIPLQG 720DELOLW\ZKLFKDOORZVXV WRSUHGLFW
DQGH[SODLQRWKHUSHRSOHVEHKDYLRUDQG VHFRQGGLVWXUEDQFHVRI VHOIFRQ
VFLRXVQHVVWKDWDOORZVWRUHSUHVHQWRQHVRZQPHQWDORUERGLO\VWDWHVDVRQHV
RZQPHQWDO RU ERGLO\ VWDWHV DQG FRPSULVHV HVVHQWLDO FRQVWLWXHQWV VXFK DV
WKHH[SHULHQFHVRIRZQHUVKLSERG\FHQWHUHGVSDWLDOSHUVSHFWLYLW\DQGORQJ
WHUPXQLW\RIEHOLHIVDQGDWWLWXGHV:HSUHVHQWDWD[RQRP\WKDWGLIIHUHQWLDWHV
GLIIHUHQW OHYHOV RI VHOIFRQVFLRXV VWDWHV 7KLV WD[RQRP\ ZLOO EH HQULFKHG
E\ GLIIHUHQW H[SHULPHQWDO DSSURDFKHV WKDW RSHUDWLRQDOL]H WKH VSHFL¿F GLI
IHUHQFH RI ¿UVWSHUVRQ 33 FHQWHUHG XSRQ RQHV RZQ ERG\ DV RSSRVHG
WR WKH WKLUGSHUVRQSHUVSHFWLYH 337KHVH FDSDFLWLHV FDQ EHPDSSHG WR
WKHEUDLQHPSOR\LQJIXQFWLRQDOLPDJLQJPHWKRGV,WFDQEHVKRZQWKDWWKH
PHGLDODQWHULRUSUHIURQWDOFRUWH[LQDGGLWLRQWRPHGLDOSDULHWDODQGSRVWHULRU
WHPSRUDOUHJLRQVDUHFDQGLGDWHEUDLQUHJLRQVLQZKLFKWKLVGLIIHUHQWLDOFDSDF
LW\DSSHDUVWREHLPSOHPHQWHG7KHUHOHYDQFHIRUGLIIHUHQWSV\FKRSDWKRORJL
FDOSKHQRPHQDDQG LWVSRWHQWLDO IRU WKHSDWKRSK\VLRORJLFDOH[SODQDWLRQRI
VFKL]RSKUHQLDZLOOEHGLVFXVVHG7KLVUHVHDUFKVWUDWHJ\DOORZVWRVWXG\WKH
SDWKRSK\VLRORJ\RIVFKL]RSKUHQLDWKDWLVPRWLYDWHGE\LWVSV\FKRSDWKRORJ\
DQGZKLFKLVEDVHGRQDFRJQLWLYHPRGHORIWKHGLVHDVH
$GGUHVVIRUFRUUHVSRQGHQFH.DL9RJHOH\'HSDUWPHQWRI3V\FKLDWU\.HU
SHQHU6WU&RORJQH)5*3KRQH)D[
HPDLONDLYRJHOH\#XNNRHOQGH
6
)XQFWLRQDO1HXURDQDWRP\DQG1HXURWUDQVPLVVLRQRI
3UHIURQWDO&RUWH[LQ3V\FKLDWULF'LVRUGHUV
6
)URP)XQFWLRQDO1HXURDQDWRP\RI3UHIURQWDO&RUWH[WR
1HXURFRJQLWLYH(QGRSKHQRW\SHVRI3V\FKLDWULF'LVRUGHUV
2OLYHU*UXEHU
'HSDUWPHQWRI3V\FKLDWU\6DDUODQG8QLYHUVLW\+RVSLWDO+RPEXUJ
6DDU*HUPDQ\
3HWHU)DONDL
2EMHFWLYHV 7KHUH DUH VRPH PHWKRGRORJLFDO OLPLWDWLRQV RI IXQFWLRQDO
QHXURLPDJLQJVWXGLHVLQSDWLHQWVZKLFKSURKLELWGLUHFWLQYHVWLJDWLRQRIWKH
QHXUDOVXEVWUDWHVRIFRJQLWLYHGH¿FLWV,QRUGHUWRLGHQWLI\VSHFL¿FG\VIXQF
WLRQDO EUDLQ QHWZRUNV ZKLFK PD\ SHUPLW D ELRORJLFDO FKDUDFWHUL]DWLRQ RI
PHQWDOGLVRUGHUVLWLVQHFHVVDU\WRFRPELQHIXQFWLRQDOQHXURLPDJLQJVWXGLHV
LQ KHDOWK\ KXPDQ VXEMHFWV ZLWK FRUUHVSRQGLQJ EHKDYLRUDO H[SHULPHQWV LQ
SDWLHQWV ZLWK SV\FKLDWULF V\QGURPHV:HZLOO H[HPSOLI\ WKLV DSSURDFK LQ
WKH DUHDRI H[HFXWLYH IXQFWLRQVZKLFK DUHGLVWXUEHG LQ VHYHUDO SV\FKLDWULF
GLVRUGHUV
0HWKRGV7KH VWXGLHVSUHVHQWHGKHUHXVHG IXQFWLRQDOPDJQHWLF UHVRQDQFH
LPDJLQJ I05, LQ RUGHU WR UHYHDO WKH QHXUDO LPSOHPHQWDWLRQ RI GLIIHUHQW
FRPSRQHQWVRISUHIURQWDOH[HFXWLYHFRQWUROLHVXEFRPSRQHQWVRIZRUN
.%52/)-!').'¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
LQJ PHPRU\ FRQÀLFW GHWHFWLRQ DQG UHVROXWLRQ DV ZHOO DV WKH HYDOXDWLRQ
RI EHKDYLRUDO UHOHYDQFH LQ KHDOWK\ KXPDQ VXEMHFWV SHUIRUPLQJ GLIIHUHQW
ZRUNLQJPHPRU\ DQG WDVN VZLWFKLQJ H[SHULPHQWV )XUWKHUPRUH XVLQJ WKH
VDPH H[SHULPHQWDO SDUDGLJPV SDWLHQWV GLDJQRVHG WR VXIIHU IURP GLIIHUHQW
PDMRUSV\FKLDWULFGLVRUGHUVZHUHEHKDYLRUDOO\WHVWHGZLWKUHVSHFWWRSRVVLEOH
GLVWXUEDQFHVRIWKHVHH[HFXWLYHIXQFWLRQV
5HVXOWV 8VLQJ I05, ZH LGHQWL¿HG VHYHUDO SUHIURQWRSDULHWDO QHWZRUNV
XQGHUO\LQJVSHFL¿FFRPSRQHQWVRIFRJQLWLYHFRQWUROLQKHDOWK\LQGLYLGXDOV
&RUUHVSRQGLQJEHKDYLRUDOH[SHULPHQWVLQSDWLHQWVZLWKVFKL]RSKUHQLD
DIIHFWLYHGLVRUGHUVDQG2&'UHYHDOHGGLVWLQFWDQGLQSDUWVHOHFWLYHG\VIXQF
WLRQVRIWKHVHQHXUDOV\VWHPVLQYROYHGLQH[HFXWLYHIXQFWLRQV0RUHRYHUZH
ZHUHDEOHWRLGHQWLI\VXEJURXSVRISDWLHQWVH[KLELWLQJGLIIHUHQWSDWWHUQVRI
GH¿FLWVLQWKHYDULRXVWDVNFRQGLWLRQV
&RQFOXVLRQV 7RJHWKHU WKHVH VWXGLHV SURYLGH HYLGHQFH IRU VHOHFWLYH G\V
IXQFWLRQVRIFRUWLFDOQHWZRUNVZKLFKXQGHUOLHVSHFL¿FGH¿FLWVRIFRJQLWLYH
FRQWURO LQPDMRU SV\FKLDWULF GLVRUGHUV7KH LGHQWL¿FDWLRQ RI VXEJURXSV RI
SV\FKLDWULFSDWLHQWVDFFRUGLQJ WRQHXURFRJQLWLYHSDUDPHWHUVPD\ IDFLOLWDWH
WKH HVWDEOLVKPHQW RI EHKDYLRUDO DQG QHXURSK\VLRORJLFDO HQGRSKHQRW\SHV
DQG WKH GHYHORSPHQW RI D QHXURELRORJLFDO FODVVL¿FDWLRQ RI SV\FKLDWULF
GLVRUGHUV
5HIHUHQFHV
*UXEHU2&HUHEUDO&RUWH[
*UXEHU2YRQ&UDPRQ'<1HXURVFLHQFH/HWWHUV
*UXEHU2YRQ&UDPRQ'<1HXUR,PDJH
*UXEHU2*RVFKNH7$FWD3V\FKRORJLFD
=LOOHV'*UXEHU()DONDL3*UXEHU2$FWD3V\FKLDWULFD
6FDQGLQDYLFDLQSUHVV
6
1HXURWUDQVPLWWHU5HFHSWRU)LQJHUSULQWVLQ+XPDQ3UHIURQWDO
&RUWH[
1LFROD3DORPHUR*DOODJKHU
,QVWLWXWHRI0HGLFLQH5HVHDUFK&HQWHU-XHOLFK*HUPDQ\
$LPV 3DWKRORJLFDO DOWHUDWLRQV RI WKH SUHIURQWDO FRUWH[ 3)& DUH FRXSOHG
ZLWKFKDQJHVLQLQWHUDFWLRQVEHWZHHQQHXURWUDQVPLWWHUV\VWHPV:HDSSOLHG
DQHXURFKHPLFDOPDSSLQJWHFKQLTXHLHGHWHUPLQDWLRQRIWKHUHJLRQDODQG
ODPLQDUGLVWULEXWLRQSDWWHUQVRI WUDQVPLWWHU UHFHSWRUVZKLFKDUHNH\SOD\
HUV GXULQJ QHXURWUDQVPLVVLRQ LQ RUGHU WR IXUWKHU HOXFLGDWH RUJDQL]DWLRQDO
SULQFLSOHVRIWKHKHDOWK\3&)
0HWKRGV :H DSSOLHG TXDQWLWDWLYH LQ YLWUR UHFHSWRU DXWRUDGLRJUDSK\ WR
GHWHUPLQHDUHDODQGODPLQDUGLVWULEXWLRQSDWWHUQVRIUHFHSWRUVIRUJOXWDPDWH
*$%$ DFHW\OFKROLQH QRUDGUHQDOLQ VHURWRQLQ DQG GRSDPLQH LQ WKH 3)&
RI  KXPDQ EUDLQVZLWK QR UHFRUG RI QHXURORJLFDO RU SV\FKLDWULF GLVHDVHV
\HDUVROGIHPDOHVPDOHV7KHFRGLVWULEXWLRQSDWWHUQVRIWKH
H[DPLQHGUHFHSWRUW\SHVLQGH¿QHGEUDLQUHJLRQVZHUHYLVXDOLVHGDVUHFHS
WRU ¿QJHUSULQWV LH SRODU FRRUGLQDWH SORWV RI WKHPHDQ UHFHSWRU GHQVLWLHV
DYHUDJHGRYHUDOOFRUWLFDOOD\HUVLQDVLQJOHDUFKLWHFWRQLFDOO\GH¿QHGEUDLQ
UHJLRQ7KH\GHPRQVWUDWHWKHFRPSOH[VLWHVSHFL¿FEDODQFHEHWZHHQGLIIHU
HQWUHFHSWRUW\SHVDQGWUDQVPLWWHUV\VWHPV
5HVXOWV7UDQVPLWWHU UHFHSWRUV DUHKHWHURJHQHRXVO\GLVWULEXWHG WKURXJKRXW
WKH 3)& VKRZLQJ FOHDU UHJLRQDO GLIIHUHQFHV LQ WKHLU PHDQ GHQVLWLHV DQG
ODPLQDUGLVWULEXWLRQSDWWHUQV7KHDUHDOSDWWHUQUHYHDOHGE\WKHQHXURFKHPL
FDOVWUXFWXUHRIWKH3)&LVPRUHGHWDLOHGWKDQWKHSDUFHOODWLRQVFKHPHSUR
SRVHGE\%URGPDQQHJVXEGLYLVLRQVZLWKLQKLVDUHD$OWKRXJKDVLQJOH
UHFHSWRUGRHVQRWLQGLFDWHDOODUHDOERUGHUVWKHUHLVDSHUIHFWDJUHHPHQWLQ
WKHORFDWLRQRIERUGHUVGLVSOD\HGE\VHYHUDOUHFHSWRUV5HFHSWRU¿QJHUSULQWV
GLIIHUEHWZHHQDUFKLWHFWRQLFDOO\DQGIXQFWLRQDOO\GH¿QHGFRUWLFDODUHDVHJ
RUELWRIURQWDOYHUVXVYHQWURODWHUDODUHDVWKXVUHSUHVHQWLQJWKHORFDOO\VSHFL¿F
QHXURFKHPLFDORUJDQL]DWLRQDWWKHPROHFXODUOHYHO
&RQFOXVLRQV 7UDQVPLWWHU UHFHSWRUV UHYHDO D GHWDLOHG SDUFHOODWLRQ VFKHPH
RI WKH3)&ZKLFKFRXOGHQDEOHDEHWWHUXQGHUVWDQGLQJRI WKHQRUPDODQG
LPSDLUHGQHXURFKHPLFDOPHFKDQLVPVXQGHUO\LQJ LWV IXQFWLRQDQGG\VIXQF
WLRQUHVSHFWLYHO\
:RUN IXQGHGE\ WKH1DWLRQDO ,QVWLWXWHRI%LRPHGLFDO ,PDJLQJDQG%LRHQ
JLQHHULQJWKH1DWLRQDO,QVWLWXWHRI1HXURORJLFDO'LVRUGHUVDQG6WURNHWKH
1DWLRQDO ,QVWLWXWHRI0HQWDO+HDOWK WKH')*.OLQ)RUVFKHUJUXSSHDQG
WKH0LQLVWU\RI6FLHQFH*HUPDQ\%UDLQ,PDJLQJ&HQWHU:HVW
6
1HXUDO&RGLQJRI'LVWLQFW6WDWLVWLFDO3URSHUWLHVRIWKH5HZDUG
6\VWHPLQ+XPDQV
-HDQ&ODXGH'UHKHU
,QVWLWXWRI&RJQLWLYH6FLHQFH/\RQ)UDQFH
3KLOLS.RKQ.DUHQ)DLWK%HUPDQ
2EMHFWLYHV%UDLQSURFHVVLQJRIUHZDUGLQIRUPDWLRQLVHVVHQWLDOIRUFRPSOH[
IXQFWLRQVVXFKDVOHDUQLQJDQGPRWLYDWLRQ2IWKHPDQ\VWLPXOLRFFXUULQJLQ
RXUQDWXUDOHQYLURQPHQWGXULQJDFHUWDLQWLPHSHULRGYHU\IHZDUHDFWXDOO\
SDLUHGZLWKUHZDUG,WLVWKXVHVVHQWLDOWKDWWKHEUDLQUHSUHVHQWVWKHVWDWLVWLFDO
SURSHUWLHVRIVWLPXOLOHDGLQJWRUHZDUGLQIRUPDWLRQZKLFKSURYLGHVDFULWL
FDOHYROXWLRQDU\DGYDQWDJHIRUVXUYLYDOLQDFKDQJLQJHQYLURQPHQW(OHFWUR
SK\VLRORJLFDOVWXGLHV LQPRQNH\V LQGLFDWH WKDWGRSDPLQHUJLFQHXURQVPD\
FRGHWZRVWDWLVWLFDOSDUDPHWHUVRIUHZDUGLQIRUPDWLRQDWUDQVLHQWUHZDUGHU
URUSUHGLFWLRQVLJQDOUHÀHFWLQJDGLVFUHSDQF\EHWZHHQWKHSUHGLFWHGUHZDUG
DQGWKHUHZDUGHIIHFWLYHO\GHOLYHUHGDQGDVXVWDLQHGVLJQDOFRYDU\LQJZLWK
UHZDUGXQFHUWDLQW\)LRULOORHWDO
0HWKRGV+HUHZHXVHG7HYHQWUHODWHGI05,DQGDQRYHOSDUDGLJPGH
VLJQHGWRGLVHQWDQJOHWKHEUDLQUHJLRQVFRYDU\LQJZLWKHDFKRIWKHVHVLJQDOV
LQ KXPDQV7KLUW\RQH VXEMHFWVZHUH VFDQQHGGXULQJSUHVHQWDWLRQRI ³VORW
PDFKLQHV´WKDWV\VWHPDWLFDOO\YDULHGUHZDUGSUREDELOLW\UHZDUGPDJQLWXGH
DQGUHZDUGH[SHFWDQF\SURGXFWRIUHZDUGSUREDELOLW\PDJQLWXGH([SHUL
PHQWDOWULDOVZHUHGLYLGHGLQWRSKDVHVVWLPXOXV6UHSUHVHQWLQJRQHRI
VORWPDFKLQHV VGHOD\SHULRG LQZKLFKVSLQQHUV URWDWHGDQGVWRSSHG
VXFFHVVLYHO\VDQGDQRXWFRPHSKDVH6VLQZKLFKWKHSLFWXUHVRI
RUDRUELOOVZHUHSUHVHQWHG'XULQJWKHVHSKDVHVDSLHFKDUW
LQGLFDWHG WKHSUREDELOLW\RIZLQQLQJ D FHUWDLQ DPRXQWRIPRQH\6XEMHFWV
SUHVVHGDUHVSRQVHEXWWRQDW6DQG66XEMHFWVNQHZWKHZLQQLQJSURE
DELOLW\ RI HDFK VORWPDFKLQH DQG UHFHLYHG DGGLWLRQDOPRQH\ IRU HQJDJLQJ
LQWKLVWDVN'DWDZHUHDQDO\]HGXVLQJ630ZLWKDUDQGRPHIIHFWVPRGHO
3XQFRUUHFWHG
5HVXOWV7KHPLGEUDLQZDVDFWLYDWHGERWKWUDQVLHQWO\ZLWKWKHHUURUSUHGLF
WLRQ VLJQDO DQG LQ D VXVWDLQHG IDVKLRQZLWK UHZDUGXQFHUWDLQW\0RUHRYHU
GLVWLQFW DFWLYLW\ G\QDPLFV ZHUH REVHUYHG LQ SRVWV\QDSWLF GRSDPLQHUJLF
SURMHFWLRQVLWHVWKHSUHIURQWDOFRUWH[UHVSRQGHGWRWKHWUDQVLHQWHUURUSUHGLF
WLRQ VLJQDOZKLOH WKHYHQWUDO VWULDWXPFRYDULHGZLWK WKH VXVWDLQHG UHZDUG
XQFHUWDLQW\VLJQDO
&RQFOXVLRQV7KHVHUHVXOWVLQGLFDWHWKDWGLVWLQFWIXQFWLRQDOEUDLQQHWZRUNV
VXEVHUYHWKHFRGLQJRIGLIIHUHQWDVSHFWVRIWKHVWDWLVWLFDOSURSHUWLHVRIUHZDUG
LQIRUPDWLRQ7KLVVWXG\KDVGLUHFWFOLQLFDOLPSOLFDWLRQVDQGRXUSDUDGLJPLV
QRZXVHGWRVWXG\SV\FKLDWULFGLVRUGHUVJHQHWLFSRO\PRUSKLVPVDVZHOODV
SKDUPDFRORJLFDODQGKRUPRQDOPDQLSXODWLRQV
5HIHUHQFHV
)LRULOORHWDO6FLHQFH
6
*OXWDPDWHUJLF0RGXODWLRQRI3UHIURQWDO)XQFWLRQVI05,
)LQGLQJV
3DXO)OHWFKHU
:HOOFRPH7UXVW6HQLRU5HVHDUFK)HOORZLQ&OLQLFDO6FLHQFH
8QLYHUVLW\RI&DPEULGJH8.
2EMHFWLYHV7KH10'$5HFHSWRU+\SRIXQFWLRQ 15+PRGHORI VFKL]R
SKUHQLDKDVJDLQHGZLGHDQGLQFUHDVLQJDWWHQWLRQSDUWO\EHFDXVHRI WKHUH
PDUNDEOHSV\FKRWRJHQLFHIIHFWVRI10'$EORFNLQJGUXJVVXFKDVNHWDPLQH
/HVVZLGHO\VWXGLHGLVWKHH[WHQWWRZKLFKEUDLQUHVSRQVHVWRNHWDPLQHLQ
KHDOWK\VXEMHFWVXQGHUJRLQJIXQFWLRQDOLPDJLQJDUHUHGROHQWRIWKRVHVHHQ
LQVFKL]RSKUHQLD:HKDYHFKRVHQWRH[SORUHDQXPEHURIDVSHFWVRIKXPDQ
PHPRU\ IRUPDWLRQ LQERWKSDWLHQWV DQG LQ ORZ VXESV\FKRWLFGRVHNHWD
PLQHWUHDWHGYROXQWHHUV WRHVWDEOLVKZKHWKHU WKHNQRZQGH¿FLWV WKDWRFFXU
XQGHU ERWK FLUFXPVWDQFHV DUH XQGHUSLQQHG E\ FRPSDUDEOH QHXURSK\VL
RORJLFDODEQRUPDOLWLHV7KHVHREMHFWLYHVDUHEDVHGXSRQWKHEHOLHIWKDWSV\
FKRSKDUPDFRORJLFDO I05, SURYLGHV D YDOXDEOH FRPSOHPHQW WR EHKDYLRUDO
SV\FKRSKDUPDFRORJLFDOVWXGLHV
0HWKRGV$FURVV DV VHULHV RI HSLVRGLF DQG ZRUNLQJPHPRU\ VWXGLHV ZH
KDYHDGPLQLVWHUHGFRQWUROOHGLQIXVLRQVRINHWDPLQHWRYDU\LQJGRVHVXVLQJ
SODFHERFRQWUROOHGZLWKVXEMHFWVGHVLJQV:HKDYHXVHGI05,DQGEHKDYLR
UDOPHDVXUHPHQWVWRHVWDEOLVKWKHLPSDFWRIWKHGUXJXSRQWDVNSHUIRUPDQFH
DQGXSRQWKHEUDLQFRUUHODWHVRIWKLVSHUIRUPDQFH
.%52/)-!').'¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
5HVXOWV :H KDYH LGHQWL¿HG NH\ DQG VSHFL¿F HIIHFWV RI NHWDPLQH XSRQ
PHPRU\WDVNSHUIRUPDQFHLQKHDOWK\YROXQWHHUV>@DQGVKRZQWKDWWKHUHDUH
GLVUXSWLRQVLQIURQWDOUHVSRQVHVWRWKHVHWDVNVZKHQVXEMHFWVDUHWUHDWHGZLWK
WKHGUXJ>@,QWHUHVWLQJO\XQGHUGLIIHULQJFLUFXPVWDQFHVWKHVHDOWHUDWLRQV
LQIURQWDOIXQFWLRQDUHPDQLIHVWERWKDVLQFUHDVHGDQGDVGHFUHDVHGUHVSRQVHV
WRWKHPHPRU\FKDOOHQJH,QVRPHEXWQRWDOOFDVHVWKH\DUHFRPSDUDEOHWR
FKDQJHVIRXQGLQSDWLHQWVZLWKVFKL]RSKUHQLDSHUIRUPLQJLGHQWLFDOWDVNV
&RQFOXVLRQV7KHVHGDWDSURYLGHVWURQJHYLGHQFHIRUWKHXVHIXOQHVVRISV\
FKRSKDUPDFRORJLFDOI05,LQH[SORULQJGUXJPRGHOVRIVFKL]RSKUHQLD7KH
¿QGLQJVVXJJHVW WKDWVRPHIURQWDOUHVSRQVHVWR10'$EORFNDGHUHVHPEOH
DEQRUPDOLWLHV IRXQG LQ WKH GLVHDVH 7KHUH DUH FOHDUO\ KRZHYHU DUHDV LQ
ZKLFKNHWDPLQHDQGVFKL]RSKUHQLDSURGXFHGGLYHUJHQWUHVXOWV
5HIHUHQFHV
1HXURSV\FKRSKDUPDFRORJ\S
1HXURSV\FKRSKDUPDFRORJ\S
 &HUHEUDO &RUWH[  $GYDQFHG 2QOLQH 3XEOLFDWLRQ FHUFRU
EKK
6
1R$EVWUDFW5HFHLYHG
'DQLHO5:HLQEHUJHU
86$
6
)XQFWLRQDO1HXURDQDWRP\DQG1HXURWUDQVPLVVLRQRI
3UHIURQWDO&RUWH[LQ3V\FKLDWULF'LVRUGHUV
3HWHU)DONDL
'HSDUWPHQWRI3V\FKLDWU\6DDUODQG8QLYHUVLW\+RVSLWDO*HUPDQ\
2OLYHU*UXEHU
2EMHFWLYHV1HXURSV\FKRORJLFDOGH¿FLWVDUHIUHTXHQWO\IRXQGLQVFKL]RSKUH
QLD$OWKRXJKWKHVHGH¿FLWVDUHHYHQO\GLVWULEXWHGRYHUDOPRVWDQ\QHXURSV\
FKRORJLFDOGRPDLQDWWHQWLRQH[HFXWLYHIXQFWLRQVDQGZRUNLQJPHPRU\DUH
VSHFL¿FDOO\LQYROYHG/RRNLQJDWZRUNLQJPHPRU\G\VIXQFWLRQWKHIURQWDO
OREH LVYLWDOO\ LQYROYHG LQWR WKLVSURFHVV7KHUHIRUHZHKDYH IRFXVVHGRXU
UHVHDUFKXVLQJGLIIHUHQWPHWKRGVIURPI05,WRJHQHH[SUHVVLRQVWXGLHV WR
XQGHUVWDQG WKH XQGHUO\LQJ SDWKRSK\VLRORJ\ RI IURQWDO OREH G\VIXQFWLRQ LQ
VFKL]RSKUHQLD
0HWKRGV DQG5HVXOWV ,QLWLDO UHVXOWV RI D ODUJH VFDOH QHXURSV\FKRORJLFDO
VWXG\VXJJHVWWKDWWKHUHDUHVXEJURXSVRISDWLHQWVZLWKVFKL]RSKUHQLDVKRZ
LQJ VSHFL¿F DVSHFWV RIZRUNLQJPHPRU\ G\VIXQFWLRQ /RRNLQJ DW SDWLHQWV
ZLWKWZRVWDQGDUGGHYLDWLRQVEHORZWKHPHDQRIKHDOWK\FRQWUROVDURXQGD
WKLUGRIWKHVFKL]RSKUHQLFVVKRZDG\VIXQFWLRQRIWKH³LQQHUHDU´DVXEV\V
WHPRIWKHZRUNLQJPHPRU\V\VWHP,QWHUHVWLQJO\I05,VWXGLHVVKRZWKDW
QHXURDQDWRPLFDOO\WKHUHJLRQLQYROYHGLVIURQWDOO\WKHFRUSXVFDOORVXPFRY
HULQJ%URGPDQQDUHD%$,QWKLVUHJLRQZHZHUHDEOHWRGHPRQVWUDWH
GLVWXUEHG J\UL¿FDWLRQ SDWWHUQ LQ VFKL]RSKUHQLF SDWLHQWV FRPSDUHG WR WKHLU
¿UVWGHJUHH UHODWLYHVDQGFRQWUROV:HZHUHDEOH WRVKRZ WKLV IURQWDO OREH
K\SHUJ\ULDLQDSRVWPRUWHPVWXG\DQGIRXQGWKDWLWZDVQRWUHODWHGWRDORVV
RIQHXURQVLQ%$EXWWRDUHGXFWLRQRIWKHQHXURSLOZKLFKLVPRVWOLNHO\DF
FRXQWHGE\DORVVRIV\QDSWLFSURWHLQV&XUUHQWO\XVLQJTXDQWLWDWLYH573&5
ZHH[DPLQHZKHWKHUUHGXFWLRQRI61$3LVUHODWHGWRUHGXFHGH[SUHVVLRQ
RIWKHFDQGLGDWHJHQHVQHXUHJXOLQDQGRUG\VELQGLQ
&RQFOXVLRQV 3UHIURQWDO OREH G\VIXQFWLRQ LV WLJKWO\ UHODWHG WR ZRUNLQJ
PHPRU\GH¿FLWVLQVFKL]RSKUHQLD:HZHUHDEOHWRUHODWHVSHFL¿FZRUNLQJ
PHPRU\GH¿FLWVZLWKVWUXFWXUDODEQRUPDOLWLHVLQDIURQWDOOREHDUHDFRYHULQJ
%URGPDQQDUHD+LVWRSDWKRORJLFDOVWXGLHVUHYHDOHGXSWRQRZQRVLJQVRI
QHXURQDOORVVEXWUHGXFHGYROXPHRIWKHQHXURSLOLQWKLVDUHD)XUWKHUVWXGLHV
DUHQHHGHGWRFRQQHFWWKLV¿QGLQJVZLWKWKHFXUUHQWDQGIXWXUHULVNJHQHV
5HIHUHQFHV
*UXEHU 2 *UXEHU ( )DONDL 3  1HXURQDOH .RUUHODWH JHVW|UWHU
$UEHLWVJHGlFKWQLVIXQNWLRQHQ EHL VFKL]RSKUHQHQ 3DWLHQWHQ $QVlW]H ]XU
(WDEOLHUXQJ QHXURNRJQLWLYHU (QGRSKlQRW\SHQ SV\FKLDWULVFKHU (UNUDQNXQ
JHQ'HU5DGLRORJH,VVXH2QOLQH¿UVW
9RJHOH\.6FKQHLGHU$[PDQQ77HSHVW53IHLIIHU8%D\HU7%RJHUWV%
+RQHU:*)DONDL3'LVWXUEHGJ\UL¿FDWLRQLQWKHSUHIURQWDOUHJLRQRI
PDOHVFKL]RSKUHQLFV±DPRUSKRPHWULFSRVWPRUWHPVWXG\$PHULFDQ-RXUQDO
RI3V\FKLDWU\
9RJHOH\.7HSHVW56FKQHLGHU$[PDQQ7+XWWH+=LOOHV.+RQHU:*
)DONDL3$XWRPDWHGLPDJHDQDO\VLVRIGLVWXUEHGF\WRDUFKLWHFWXUHLQ
%URGPDQQDUHDLQVFKL]RSKUHQLD6FKL]RSKU5HV
6
+DOOXFLQDWLRQV)URP%DVLF0HFKDQLVPVWR1RYHO7UHDWPHQW
6WUDWHJLHV
6
&RUUHODWHVRIWKH$IIHFWLYH,PSDFWRI$XGLWRU\+DOOXFLQDWLRQV
LQ3V\FKRWLF'LVRUGHUV
6XVDQ5RVVHOO
7KH0HQWDO+HDOWK5HVHDUFK,QVWLWXWHRI9LFWRULD$XVWUDOLD
'DYLG&RSRORY$QGUHZ0DFNLQQRQ7RP7UDXHU
)UDQFHV6KDZ\HU6LPRQH)LHOG
,QWURGXFWLRQ DQG 2EMHFWLYHV 'HVSLWH WKHLU LPSDFW RQ ZHOOEHLQJ DQG
FRQVHTXHQWLDO EHKDYLRXU VXEMHFWLYH UHVSRQVHV WR DXGLWRU\ KDOOXFLQDWLRQV
$+VKDYHEHHQXQGHULQYHVWLJDWHG$OWKRXJK$+VDUHRIWHQH[SHULHQFHG
DVXQSOHDVDQWSOHDVDQWUHVSRQVHVDOVRRFFXU7KHWZRVWXGLHVWREHUHSRUWHG
KHUHDGGUHVVWKHH[WHQWWRZKLFKWKHDIIHFWLYHLPSDFWRI$+VFRUUHODWHZLWK
WKHFKDUDFWHULVWLFVRIWKHSHUFHLYHGYRLFHVDQGZLWKWKHOLNHOLKRRGWKDWFRP
PDQGKDOOXFLQDWLRQVZLOOEHUHVLVWHG
0HWKRGV,QWKHPDLQVWXG\VXEMHFWVPHDQDJHZHUHLQYHVWLJDWHG
XVLQJWKHGHWDLOHG0+5,8QXVXDO3HUFHSWLRQV6FKHGXOH08367KHPD
MRULW\Q RIVXEMHFWVUHFHLYHGDGLDJQRVLVRIVFKL]RSKUHQLD
)ROORZLQJIDFWRUDQDO\VHVRI LWHPVUHODWLQJ WR WKH WRQHDQG WKHFRQWHQW
RI WKH KDOOXFLQDWLRQV DQG WKH IHHOLQJV WKH\ HOLFLWHG WZR VFDOHVZHUH FRQ
VWUXFWHGD3RVLWLYH5HVSRQVH6FDOHDQGD1HJDWLYH5HVSRQVH6FDOH156
7KH VFDOH VFRUHVZHUH FRQYHUWHG WR SHUFHQWDJHV DQG WKHQ VXEWUDFWHG IURP
RQH DQRWKHU 356 PLQXV 156 WR JHQHUDWH DQ$IIHFWLYH 'LUHFWLRQ ,QGH[
$',7KHUHODWLRQVKLSVEHWZHHQWKH$',DQGFKDUDFWHULVWLFVRIWKHYRLFHV
ZHUHWKHQH[DPLQHG
,QWKHVHFRQGVWXG\VXEMHFWVZLWKDKLVWRU\RIKDUPIXOFRPPDQGKDOOXFL
QDWLRQV&+VZHUHVWXGLHGXVLQJWKH%HOLHIVDERXWWKH9RLFHV4XHVWLRQQDLUH
5HYLVHG %$945 2I SDUWLFXODU LQWHUHVW ZDV WKH UHODWLRQVKLS EHWZHHQ
FRPSOLDQFHZLWK&+VDQGWKHH[WHQWWRZKLFK&+VZHUHFRQVLGHUHGSRZHU
IXODQGPDOHYROHQW
5HVXOWV0RUHQHJDWLYH$',VFRUHVFRUUHODWHGZLWKKLJKHUIUHTXHQF\)
 SORQJHUGXUDWLRQ
) SDQGORXGHUYROXPH) S
YRLFHVDQGWKRVHLQWKHVHFRQGYV¿UVWRUWKLUGSHUVRQW S 
*UDQGLRVHGHOXVLRQVZHUHDVVRFLDWHGZLWKPRUHSRVLWLYH$',VFRUHV
UHJDUGOHVVRIGLDJQRVLV
,QWKHFRPPDQGKDOOXFLQDWLRQVVWXG\FRQWUDU\WRH[SHFWDWLRQVWKHPRUHWKDW
WKHYRLFHVZHUHSHUFHLYHGWREHEHQHYROHQW WKHPRUHOLNHO\VXEMHFWVZHUH
OLNHO\ WRFRPSO\ZLWK&+V RUGLQDO ORJLVWLF UHJUHVVLRQS  3RZHUIXO
YRLFHVZHUHDVH[SHFWHGPRUHOLNHO\WREHFRPSOLHGZLWKS 
&RQFOXVLRQV ,Q VWXGLHV DLPHG DW H[DPLQLQJ HLWKHU WKH QHXURELRORJLFDO
XQGHUSLQQLQJV RI$+V RU WKHLU UHVSRQVH WR WUHDWPHQWV VXFK DV706 LW LV
LPSRUWDQWWRVWXG\WKHDIIHFWLYHLPSDFWRI$+VDVZHOODVIDFWRUVFRQWULEXW
LQJ WR VXFK LPSDFW LQFOXGLQJ WKH IUHTXHQF\ GXUDWLRQ DQG YROXPH RI WKH
YRLFHV7KHQHJDWLYHLPSDFWRIVHFRQGSHUVRQ$+VPD\EHH[SODLQHGE\WKH
FRPSDUDWLYHO\LPSHUVRQDOQDWXUHRIVXFKH[SHULHQFHVDQGPD\SRLQWWKHZD\
WRUHGXFHGLVWUHVVRI$+VE\XVLQJLQWHUYHQWLRQVDLPHGDWEHWWHUUHFRJQL]LQJ
DQGH[SORULQJWKHLUSHUVRQDOPHDQLQJ
7KHUHODWLRQVKLSEHWZHHQWKHSHUFHLYHGEHQHYROHQFHRIYRLFHVGHVSLWHDQ\
KDUPIXOFRQWHQWHJµNLOO\RXUPRWKHU¶VDLGYHU\VZHHWO\VXJJHVWVWKDWVXFK
YRLFHVPD\ µVHGXFH¶ WKH VXEMHFW7KLVSRLQWV WR WKHQHHG IRU LQWHUYHQWLRQV
DLPHGDWFKDOOHQJLQJWKHVXSSRVHGEHQHYROHQWLQWHQWRIVXFK&+V
.%52/)-!').'¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
(YLGHQFHIRU,QYROYHPHQWRI/DQJXDJH5HODWHG1HWZRUNVLQ
WKH2ULJLQRI$XGLWRU\9HUEDO+DOOXFLQDWLRQV
7KRPDV'LHUNV
8QLYHUVLW\+RVSLWDORI&OLQLFDO3V\FKLDWU\'HSDUWPHQWRI3V\FKL
DWULF1HXURSK\VLRORJ\:DOGDX%HUQ6ZLW]HUODQG
7KRPDV.|QLJ:HUQHU6WULN'DQLHOD+XEO
2EMHFWLYHV,WKDVEHHQVXJJHVWHGWKDWWKHRFFXUUHQFHRIDXGLWRU\YHUEDOKDO
OXFLQDWLRQVLVUHODWHGWRVWUXFWXUDOGHIHFWVLQODQJXDJHUHODWHGFHUHEUDODUHDV
DQGDVZHOODVIXQFWLRQDOGHIHFWVLQPRQLWRULQJRILQWHUQDOVSHHFK/DQJXDJH
UHODWHG QHWZRUNV FDQ EH LQYHVWLJDWHG IXQFWLRQDOO\ E\ QHXURLPDJLQJ WHFK
QLTXHV OLNH HOHFWURSK\VLRORJ\ DQG IXQFWLRQDOPDJQHWLF UHVRQDQFH LPDJLQJ
I05,DVZHOODVVWUXFWXUDOO\E\HJDVVHVVLQJWKHYROXPHRIFHUHEUDODUHDV
DVZHOODVWKHLUZKLWHPDWWHU:0LQWHUFRQQHFWLRQV
0HWKRGV %\ XVLQJ HOHFWURSK\VLRORJLFDO ((* DQG (3V DQG 05, WHFK
QLTXHVI05,V05,'7,ZHKDYHLQYHVWLJDWHGWKHVWUXFWXUHDQGIXQFWLRQ
RI ODQJXDJH UHODWHG FHUHEUDO QHWZRUNV LQ KHDOWK\ VXEMHFWV DV ZHOO DV LQ
VFKL]RSKUHQLFSDWLHQWVZLWKDQGZLWKRXWDXGLWRU\YHUEDOKDOOXFLQDWLRQV
5HVXOWV:HFRXOGGHVFULEHDQLQFUHDVHGQHXURQDODFWLYDWLRQKLJKHUI05,
%2/'VLJQDOLQ%URFDVDUHDLQWKHIURQWDOOREHDVZHOODVSULPDU\DXGLWRU\
DUHDVLQWKHVXSHULRUWHPSRUDOOREHGXULQJWKHRFFXUUHQFHRIDXGLWRU\YHUEDO
KDOOXFLQDWLRQVLQVFKL]RSKUHQLFSDWLHQWV6LPLODUO\WKHDPSOLWXGHRIWKHEHWD
((*DFWLYLW\ZDVLQFUHDVHGDQGWKHDPSOLWXGHRIWKH1FRPSRQHQWRIWKH
DXGLWRU\(3VGLPLQLVKHGGXULQJKDOOXFLQDWLRQV ERWK LQGLFDWLRQV RI KLJKHU
QHXURQDODFWLYLW\GXULQJDXGLWRU\YHUEDOKDOOXFLQDWLRQV6WUXFWXUDOO\SDWLHQWV
ZLWKKDOOXFLQDWLRQVGHPRQVWUDWHGVLJQL¿FDQWO\KLJKHU:0GLUHFWLRQDOLW\LQ
WKHODWHUDOSDUWVRIWKHWHPSRURSDULHWDOVHFWLRQRIWKHDUFXDWHIDVFLFXOXVDQG
LQWKHDQWHULRUFRUSXVFDOORVXPFRPSDUHGZLWKFRQWUROVXEMHFWVDQGQRQKDO
OXFLQDWLQJSDWLHQWV
&RQFOXVLRQV2XU¿QGLQJVVXJJHVWWKDWGXULQJLQQHUVSHHFKWKHDOWHUDWLRQV
RIZKLWHPDWWHU¿EHUWUDFWVLQSDWLHQWVZLWKIUHTXHQWKDOOXFLQDWLRQVOHDGWR
DEQRUPDO FRDFWLYDWLRQ LQ UHJLRQV UHODWHG WR WKH DFRXVWLFDO SURFHVVLQJ RI
H[WHUQDOVWLPXOL7KLVDEQRUPDODFWLYDWLRQPD\DFFRXQWIRUWKHSDWLHQWV¶LQ
DELOLW\WRGLVWLQJXLVKVHOIJHQHUDWHGWKRXJKWVIURPH[WHUQDOVWLPXODWLRQ
6
$6WXG\RI$XGLWRU\+DOOXFLQDWLRQV&RPELQLQJI05,DQG
U706
5DOSK(+RIIPDQ
<DOH8QLYHUVLW\6FKRRORI0HGLFLQH86$
5REHUW-%XFKDQHQ.XQ:X0D[LQH9DUDQNR'HQQLV6SHQFHU
-RKQ+.U\VWDO0LFKHOOH+DPSVRQ
2EMHFWLYHV$XGLWRU\ KDOOXFLQDWLRQV LQ SDWLHQWVZLWK VFKL]RSKUHQLD JHQHU
DOOO\ FRQVLVW RI SHUFHSWV RI VSRNHQ VSHHFK7KH SDWKRSK\VLRORJ\ RI WKHVH
H[SHULHQFHV ZDV H[SORUHG XVLQJ IXQFWLRQDO PDJQHWLF UHVRQDQFH LPDJLQJ
I05, WR SRVLWLRQ ÄVXSSUHVVLYH³ KHUW] UHSHWLWLYH WUDQVFUDQLDO PDJQHWLF
VWLPXODWLRQ U706 RYHU PXOWLSOH EUDLQ LQYROYLQJ VSHHFK SURGXFWLRQ DQG
JHQHUDWLRQ
0HWKRGV6HYHQWHHQULJKWKDQGHGSDWLHQWVZLWKVFKL]RSKUHQLDRUVFKL]RDI
IHFWLYH GLVRUGHU DQG VHYHUH DXGLWRU\ KDOOXFLQDWLRQV ZHUH VWXGLHG )RU SD
WLHQWVZLWKIUHTXHQWLQWHUPLWWHQWKDOOXFLQDWLRQV1 %2/'VLJQDOPDSV
RIEUDLQ DFWLYDWLRQFRPSDULQJKDOOXFLQDWLRQDQGQRQKDOOXFLQDWLRQSHULRGV
ZHUH JHQHUDWHG )RU SDWLHQWVZLWK FRQWLQXRXV XQLQWHUUXSWHG DXGLWRU\ KDO
OXFLQDWLRQV1 PDSVRI%2/'VLJQDOFRUUHODWLRQVFDOFXODWHGUHODWLYHWR
:HUQLFNHµV UHJLRQVZHUH JHQHUDWHG7KH ODWWHU UHVHPEOHG DFWLYDWLRQPDSV
GHULYHG IURP LQWHUPLWWHQW KDOOXFLQDWRUV DQG GHOLQHDWHG D ³K\SHUFRXSOHG´
QHWZRUNOLQNLQJ%URFD¶VSUHIURQWDOSULPDU\DXGLWRU\DQGSRVWHULRUWHPSR
UDO UHJLRQV%HWZHHQFRUWLFDO UHJLRQVSHUVXEMHFW UHFHLYHG+]U706
EDVHGRQWKHVHI05,PDSVDWPRWRUWKUHVKROGSOXV$QDGGLWLRQDOVLWH
UHFHLYHGVKDPVWLPXODWLRQ3DWLHQWVDQGFOLQLFDOUDWHUVZHUHPDVNHGUHJDUG
LQJVWLPXODWLRQFRQGLWLRQ
5HVXOWV &RUWLFDO VLWHV ZKLFK ZKHQ VWLPXODWHG SURGXFHG WKH JUHDWHVW
LPSURYHPHQW LQKDOOXFLQDWLRQVYDULHGZLGHO\DFURVVSDWLHQWV DQG LQFOXGHG
%URFDµVUHJLRQSUHIURQWDOFRUWH[DQGYDULRXVSRVWHULRUWHPSRUDOFRUWLFDOUH
JLRQV7KHRQO\VWLPXODWLRQVLWHSURGXFLQJVWDWLVWLFDOO\VLJQL¿FDQWLPSURYH
PHQW UHODWLYH WR VKDPVWLPXODWLRQDFURVV VXEMHFWVZDV WKH OHIW:HUQLFNHµV
UHJLRQ$PRQJWKHJURXSRILQWHUPLWWHQWKDOOXFLQDWRUVPRUHUREXVWDFWLYD
WLRQRI%URFDµVDUHDSUHGLFWHGKLJKHUUHVLVWDQFHWRU7065 
&RQFOXVLRQV$XGLWRU\KDOOXFLQDWLRQVDULVH IURPDZLGHO\GLVWULEXWHGQHW
ZRUN LQYROYLQJ %URFDµV DQG:HUQLFNHµV FRUWH[ SULPDU\ DXGLWRU\ FRUWH[
SUHIURQWDO DQG VXEFRUWLFDO UHJLRQV ZKRVH DQDWRPLF ORFDWLRQV YDU\ DFURVV
SDWLHQWV'DWD VXJJHVW WKDW:HUQLFNH¶V UHJLRQ LV D ¿QDO FRPPRQ SDWKZD\
OHDGLQJWRH[SUHVVLRQRIDXGLWRU\KDOOXFLQDWLRQV
5HIHUHQFHV
+DPSVRQ03HWHUVRQ%6NXGODUVNL3*DWHQE\&*RUH-'HWHFWLRQ
RI IXQFWLRQDOFRQQHFWLYLW\XVLQJ WHPSRUDOFRUUHODWLRQV LQ05LPDJHV+X
PDQ%UDLQ0DSSLQJ
+RIIPDQ5(&DYXV,6ORZWUDQVFUDQLDOPDJQHWLFVWLPXODWLRQORQJ
WHUPGHSRWHQWLDWLRQDQGEUDLQK\SHUH[FLWDELOLW\GLVRUGHUV$P-3V\FKLDWU\

+RIIPDQ5(+DZNLQV.$*XHRUJXLHYD5%RXWURV115DFKLG)&DUUROO
..U\VWDO-+7UDQVFUDQLDOPDJQHWLFVWLPXODWLRQRIOHIWWHPSRURSD
ULHWDO FRUWH[ DQG PHGLFDWLRQUHVLVWDQW DXGLWRU\ KDOOXFLQDWLRQV $UFK *HQ
3V\FKLDWU\
6
(YLGHQFHIRU6HQVRU\3UHGLFWLRQ'HILFLWVLQ6FKL]RSKUHQLD
6XNKZLQGHU66KHUJLOO
,QVWLWXWHRI1HXURORJ\8QLYHUVLW\&ROOHJH/RQGRQ,QVWLWXWHRI
3V\FKLDWU\/RQGRQ8.
*DEULHOOH6DPVRQ3DXO0%D\V&KULV')ULWK
'DQLHO0:ROSHUW
2EMHFWLYHV3DWLHQWVZLWKVFKL]RSKUHQLDH[SHULHQFLQJGHOXVLRQVDQGKDOOXFL
QDWLRQVFDQPLVDWWULEXWHWKHLURZQDFWLRQVWRDQH[WHUQDOVRXUFHWKLVODEHO
OLQJRIDQDFWLRQDVRQHVRZQLVK\SRWKHVL]HGWRGHSHQGRQDPDWFKEHWZHHQ
WKHSUHGLFWHGDQGDFWXDOVHQVRU\FRQVHTXHQFHVRIWKHDFWLRQ
0HWKRGV:H H[DPLQHG WKLV SUHGLFWLYH SURFHVV E\PHDVXULQJ VHQVRU\ DW
WHQXDWLRQRI VHOISURGXFHG VWLPXOLXVLQJD IRUFHPDWFKLQJ WDVN LQSDWLHQWV
ZLWKVFKL]RSKUHQLDDQGKHDOWK\FRQWRUOVXEMHFWV
5HVXOWV3DWLHQWVGHPRQVWUDWHGVLJQL¿FDQWO\GHFUHDVHGVHQVRU\DWWHQXDWLRQ
FRPSDUHGWRFRQWUROV
&RQFOXVLRQV3DWLHQWVZLWKDGLDJQRVLVRIVFKL]RSKUHQLDKDYHDG\VIXQFWLRQ
LQWKHLUSUHGLFWLYHPHFKDQLVPV
6
2XWRIERG\([SHULHQFHDQG$XWRVFRS\RI1HXURORJLFDO2ULJLQ
2ODI%ODQNH
/DERUDWRU\RI&RJQLWLYH1HXURVFLHQFH%UDLQ0LQG,QVWLWXWH
(FROH3RO\WHFKQLTXH)pGpUDOHGH/DXVDQQH(3)//DXVDQQH
6ZLW]HUODQG
2EMHFWLYHV ,QYHVWLJDWLRQ RI FRJQLWLYH DQG QHXUDOPHFKDQLVPV LQ LOOXVRU\
UHGXSOL¿FDWLRQVRIRQH¶VRZQERG\VXFKDVRXWRIERG\H[SHULHQFHV2%(
DQGDXWRVFRS\$6
0HWKRGV 7KH V\PSWRPV DQG QHXURDQDWRPLFDO ¿QGLQJV LQ VHYHUDO QHXUR
ORJLFDOSDWLHQWVZLWK2%(VDQG$6ZLOOEHGHVFULEHG7KHVHFOLQLFDO¿QGLQJV
KDYHEHHQXVHGLQRUGHUWRGHVLJQDVHULHVRIH[SHULPHQWVLQKHDOWK\KXPDQ
VXEMHFWVXVLQJDPHQWDOLPDJHU\WDVNHYRNHGSRWHQWLDOPDSSLQJDQGWUDQ
VFUDQLDOPDJQHWLFVWLPXODWLRQ
5HVXOWV7KHQHXURORJLFDOGDWDVXJJHVWWKDW2%(VDQG$6DUHGXHWRDIDLOXUH
WRLQWHJUDWHPXOWLVHQVRU\LQIRUPDWLRQRIRQH¶VRZQERG\ZLWKKLJKHURUGHU
LQIRUPDWLRQRIFRUSRUDODQGVHOIDZDUHQHVVDWWKHWHPSRURSDULHWDOMXQFWLRQ
73-,QKHDOWK\VXEMHFWVZHWKHQVKRZHGZLWKWKHXVHRIHYRNHGSRWHQWLDO
PDSSLQJWKHVHOHFWLYHDFWLYDWLRQRIWKH73-DWPVDIWHUVWLPXOXVRQ
VHWZKHQKHDOWK\YROXQWHHUVLPDJLQHGWKHPVHOYHVLQWKHSRVLWLRQDQGYLVXDO
SHUVSHFWLYH WKDW LVJHQHUDOO\ UHSRUWHGE\SHRSOHH[SHULHQFLQJVSRQWDQHRXV
2%(V ,QWHUIHUHQFH ZLWK WKH 73- E\ WUDQVFUDQLDO PDJQHWLF VWLPXODWLRQ DW
WKLVWLPHLPSDLUHGPHQWDOWUDQVIRUPDWLRQVRIWKHRZQERG\RIKHDOWK\YRO
XQWHHUVEXWQRWRIRWKHUREMHFWV)LQDOO\LQDQHSLOHSWLFSDWLHQWZLWK2%(V
RULJLQDWLQJ IURP WKH73-ZH VKRZSDUWLDO DFWLYDWLRQ RI WKH VHL]XUH IRFXV
GXULQJPHQWDOWUDQVIRUPDWLRQVRIKHUERG\DQGYLVXDOSHUVSHFWLYHPLPLFNLQJ
KHU2%(SHUFHSWV
&RQFOXVLRQV7KHVHUHVXOWVVXJJHVWWKDWWKH73-LVDFUXFLDOVWUXFWXUHIRUWKH
FRQVFLRXVH[SHULHQFHRIWKHQRUPDOVHOIPHGLDWLQJVSDWLDOXQLW\RIVHOIDQG
ERG\DQGWKDWLPSDLUHGSURFHVVLQJDWWKH73-PD\OHDGWRSDWKRORJLFDOVHOIV
VXFKDV2%(VDQG$6
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5HIHUHQFHV
%ODQNHHWDO2XWRIERG\H[SHULHQFHDQGDXWRVFRS\RIQHXURORJLFDO
RULJLQ%UDLQ
%ODQNHHWDO /LQNLQJ/LQNLQJ2%(VDQGVHOISURFHVVLQJ WRPHQWDO
RZQ ERG\ LPDJHU\ DW WKH WHPSRURSDULHWDO MXQFWLRQ - 1HXURVFL  LQ
SUHVV
6
/LPELF&RUWLFDO&LUFXLWVDQG0RRG'LVRUGHU$
0XOWLGLPHQVLRQDO$SSURDFK
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%HKDYLRUDO&RUUHODWHVRI,PSXOVLYLW\LQ3DWLHQWVZLWK
3V\FKLDWULF'LVRUGHUVDQG+HDOWK\&RQWUROV
0DWWKLDV5/HPNH
5KHLQLVFKH.OLQLNHQ%RQQ*HUPDQ\
&KULVWLDQ-)LVFKHU0LFKDHOD6FKXEHUW
2EMHFWLYHV'\VIXQFWLRQRISURFHVVLQJVWLPXOLLQWRDGHTXDWHDFWLRQVUHSUH
VHQWVDFRUHV\PSWRPRIYDULRXVSV\FKLDWULFGLVRUGHUV6WLPXOLSURFHVVLQJ
DQGJHQHUDWLRQRIPRYHPHQWVPD\EHDIIHFWHGE\LQGXFWLRQRIHPRWLRQV
0HWKRGV 3DWLHQWV ZLWK ELSRODU DQG SHUVRQDOLW\ GLVRUGHUV DQG KHDOWK\
VXEMHFWVZHUHVXEMHFWHGWRYLVXDOVWLPXOLZKLFKZHUHSKRWRVRQ3&VFUHHQ
IURPWKH,QWHUQDWLRQDODIIHFWLYHSLFWXUHV\VWHP,$366XEMHFWVWXUQHGWKH
VFUHHQRQDQGRIIE\SUHVVLQJDQGUHOHDVLQJGLIIHUHQWEXWWRQV:KLOHVXEMHFWV
ZDWFKHGWKHSLFWXUHVDVWDUWOHUHÀH[ZDVLQGXFHG1HXURSK\VLRORJLFDOPHWK
RGVLQFOXGLQJ((*(0*DQGNLQHPDWLFPHDVXUHVRIKDQGPRYHPHQWVE\
LQIUDUHGGHWHFWLRQZHUHXVHG WR DQDO\]H VWLPXOXVSHUFHSWLRQ WRPRYHPHQW
H[HFXWLRQ
5HVXOWV,QKHDOWK\VXEMHFWVZHIRXQGVLJQL¿FDQWGLIIHUHQFHVLQERWKUHÀH[
DQGYROXQWDU\PRYHPHQWGHSHQGHQWRQWKHHPRWLRQDOYDOHQFHRIWKHVWLPXOL
,Q WKH SDWLHQW JURXS QR VXFK GLIIHUHQFHV ZHUH IRXQG +RZHYHU WLPH WR
SHDNYHORFLW\RIKDQGPRYHPHQWZDVVKRUWHULQSDWLHQWVDQGFRUUHODWHGZLWK
PHDVXUHVRILPSXOVLYLW\
&RQFOXVLRQV :H VKRZHG WKDW SHUFHSWLYH DQG H[HFXWLYH FRPSRQHQWV RI
&16 EHKDYLRU FRQWURO DUH DIIHFWHG LQ SDWLHQWVZLWK ELSRODU DQG SHUVRQDO
LW\GLVRUGHUV.LQHPDWLFPHDVXUHVRIKDQGPRYHPHQWVPD\EHEHKDYLRUDO
FRUUHODWHVRILPSXOVLYLW\/HPNHHWDO8VLQJRXUPRGHOHI¿FDF\RI
VSHFL¿FSV\FKRWKHUDSHXWLFDQGSV\FKRSKDUPDFRORJLFDOLQWHUYHQWLRQVFRXOG
EHHYDOXDWHG
5HIHUHQFHV
/HPNH05)LVFKHU&-:HQGRUII7)ULW]HU*5XSS=7HW]ODII60RGXOD
WLRQRI LQYROXQWDU\DQGYROXQWDU\EHKDYLRU IROORZLQJHPRWLRQDOVWLPXOL LQ
KHDOWK\ VXEMHFWV 3URJU1HXURSV\FKRSKDUPDFRO%LRO 3V\FKLDWU\  

6
7KH6HURWRQLQ6\VWHP$IIHFW0RGXODWLRQDQG0RRG'LVRUGHU
6LHJIULHG.DVSHU
'HSDUWPHQWRI*HQHUDO3V\FKLDWU\0HGLFDO8QLYHUVLW\9LHQQD
$XVWULD
1LNRODV.OHLQ5XSHUW/DQ]HQEHUJHU-XOLD6DFKHU
0DWWKlXV:LOOHLW/XNDV3H]DZDV-RKDQQHV7DXVFKHU
$QXPEHURI¿QGLQJVLQGLFDWHDOWHUDWLRQVRIWKHEUDLQVHURWRQLQV\VWHPVLQ
GHSUHVVLRQDQGDQ[LHW\GLVRUGHUV:KHUHDV LQ WKHROGHUGD\VDZLQGRZWR
WKHEUDLQZDVDFKLHYHGZLWKQHXURHQGRFULQHPHWKRGRORJLHVZHKDYHQRZWKH
SRVVLELOLW\ZLWKEUDLQ LPDJLQJ WHFKQLTXHV DQGPROHFXODU ELRORJLFDOPHDV
XUHPHQWVWRIXUWKHUHOXFLGDWHWKHPRGXODWRU\SURSHUWLHVRIWKHVHURWRQHUJLF
V\VWHP LQ KHDOWK\ FRQWUROV DVZHOO DV SV\FKLDWULF SDWLHQWV %UDLQ LPDJLQJ
WHFKQLTXHVXVLQJ,ȕ&,7ELQGLQJIRXQGDUHGXFWLRQLQVHYHUDOEUDLQLQGL
FHVLQFOXGLQJWKDODPXVK\SRWKDODPXVUHJLRQVLQGHSUHVVHGSDWLHQWVD¿QGLQJ
ZKLFKZDVQRWFRQ¿UPHGLQIXUWKHUUHFHQWO\DYDLODEOHVWXGLHVSUREDEO\GXH
WRPHWKRGRORJLFDO GLIIHUHQFHV LQ WKH DYDLODEOH LQYHVWLJDWLRQV$ SRO\PRU
SKLVPLQWKHVHURWRQLQWUDQVSRUWHUSURPRWRUJHQHUHJLRQ+77/35ZDV
VKRZQWRLQÀXHQFHWKHTXDQWLW\RIVHURWRQLQWUDQVSRUWHU+77H[SUHVVLRQ
LQKXPDQFHOOOLQHVWKH+77/35VKRUWDOOHOHVZDVDVVRFLDWHGZLWKUH
GXFHG+77H[SUHVVLRQVZKHQFRPSDUHGWRFHOOVFDUU\LQJWKH+77/35
ORQJDOOHOHO7KHUHFHQWO\LQWURGXFHGPHWKRGRORJ\RI³PROHFXODUQHXURLP
DJLQJ´ UHYHDOHG VSHFL¿F FKDQJHV LQEUDLQ UHJLRQV HJ DP\JGDODZKLFK
KDYHDIXQFWLRQDOUROHLQPRRGDQGDQ[LHW\UHJXODWLRQ7KHSRO\PRUSKLVP
RIWKH+77/35KDVEHHQVKRZQWREHDVVRFLDWHGZLWKVSHFL¿FFKDQJHVLQ
EUDLQUHJLRQVFRQWDLQLQJKLJKVHURWRQHUJLFFHOOVLQKHDOWK\FRQWUROVKRZHYHU
WKHUHLVDQHHGIRUVWXGLHVLQGHSUHVVHGSDWLHQWVWRGHPRQVWUDWHWKHFOLQLFDO
PHDQLQJIXOQHVV )XUWKHU VWXGLHV DUH ZDUUDQWHG WR XQFRYHU DQWLGHSUHVVDQW
WUHDWPHQWSURSHUWLHVLQUHODWLRQWRWKHVHURWRQLQV\VWHPLQRUGHUWRSUHGLFWWKH
DQWLGHSUHVVDQWHI¿FDF\DVZHOODVUHFRPPHQGDWLRQVIRUORQJWHUPRXWFRPH
6
1HXURDFWLYH6WHURLGVDV0RGXODWRUVRI'HSUHVVLRQDQG$Q[LHW\
5DLQHU5XSSUHFKW
'HSDUWPHQWRI3V\FKLDWU\/080XQLFK*HUPDQ\
(OHQD5RPHR
2EMHFWLYHV1HXURDFWLYHVWHURLGVDUHVWHURLGVWKDWLQWHUIHUHZLWKWKHIXQFWLRQ
RIQHXURWUDQVPLWWHUUHFHSWRUVHJOLJDQGJDWHGLRQFKDQQHOVVXFKDV*$%$
W\SH$UHFHSWRUV(VSHFLDOO\DOSKDUHGXFHGPHWDEROLWHVRISURJHVWHURQHDUH
SRWHQWSRZHUIXOSRVLWLYHDOORVWHULFPRGXODWRUVRI*$%$W\SH$UHFHSWRUV
:H LQYHVWLJDWHG WKH UROH RI VXFK QHXURDFWLYH VWHURLGV LQ GHSUHVVLRQ DQG
DQ[LHW\GLVRUGHUV
0HWKRGV:HVWXGLHGSDWLHQWVZLWKPDMRUGHSUHVVLRQEHIRUHDQGDIWHUWUHDW
PHQW ZLWK SKDUPDFRORJLFDO DQG QRQSKDUPDFRORJLFDO WUHDWPHQWV VOHHS
GHSULYDWLRQ U706(&7 DQGTXDQWL¿HGQHXURDFWLYH VWHURLGV0RUHYHYHU
ZH LQYHVWLJDWHGQHXURDFWLYHVWHURLGV LQSDWLHQWVZLWKSDQLFGLVRUGHU LQ WKH
DEVHQFHDQGSUHVHQFHRISKDUPDFRORJLFDOO\LQGXFHGSDQLFDWWDFNV1HXURDF
WLYH VWHURLGVZHUHTXDQWL¿HGXVLQJDKLJK\ VHQVLWLYHJDVFKURPDWRJUDSK\
PDVVVSHFWURPHWU\PHWKRG
5HVXOWV 7KH FRQFHQWUDWLRQV RI DOSKD UHGXFHG *$%$ DJRQLVWLF VWHURLGV
ZHUH UHGXFHG LQGHSUHVVLRQDQGQRUPDOL]HGE\ WUHDWPHQWZLWKDQWLGHSUHV
VDQWV1RQSKDUPDFRORJLFDO WUHDWPHQWVGLGQRWDIIHFWQHXURDFWLYHVWHURLGV
,QWKHDEVHQFHRISDQLFDWWDFNV*$%$DJRQLVWLFQHXURDFWLYHVWHURLGVZHUH
LQFUHDVHG LQ SDQLF GLVRUGHU+RZHYHU WKHUHZDV D SURQRXQFHG GHFOLQH LQ
WKHVHVWHURLGVGXULQJH[SHULPHQWDOO\LQGXFHGSDQLFDWWDFNV
&RQFOXVLRQV2XUGDWDVXJJHVWWKDWQHXURDFWLYHVWHURLGVDUHLQYROYHGLQWKH
SDWKRSK\VLRORJ\ RI GHSUHVVLRQ DQG DQ[LHW\ GLVRUGHUV DQG WKDW DQWLGHSUHV
VDQWVPD\ZRUN LQSDUW WKURXJKVWDELOL]LQJ WKHHTXLOLEULXPRIHQGRJHQRXV
*$%$HUJLFQHXURDFWLYHVWHURLGV
5HIHUHQFHV
5RPHR( 6WU|KOH$ 6SDOOHWWD* GL0LFKHOH )+HUPDQQ%+ROVERHU )
3DVLQL$5XSSUHFKW5 (IIHFWVRIDQWLGHSUHVVDQW WUHDWPHQWRQQHX
URDFWLYHVWHURLGVLQPDMRUGHSUHVVLRQ$PHULFDQ-RXUQDORI3V\FKLDWU\

6WU|KOH$ 5RPHR ( GL 0LFKHOH ) 3DVLQL$ +HUPDQQ % *DMHZVNL *
+ROVERHU ) 5XSSUHFKW 5  ,QGXFHG SDQLF DWWDFNV VKLIW *$%$$
UHFHSWRU PRGXODWRU\ VWHURLG FRPSRVLWLRQ LQ SDWLHQWV ZLWK SDQLF GLVRUGHU
SUHOLPLQDU\UHVXOWV$UFKLYHVRI*HQHUDO3V\FKLDWU\
5XSSUHFKW 5  1HXURDFWLYH VWHURLGV 0HFKDQLVPV RI DFWLRQ DQG
QHXURSV\FKRSKDUPDFRORJLFDO SURSHUWLHV 3V\FKRQHXURHQGRFULQRORJ\ 

6
056SHFWURVFRS\$IIHFWLYH'LVRUGHUDQGWKH(YDOXDWLRQRI
7UHDWPHQW(IIHFWV
'LHWHU)%UDXV
1HXUR,PDJH1RUG3V\FKLDWU\8QLYHUVLW\0HGLFDO&HQWUH+DP
EXUJ*HUPDQ\
0DJQHWLFUHVRQDQFHVSHFWURVFRS\056 LVRQHRI WKH WHFKQLTXHV WKDWDUH
EHFRPLQJ LQFUHDVLQJO\ DYDLODEOH LQPRVW05,XQLWV DQG LWV DSSOLFDWLRQ WR
SV\FKLDWU\ LV UHFHLYLQJPRUH DWWHQWLRQ HVSHFLDOO\ZKHQ RSHUDWLQJ DW ¿HOG
VWUHQJWK DW RU DERYH  7HVOD 056 UHOLHV RQ WKH VDPH QXFOHDU PDJQHWLF
UHVRQDQFH SULQFLSOHV DV05, DQG IXQFWLRQDO05, EXW DOORZV WKH UHODWLYH
TXDQWL¿FDWLRQ RI FHUWDLQ FRPSRXQGV DQG WKHLU FRQVWLWXHQWV LQ SUHGH¿QHG
EUDLQUHJLRQV,QWKHODVWIHZ\HDUVUHVHDUFKDSSOLFDWLRQRI056LQSV\FKLD
WU\IRFXVHVRQWKHXQGHUVWDQGLQJRIWKHEDVLFEUDLQIXQFWLRQDVZHOODVRQWKH
PRQLWRULQJRIQHXURSODVWLFWUHDWPHQWHIIHFWV
,Q DIIHFWLYH GLVRUGHUV HDUO\ UHSRUWV KDYH VKRZQ WKDW OLWKLXP WUHDWPHQW
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
OHDGVWRFKDQJHVLQEUDLQFKROLQH&KPHWDEROLVPSUREDEO\EHFDXVHRIWKH
LQKLELWLRQRIFKROLQH WUDQVSRUWDFURVVPHPEUDQHV0RUH UHFHQWO\ZHKDYH
GHPRQVWUDWHGWKDWDQWLGHSUHVVDQWVDVZHOODVHOHFWURFRQYXOVLYHWKHUDS\DUH
QRUPDOL]LQJ D UHGXFHG KLSSRFDPSDO F\WRVROLF FKROLQH VLJQDO LQ VHYHUHO\
GHSUHVVHGSDWLHQWVLQGLFDWLQJDQLQFUHDVHLQV\QDSWLFSODVWLFLW\)XUWKHUPRUH
WKHUHVXOWVRIRXUORQJWHUPIROORZXSVWXG\FRUURERUDWHRXURULJLQDO¿QGLQJ
WKDW (&7 KDV QR LQÀXHQFH RQ1$$ VLJQDOV ,Q DGGLWLRQ D ULVH RI UHODWLYH
FKROLQHFRQFHQWUDWLRQLQGXFHGE\(&6WUHDWPHQWLQUDWKLSSRFDPSXVPHDV
XUHG LQYLYRZLWKPDJQHWLF UHVRQDQFH VSHFWURVFRS\FRXOGEH VKRZQ7KLV
LQFUHDVHPD\FRUUHVSRQGWRWKHLQFUHDVHRIFKROLQHLQKXPDQKLSSRFDPSXV
DIWHUHOHFWURFRQYXOVLYHVKRFNWUHDWPHQW
%HFDXVHFKROLQHPHDVXUHGYLD056LVEHOLHYHGWRUHSUHVHQWSULPDULO\SKRV
SKRFKROLQH DQG JO\FHURSKRVSKRFKROLQH DQG WKHUHIRUH SKRVSKROLSDVH $
DFWLYLW\DQGPHPEUDQHWXUQRYHURXUUHVXOWVDUHLQJRRGDJUHHPHQWZLWKUH
SRUWHG(&6LQGXFHGKLSSRFDPSDOPRVV\¿EHUVSURXWLQJDQGLQFUHDVHGV\Q
DSWLFSODVWLFLW\2QJRLQJLPSURYHPHQWVDQGUH¿QHPHQWLQ056WHFKQLTXHV
ZLOODPHOLRUDWHERWKVSDWLDODQGWHPSRUDOUHVROXWLRQ:LWKJUHDWHUVWDQGDUGL
]DWLRQRI056SURFHGXUHVWKHTXDOLW\FRQWURORIWKHKDUGZDUH
DUWHIDFWGHWHFWLRQDQGZLWKEHWWHUPHWKRGVIRU WKH LQWHUSUHWDWLRQRI WKH
UHVXOWVWKHVHQRQLQYDVLYHPHWKRGVZLOOSOD\DXQLTXHUROHLQWKHUHVHDUFK
WRZDUGDQXQGHUVWDQGLQJRIQHXURSODVWLFWUHDWPHQWHIIHFWVLQSV\FKLDWU\
5HIHUHQFHV
%UDXV') HW DO  ± )XQFWLRQLQJ DQG QHXURQDO YLDELOLW\ RI WKH DQWH
ULRUFLQJXODWHJ\UXVIROORZLQJDQWLSV\FKRWLFWUHDWPHQW05VSHFWURVFRS\LQ
FKURQLFVFKL]RSKUHQLD(XURS1HXURSV\FKRSKDUPDFRORJ\
(QGH*%UDXV') HW DO  3URWRQPDJQHWLF UHVRQDQFH VSHFWUR
VFRSLF LPDJLQJ VWXG\RI WKH+LSSRFDPSXV LQ(&7 WUHDWHGSDWLHQWV $UFK
*HQ3V\FK
2EHUJULHHU7(QGH*%UDXV')+HQQ)$/RQJWHUPIROORZXSRI
05GHWHFWDEOHEUDLQPHWDEROLWHVLQWKHKLSSRFDPSXVRISDWLHQWVWUHDWHGZLWK
(&7-&OLQ3V\FK
6
1HDU,QIUDUHG6SHFWURVFRS\LQ3V\FKLDWU\D1HZ
1RQLQYDVLYH7HFKQRORJ\WR0RQLWRU%UDLQ)XQFWLRQLQ
%HGVLGH6HWWLQJV
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1,563RWHQWLDODQG/LPLWDWLRQVLQ3V\FKLDWU\
<RNR+RVKL
7RN\R,QVWLWXWHRI3V\FKLDWU\-DSDQ
,Q  -|EVLV ¿UVW GHVFULEHG WKH LQ YLYR DSSOLFDWLRQ RI QHDULQIUDUHG
VSHFWURVFRS\1,56DQGWKLVWHFKQLTXHZDVRULJLQDOO\GHVLJQHGIRUFOLQLFDO
PRQLWRULQJ RI WLVVXH R[\JHQDWLRQ 6LQFH WKH HDUO\ V LW KDV DOVR EHHQ
LQGHYHORSPHQWDVDXVHIXOWRROIRUQHXURLPDJLQJVWXGLHVIXQFWLRQDOQHDU
LQIUDUHGVSHFWURVFRS\I1,56,WGRHVQRWUHTXLUHPRWLRQUHVWULFWLRQDQGFDQ
EHXVHGLQDGDLO\OLIHHQYLURQPHQW(VSHFLDOO\DSRUWDEOH1,56LQVWUXPHQW
FRPELQHG ZLWK D ZLUHOHVV WHOHPHWU\ V\VWHP WKH ZHDUDEOH 1,56 V\VWHP
DOORZVVXEMHFWVWRPRYHGXULQJPHDVXUHPHQWVOLNHZLWKSRUWDEOH(&*DQG
((* LQVWUXPHQWV )LJ  7KXV 1,56 HQDEOHV QHXURLPDJLQJ VWXGLHV RQ
FKLOGUHQ WKHHOGHUO\DQGSDWLHQWVZLWKSV\FKRQHXURORJLFDOSUREOHPVZKR
KDYHQRWEHHQIXOO\H[DPLQHGXQWLOQRZEHFDXVHWKH\DUHGLI¿FXOWWRPHDVXUH
E\3(7DQGI05,
/DWHO\ 1,56 LV DQ LQFUHDVLQJO\ SRSXODU PHWKRG LQ SV\FKLDWU\ 6HY
HUDO UHVHDUFK JURXSV KDYH H[DPLQHG WDVNUHODWHG KHPRG\QDPLF FKDQJHV
LQ SV\FKLDWULF SDWLHQWV DQG IRXQG WDVNGHSHQGHQW DEQRUPDOLWLHV LQ IURQWDO
KHPRG\QDPLFVLQVFKL]RSKUHQLDDQGGHSUHVVLRQ7KHVHUHVXOWVXQGHUOLQHWKH
XVHIXOQHVVRI1,56LQLQYHVWLJDWLQJIURQWDOOREHG\VIXQFWLRQDQGHYDOXDWLQJ
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FRPELQHGVWXG\ZLWK1,56DQG63(&7KDVUHYHDOHGWKDWVFKL]RSKUHQLDLV
DFFRPSDQLHGE\G\VIXQFWLRQRIFHUHEURYDVFXODUUHDFWLYLW\HVSHFLDOO\LQWKH
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$W WKHVDPH WLPH WKHDFFXUDF\DQG UHOLDELOLW\RI1,56KDYHQRW\HWEHHQ
ZLGHO\ DFFHSWHG 7KLV LV PDLQO\ DWWULEXWDEOH WR LQFRPSOHWH NQRZOHGJH RI
ZKLFKUHJLRQLQWKHEUDLQLVVDPSOHGE\1,5OLJKWGLI¿FXOW\LQVHOHFWLYHGH
WHFWLRQRI1,56VLJQDOVDULVLQJIURPWKHFHUHEUDOWLVVXHDQGWKHSUREOHPRI
TXDQWL¿FDWLRQ,WKDVEHHQWKHPDMRUSUREOHPZLWK1,56WKDWFRQFHQWUDWLRQ
FKDQJHVLQ+EFDQQRWEHTXDQWL¿HGZKLFKKDVKLQGHUHG1,56IURPEHLQJ
ZLGHO\HPSOR\HGLQFOLQLFDOPHGLFLQHDQGUHVHDUFK2YHUWKHSDVW\HDUV
ZRUNLQWKH¿HOGRI1,56KDVFRQFHQWUDWHGRQVROYLQJWKLVSUREOHP0DQ\
GLIIHUHQWDSSURDFKHVWRTXDQWL¿FDWLRQKDYHEHHQWULHGDQGWKHTXDQWLWDWLYH
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RI1,56DUHFRQVLGHUDEOH1,56DOORZVQHZQHXURLPDJLQJVWXGLHVWKDWDUH
GLIIHUHQWIURPWKRVHZLWK3(7DQGI05,,WLVWKXVH[SHFWHGWKDW1,56ZLOO
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FRQWUROFRQGLWLRQ%RWKFRQGLWLRQVFRQVLVWHGRIWKUHHDFWLYDWLRQSKDVHVHDFK
ODVWLQJVHFRQGVZLWKDVHFRQGEDVHOLQHDQGDVHFRQGSRVWUHVWLQJ
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LQFUHDVHGGXULQJWKHDFWLYHSKDVHFRPSDUHGWRWKHEDVHOLQHIRUERWKFRQGL
WLRQVZKLOH WKH2+EFRQFHQWUDWLRQZDVVLJQL¿FDQWO\KLJKHU LQ WKHDFWLYH
SKDVH IRU WKH OLQH RULHQWDWLRQ FRQGLWLRQ DV FRPSDUHG WR WKH FRORXU QDP
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UHSRUWHG ERWK K\SR DQG K\SHUDFWLYDWLRQ RI WKH GRUVRODWHUDO SUHIURQWDO
FRUWH['/3)&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VXEMHFWVRQFRUUHFWWULDOVEXWQRWRQHUURUWULDOV6FKL]RSKUHQLFSDWLHQWVGLG
QRWVKRZWKLVDV\PPHWU\VXFKWKDWWKH\VKRZHGDQLQFUHDVHGOHIWRUELODWHUDO
'/3)&DFWLYDWLRQRQFRUUHFWWULDOV7KLVSDWWHUQZDVREVHUYHGLQERWK1,56
DQGI05,GDWD
&RQFOXVLRQV7KHVH UHVXOWV VXJJHVW WKDW VFKL]RSKUHQLDPD\ EH DVVRFLDWHG
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7KUHHSV\FKLDWULFJURXSVGHPRQVWUDWHGGLIIHUHQWSDWWHUQVRI>R[\
+E@FKDQJHVIURPWKRVHLQWKHFRQWUROJURXSGXULQJWKHZRUGÀXHQF\WDVN
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JURXSE\ VPDOOHU >R[\+E@ LQFUHDVH DQG WKH ELSRODU GHSUHVVLRQJURXSE\
FRPSDUDEOHEXWGHOD\HG>R[\+E@LQFUHDVH
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VWXG\ LV WR H[DPLQHPXRSLRLG QHXURWUDQVPLVVLRQ IXQFWLRQ XVLQJ SRVLWURQ
.%52/)-!').'¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
HPLVVLRQWRPRJUDSK\3(7LQSDWLHQWVGLDJQRVHGZLWK%3'7KH3(7H[
DPVPXRSLRLGUHFHSWRUDFWLYDWLRQLQUHVSRQVHWRUHFDOORIERWKDQHXWUDODQG
DQHJDWLYHVXVWDLQHGVDGQHVVDXWRELRJUDSKLFDOPHPRU\LQQRUPDOFRQWUROV
DPDMRU GHSUHVVLRQ FRPSDULVRQ JURXS DQG VXEMHFWV ZLWK %3' ,QFUHDVHG
XQGHUVWDQGLQJ RIPXRSLRLG QHXURWUDQVPLVVLRQ LQ SDWLHQWVZLWK%3'PD\
UHYHDOLQIRUPDWLRQDERXWWKHLUDIIHFWLYHODELOLW\
0HWKRGV6XEMHFWVDUHDOOIHPDOHDQGDUHDWOHDVW\HDUVROG$OOVXEMHFWV
DUHIHPDOH6XEMHFWVDUHJLYHQDGLDJQRVWLFHYDOXDWLRQDQGV\PSWRPUDWLQJ
VFDOHV%3'VXEMHFWVPXVWPHHW6&,',,FULWHULDIRU%3'DQGPXVWPHHWWKH
FULWHULRQIRUDIIHFWLYHLQVWDELOLW\&RPSDULVRQJURXSVDUHDJHPDWFKHGFDUH
IXOO\ GLDJQRVHGZRPHQZLWKPDMRU GHSUHVVLRQ DQGQRUPDO FRQWUROV(DFK
VXEMHFWXQGHUJRHVDWOHDVWRQH3(7VWXG\DQGRQHKLJKUHVROXWLRQVWUXFWXUDO
05, 3(7 VWXGLHV HPSOR\ P&L >&@FDUIHQWDQLO &)1 D VHOHFWLYH
PXRSLRLGUHFHSWRUUDGLROLJDQG6HOILQGXFHGVXEMHFWLQGXFHGQHXWUDODQG
VDGQHVVVWDWHVYLDDXWRELRJUDSKLFDOPHPRULHVDUHHOLFLWHGDWDQGPLQ
SRVWWUDFHUDGPLQLVWUDWLRQ6FDQRUGHUQHXWUDORUVXVWDLQHGVDGQHVVLVUDQG
RPL]HGDQGFRXQWHUEDODQFHGEHWZHHQVXEMHFWV9ROXPHRI,QWHUHVW$QDO\VLV
DQG 6WDWLVWLFDO 3DUDPHWULF 0DSSLQJ DUH FRPSOHWHG ZLWK WKH 3(7 GDWD
'HSUHVVLYHDQGDQ[LHW\V\PSWRPVDUHUDWHGZLWKWKH%',WKH67$,WKH
LWHP+$0'DQGWKH+$0$7KH3RVLWLYHDQG1HJDWLYH$IIHFWLYLW\6FDOH
3$1$6SURYLGHV WZRJHQHUDOPHDVXUHVRI DIIHFW QHJDWLYH DQGSRVLWLYH
DQGKDVVXEVFDOHVUDWLQJLQGLYLGXDODIIHFWLYHVWDWHV7KH3UR¿OHRI0RRG
6WDWHV3206LVDGPLQLVWHUHGEHIRUHDQGDIWHUHDFKVFDQQLQJSHULRG
5HVXOWV3UHOLPLQDU\UHVXOWVUHYHDOWKDWLQERWKWKHURVWUDODQWHULRUFLQJXODWH
DQG LQ WKH LQIHULRU WHPSRUDO FRUWH[%3' VXEMHFWV UHYHDOPRUHPXRSLRLG
DFWLYDWLRQWKDQHLWKHUWKHFRQWURORUWKHPDMRUGHSUHVVLYHFRPSDULVRQJURXSV
7KLVGDWDZLOOEHXSGDWHGDWWKHWLPHRIWKHPHHWLQJLQWKDWVXEMHFWVDUHVWLOO
EHLQJUHFUXLWHGDQGGDWDFROOHFWHG
&RQFOXVLRQV 6XEMHFWV ZLWK %3' DSSHDU WR KDYH PRUH DFWLYDWLRQ RI WKH
PXRSLRLGV\VWHPWKDQHLWKHUGHSUHVVLYHVRUQRUPDOFRQWUROV%3'VXEMHFWV
DSSHDUWRDFWLYDWHWKHPXRSLRLGV\VWHPHYHQLQUHVSRQVHWRQHXWUDOVWLPXOL
7KH UHODWLRQVKLS RI WKHVH ¿QGLQJV WR DIIHFWLYH LQVWDELOLW\ LQ %3'ZLOO EH
GLVFXVVHG
5HIHUHQFHV
+HUSHUW]6*UHW]HU$6WHLQPH\HU(00XHKOEDXHU96FKXHUNHQV$6DVV
+$IIHFWLYH LQVWDELOLW\DQG LPSXOVLYLW\ LQSHUVRQDOLW\GLVRUGHU5H
VXOWVRIDQH[SHULPHQWDOVWXG\-$IIHFW'LVRUG
6FKPDKO &* 9HUPHWWHQ ( (O]LQJD %0 %UHPQHU -' $ SRVLWURQ
HPLVVLRQWRPRJUDSK\VWXG\RIPHPRULHVRIFKLOGKRRGDEXVHLQERUGHUOLQH
SHUVRQDOLW\GLVRUGHU%LRO3V\FKLDWU\
6LHYHU/-7RUJHUVHQ6*XQGHUVRQ -*/LYHVOH\:-.HQGOHU.6 
7KHERUGHUOLQHGLDJQRVLV,,,,GHQWLI\LQJHQGRSKHQRW\SHVIRUJHQHWLFVWXG
LHV%LRO3V\FKLDWU\
=XELHWD-.%XHOOHU-$;X<.RHSSH5$<RXQJ($$EQRUPDOL
WLHVLQPXRSLRLGUHFHSWRUELQGLQJDQGHQGRJHQRXVRSLRLGUHOHDVHLQ0DMRU
'HSUHVVLRQ&OLQLFDODQGQHXURHQGRFULQHFRUUHODWHV%LRO3V\FKLDWU\
=XELHWD-.%XHOOHU-$;X<.RHSSH5$.HWWHU7$D$QWHULRUFLQ
JXODWHPXRSLRLGUHFHSWRUVUHJXODWHDIIHFWLYHVWDWHV%LRO3V\FKLDWU\
6
1HXUDO&RUUHODWHVRI7UDXPDWLFDQG$EDQGRQPHQW
5HPHPEUDQFHLQ%RUGHUOLQH3HUVRQDOLW\'LVRUGHU
&KULVWLDQ6FKPDKO
&HQWUDO,QVWLWXWHRI0HQWDO+HDOWK0DQQKHLP*HUPDQ\
2EMHFWLYHV %RUGHUOLQH 3HUVRQDOLW\ 'LVRUGHU %3' LV D KLJKO\ SUHYDOHQW
FRQGLWLRQZKLFKLVRIWHQUHODWHGWRVWUHVVRUV6H[XDOSK\VLFDODQGHPRWLRQ
DODEXVHLVDFRPPRQH[SHULHQFHLQWKLVSRSXODWLRQ1HXURLPDJLQJVWXGLHV
ZLWKWUDXPDWLFPHPRULHVLQDQRWKHUVWUHVVUHODWHGGLVRUGHU376'LPSOLFDWH
G\VIXQFWLRQRISUHIURQWDOFRUWH[DUHDVDQGDQWHULRUFLQJXODWH
0HWKRGV7KHVWXG\LQFOXGHGIHPDOHSDWLHQWVZLWK%RUGHUOLQH3HUVRQDO
LW\'LVRUGHU DQG IHPDOH FRQWURO SDUWLFLSDQWV$OOZRPHQKDG DKLVWRU\
RIDEXVHEHIRUHDJH7KHSDUWLFLSDQWVZHUHUHDGSHUVRQDOL]HGVFULSWVRI
VLWXDWLRQVRIWUDXPDWLFH[SHULHQFHDEDQGRQPHQWDQGQHXWUDOVFULSWVGXULQJ
DFTXLVLWLRQRI23(7VFDQV
5HVXOWV'XULQJPHPRULHV RI WUDXPDZRPHQZLWK%3' IDLOHG WR DFWLYDWH
DQWHULRU FLQJXODWH J\UXV DV ZHOO DV RUELWRIURQWDO FRUWH[ $EDQGRQPHQW
PHPRULHVZHUHDVVRFLDWHGZLWKJUHDWHUGHFUHDVHVLQULJKWDQWHULRUFLQJXODWH
LQZRPHQZLWK%3'WKDQLQZRPHQZLWKRXW%3'
&RQFOXVLRQV 7KLV VWXG\ UHYHDOV G\VIXQFWLRQ LQ IURQWDO DQG OLPELF EUDLQ
DUHDVLQUHVSRQVHWRPHPRULHVRIWUDXPDDQGDEDQGRQPHQWLQ%3'$UHDV
UHVHPEOHWKRVHIRXQGWRSOD\DUROHLQVWUHVVIXOPHPRULHVLQ376'
6
1HXUDO&RUUHODWHVRI3DLQ3URFHVVLQJLQ6HOI,QMXULRXV3DWLHQWV
ZLWK%RUGHUOLQH3HUVRQDOLW\'LVRUGHU
$QMD-RFKLPV
&HQWUDO,QVWLWXWHRI0HQWDO+HDOWK0DQQKHLP*HUPDQ\
&KULVWLDQ6FKPDKO
2EMHFWLYHV %RUGHUOLQH 3HUVRQDOLW\ 'LVRUGHU %3' LV FKDUDFWHUL]HG E\
UHGXFHG SDLQ VHQVLWLYLW\ DQG KLJK OHYHOV RI VWUHVV ,Q SDWLHQWV ZLWK %3'
VWUHVVLQGXFHGVWDWHVRIUHGXFHGSDLQSHUFHSWLRQDQGGLVVRFLDWLRQDUHRIWHQ
UHOLHYHGE\VHOILQMXULRXVEHKDYLRU
0HWKRGV:HXVHG SDLQIXO KHDW VWLPXOL LQ FRPELQDWLRQZLWK I05, WR H[
DPLQHQHXUDOSURFHVVHVXQGHUO\LQJSDWKRORJLFDOO\ UHGXFHGSDLQ VHQVLWLYLW\
LQ%3'3DWLHQWVZLWK%3'DQGKHDOWK\DJHPDWFKHGFRQWUROVXEMHFWVZHUH
LQYHVWLJDWHGXQGHUWZRVWLPXOXVFRQGLWLRQV$¿[HGWHPSHUDWXUH&DQG
DWHPSHUDWXUHPDWFKHGWR\LHOGWKHVDPHSHUFHLYHGSDLQLQWHQVLW\
5HVXOWV &RPSDUHG WR FRQWUROV SDWLHQWV KDG KLJKHU SDLQ WKUHVKROGV DQG
VKRZHG OHVV EUDLQ DFWLYDWLRQZKHQ VWLPXODWHGZLWK WKH ¿[HG WHPSHUDWXUH
%3' SDWLHQWV H[KLELWHG VWURQJHU DFWLYDWLRQ VLJQDOV LQ WKH GRUVRODWHUDO
SUHIURQWDOFRUWH[DQGDVLJQDOGHFUHDVHLQWKHSHULJHQXDODQWHULRUFLQJXODWH
J\UXVDQGLQWKHDP\JGDOD$P\JGDODDFWLYDWLRQSDWWHUQVGLIIHUHGEHWZHHQ
SDWLHQWVZLWKDQGZLWKRXWSDLQSHUFHSWLRQGXULQJVHOILQMXULRXVEHKDYLRU
&RQFOXVLRQV2XUGDWDVXJJHVWWKDWUHGXFHGSDLQVHQVLWLYLW\LQ%3'PD\EH
UHODWHGWRUHFUXLWPHQWRIDQWLQRFLFHSWLYHFLUFXLWVLQWKHDQWHULRUFLQJXODWHDQG
GRUVRODWHUDOSUHIURQWDOFRUWH[DFFRPSDQLHGE\UHGXFHGDFWLYLW\LQFRJQLWLYH
HYDOXDWLYHQHWZRUNV
6
&KLOGKRRG$EXVH5HODWHG%UDLQ$OWHUDWLRQVDQG3DWKRORJ\LQ
%RUGHUOLQH3HUVRQDOLW\'LVRUGHU
7KRPDV5LQQH
/HLGHQ8QLYHUVLW\0HGLFDO&HQWHU/80&1HWKHUODQGV
:LPYDQGHQ%ULQN(5RQGH.ORHW
2EMHFWLYHV&KURQLF FKLOGKRRG DEXVH LV DVVRFLDWHGZLWK D SHUVLVWHQW KLJK
ULVN IRU SV\FKLDWULF GLVRUGHUV VXFK DVPDMRU GHSUHVVLYHGLVRUGHU SRVWWUDX
PDWLFVWUHVVGLVRUGHUVXEVWDQFHDEXVHDQGVHOIGHVWUXFWLYHEHKDYLRU$EXVH
FDQOHGWRLQFUHDVHGVXVFHSWLELOLW\WRLPPXQHPHWDEROLFDQGFDUGLRYDVFXODU
GLVHDVHV 7KH SUHYDOHQFH RI FKLOGKRRG DEXVH LV FRQVLGHUDEO\ LQFUHDVHG
DPRQJ%RUGHUOLQH3HUVRQDOLW\'LVRUGHU%3'SDWLHQWVZKRRIWHQDOVRVXI
IHUIURPYDULRXVVWUHVVUHODWHGFRPRUELGGLVRUGHUV$OWHUDWLRQVRI+3$D[LV
IXQFWLRQPD\IRUPWKHLQWHUIDFHEHWZHHQDGYHUVHFKLOGKRRGH[SHULHQFHVDQG
SV\FKRSDWKRORJ\
0HWKRGV$QLPDOVWXGLHVDVZHOODVVWXGLHVZLWKKXPDQVGHPRQVWUDWHWKDW
HDUO\DQGVXVWDLQHGVWUHVVDOWHUVWKHIXQFWLRQRIWKHK\SRWKDODPLFSLWXLWDU\
DGUHQDO +3$ D[LV DQG FHQWUDO VHURWRQHUJLF V\VWHPV7KH SUHFOLQLFDO DQG
FOLQLFDO¿QGLQJV IURPHDUO\ WUDXPDWLFVWUHVVVWXGLHVZLOOEHV\QWKHVL]HG WR
DQLQWHJUDWHGPRGHO
5HVXOWV $Q LQFUHDVHG FHQWUDO GULYH RI FRUWLFRWURSLQH UHOHDVLQJ KRUPRQH
&5+DQGDUJHQLQHYDVRSUHVVLQ$93LQWKHK\SRWKDODPXVLVWKHKDOOPDUN
RID+3$D[LVK\SHUUHVSRQVLYLW\WRVWUHVV7KLVK\SHUUHVSRQVLYLW\FDQUHQGHU
WKHYLFWLPVGHSHQGLQJRIWKHLUJHQHWLFSUHGLVSRVLWLRQVVXVFHSWLEOHWRVWUHVV
UHODWHG SV\FKLDWULF DQG VRPDWLF GLVRUGHUV0RUHRYHU 665, WUHDWPHQW QRU
PDOL]HV+3$D[LVK\SHUUHVSRQVLYLW\LQWKRVH%3'SDWLHQWVZKRKDYHEHHQ
H[SRVHGWRVXVWDLQHGDEXVHGXULQJFKLOGKRRG
&RQFOXVLRQV 6XVWDLQHG WUDXPDWLF VWUHVV GXULQJ FKLOGKRRG KDV SURIRXQG
FRQVHTXHQFHVIRUWKHVWUHVVVHQVLWLYLW\DQGPDQ\EUDLQIXQFWLRQVDVZHOODV
IRU WKHGHYHORSPHQWRISHUVRQDOLW\DQGVWUHVV UHODWHGSV\FKRSDWKRORJ\
*LYHQWKHVHLPSOLFDWLRQVDWUDXPDUHODWHGFRQFHSWXDOL]DWLRQIRUWKHFKURQL
FDOO\FKLOGKRRGDEXVHG%3'VXEJURXSLVUHOHYDQWDQGPLJKWEHKHOSIXOIRU
FOLQLFDO SUDFWLFH DQG UHVHDUFK0RUHRYHU FKURQLF 665, WUHDWPHQWPD\ EH
DLPHGDW WKHSUHYHQWLRQRIVWUHVV UHODWHGGLVRUGHUV LQ%3'SDWLHQWVZLWKD
KLVWRU\RIFKURQLFFKLOGKRRGDEXVH
.%52/)-!').'¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
1HXURLPDJLQJLQ(DWLQJ'LVRUGHUV
6
5HJLRQDO&HUHEUDO%ORRG)ORZLQ:HLJKW5HVWRUHG$QRUH[LD
1HUYRVD
0DULD5nVWDP
6DKOJUHQVND8QLYHUVLW\+RVSLWDO*|WHERUJ6ZHGHQ
-DQ%MXUH(OHRQRU9HVWHUJUHQ3DXO8YHEUDQW,&DULQD*LOOEHUJ
(OLVDEHW:HQW]&KULVWRSKHU*LOOEHUJ
2EMHFWLYHV7KHSDWKRJHQHVLVRIDQRUH[LDQHUYRVD$1UHPDLQVXQNQRZQ
+RZHYHU VHYHUDO LQYHVWLJDWLRQV KDYH LQGLFDWHG DVVRFLDWHG EUDLQ G\VIXQF
WLRQ:KHWKHUWKHDEQRUPDOLWLHVGHPRQVWUDWHGDUHSULPDU\RUVHFRQGDU\WR
VWDUYDWLRQKDVQRW\HWEHHQHOXFLGDWHG7KHDLPRIWKHSUHVHQWVWXG\ZDVWR
FRPSDUHUHJLRQDOFHUHEUDOEORRGÀRZU&%)LQDJURXSRILQGLYLGXDOVZLWK
DKLVWRU\RI$1WRWKDWLQDJURXSRILQGLYLGXDOVIUHHIURPHDWLQJGLVRUGHUV
DQGQHXURORJLFDOGLVRUGHUV
0HWKRGV7ZHQW\RQHLQGLYLGXDOVIHPDOHVPDOHVZLWKWHHQDJHRQVHW
$1RIZKRPZHUHZHLJKWUHVWRUHGZHUHDVVHVVHGXVLQJVLQJOHSKRWRQ
HPLVVLRQFRPSXWHG WRPRJUDSK\ 63(&7\HDUVDIWHURQVHWRI$1DW D
PHDQDJHRI\HDUV)RUFRPSDULVRQZHUHFUXLWHGD\RXQJHUJURXSZLWKRXW
QHXURSV\FKLDWULF GLVRUGHU PHDQ DJH  \HDUV ¿YH IHPDOHV IRXUPDOHV
ZKRXQGHUZHQW63(&7DWIROORZXSDIWHUDQRSHUDWLRQIRUFRDUFWDWLRQRIWKH
DRUWDQ LQWKHQHRQDWDOSHULRGRUSULRUWRWUHDWPHQWEHFDXVHRIO\PSKDWLF
OHXNDHPLDQ $OOFRPSDULVRQFDVHVKDGQRUPDO05,¿QGLQJV7KH\KDG
EHHQH[DPLQHGLQWKHVDPHQXFOHDUODERUDWRU\E\WKHVDPHWHDPXVLQJWKH
VDPHSURFHGXUHDVLQWKH$1JURXS7KHUHZDVQRFRUUHODWLRQEHWZHHQDJH
DQG U&%) LQ WKH FRPSDULVRQ JURXS (WKLFDO FRQVLGHUDWLRQV SUHFOXGHG WKH
VWXG\RIU&%)LQSDUWLFLSDQWVZLWKQRUPDOGHYHORSPHQW
5HVXOWV7KH$1JURXSVKRZHGPDUNHGK\SRSHUIXVLRQRIWHPSRUDOSDULHWDO
RFFLSLWDODQGRUELWRIURQWDOOREHVFRPSDUHGWRWKHFRQWUDVWJURXSU&%)ZDV
QRWFRUUHODWHGWRERG\PDVVLQGH[LQDQ\RIWKHJURXSV
&RQFOXVLRQV5HVXOWVVXJJHVW WKDWHYHQORQJDIWHUUHIHHGLQJKDVRFFXUUHG
$1PD\EHDVVRFLDWHGZLWKPRGHUDWHWRVHYHUHFHUHEUDOEORRGÀRZK\SRS
HUIXVLRQ LQ WKH WHPSRURSDULHWDO RU WHPSRURSDULHWRRFFLSLWDO UHJLRQDQG LQ
WKHRUELWRIURQWDOUHJLRQ$OLPLWDWLRQRIWKHVWXG\LVWKDWWKH\RXQJFRQWUDVW
JURXSFRXOGEHH[SHFWHGWRKDYHDKLJKHUJOREDOU&%)WKDQWKH$1JURXS
+RZHYHUWKLVVKRXOGQRWVLJQL¿FDQWO\DIIHFWWKHUHODWLYHYDOXHVXVHGLQWKLV
VWXG\
5HIHUHQFHV
5nVWDP0%MXUH-9HVWHUJUHQ(8YHEUDQW3*LOOEHUJ,&:HQW](*LOOEHUJ
&5HJLRQDOFHUHEUDOEORRGÀRZLQZHLJKWUHVWRUHGDQRUH[LDQHUYRVD
D SUHOLPLQDU\ VWXG\ 'HYHORSPHQWDO 0HGLFLQH DQG &KLOG 1HXURORJ\ 

6
,PSDFWRI7UHDWPHQWRQ&HUHEUDO%ORRG)ORZLQ3DWLHQWVZLWK
$QRUH[LD1HUYRVD
7HWVXUR1DUXR
.DJRVKLPD8QLYHUVLW\*UDGXDWH6FKRRORI0HGLFDODQG'HQWDO
6FLHQFH-DSDQ
0DVD\D.RMLPD.D]XWRVKL0DHPXUD<RVKLDNL1DNDEHSSX
0DVD\XNL1DNDMR$NLR,QXL
2EMHFWLYHV7RNQRZLQÀXHQFHVRIWKHUDSHXWLFLQWHUYHQWLRQRQFHUHEURYDV
FXODUSDWKRORJ\ZKLFKFRXOGUHÀHFWIXQFWLRQDOFLUFXLWU\LQWKHSDWLHQWVZLWK
UHVWULFWLYH DQRUH[LD QHUYRVD $15ZH LQYHVWLJDWHG FKDQJHV LQ UHJLRQDO
FHUHEUDOEORRGÀRZU&%)EHIRUHDQGDIWHUZHLJKWJDLQDQGFRPSDUHGZLWK
QRUPDOVXEMHFWV:HDOVRSHUIRUPHGQHXURSV\FKLDWU\WHVWVWRLQYHVWLJDWHWKH
FKDQJHRIQHXURSV\FKLDWULFIXQFWLRQRIWKHSDWLHQWV
0HWKRGV:H DVVHVVHG UHVWLQJ U&%) XVLQJ VLQJOHSKRWRQ HPLVVLRQ FRP
SXWHGWRPRJUDSK\ZLWKWHFKQHWLXPPKH[DPHWK\OSURS\OHQHDPLQHR[LPH
+03$2(DFK SDWLHQWZDV H[DPLQHG DW WZR WLPH SRLQWV QDPHO\ DW WKH
EHJLQQLQJRIWUHDWPHQWDQGDIWHUZHLJKWJDLQDYHUDJHH[DPLQDWLRQLQWHUYDO
GD\V&RQWUROVZHUHH[DPLQHGRQO\RQFH
5HVXOWV%HIRUHWUHDWPHQWWKH$15JURXSKDGORZHUU&%)LQWKHELODWHUDO
DQWHULRU OREHV LQFOXGLQJ WKHDQWHULRUFLQJXODWHFRUWH[ $&&DQG ULJKWSD
ULHWDO LQVXODDQGRFFLSLWDO OREH$IWHUZHLJKWJDLQWKH\VKRZHGVLJQL¿FDQW
LQFUHDVHVLQWKHULJKWSDULHWDO OREHDQGGHFUHDVHVLQEDVDOJDQJOLDDQGFHU
HEHOOXP LQ DFFRUGDQFH ZLWK VLJQL¿FDQW LPSURYHPHQW LQ ERG\ZHLJKW DQG
HDWLQJDWWLWXGHV+RZHYHULQWHUHVWLQJO\WKH\VKRZHGSHUVLVWHQWGHFUHDVHVLQ
WKH$&&DUHDHYHQDIWHUZHLJKWJDLQZKHQFRPSDUHGWR WKHFRQWUROV6LJ
QL¿FDQWSRVLWLYHFRUUHODWLRQZDVREVHUYHGEHWZHHQWKH%0,DQGWKHU&%)
LQ WKH RFFLSLWDO OREH LQ WKH SDWLHQWV$PRQJ WKH VXEWHVWV RI WKH:HFKVOHU
0HPRU\6FDOH5HYLVHGWKHSDWLHQWVVKRZHGVLJQL¿FDQWO\LPSDLUHGIXQFWLRQ
RQ YHUEDO GHFODUDWLYH DQG VSDWLDO ZRUNLQJ PHPRU\ EHIRUH DQG UHFRYHUHG
DIWHUWUHDWPHQW
&RQFOXVLRQV,QSDWLHQWWUHDWPHQWPD\FRQWULEXWHWKHUHFRYHU\RIDEQRUPDO
IXQFWLRQDOFLUFXLWU\RIWKHODUJHEUDLQDUHDEXWWKHDEQRUPDOLW\LQWKH$&&
PD\KDYHDSRRUUHVSRQVHWRWKHWUHDWPHQWLQ$15DQGK\SRSHUIXVLRQRI
WKHULJKWSDULHWDOOREHPD\UHÀHFWWKHFRJQLWLYHG\VIXQFWLRQRI$1
5HIHUHQFHV
'HYLQVN\ 2  5LJKW FHUHEUDO KHPLVSKHUH GRPLQDQFH IRU D VHQVH RI
FRUSRUHDODQGHPRWLRQDOVHOI(SLOHSV\	%HKDYLRU
8KHU 5 HW DO  5HFRYHU\ DQG FKURQLFLW\ LQ DQRUH[LD QHUYRVD EUDLQ
DFWLYLW\DVVRFLDWHGZLWKGLIIHUHQWLDORXWFRPHV%LRO3V\FKLDWU\
.RMLPD 0 HW DO  &RPSDULVRQ RI UHJLRQDO FHUHEUDO EORRG ÀRZ LQ
SDWLHQWVZLWKDQRUH[LDQHUYRVDEHIRUHDQGDIWHUZHLJKWJDLQ3V\FKLDW5HV
LQSUHVV
6
7KH$SSHWLWH(PRWLRQDO0HWDEROLFDQG+RUPRQDO5HVSRQVH
DQGWKH(IIHFWRQ&HUHEUDO3URFHVVLQJRI)RRG5HODWHG6WLPXOL
)ROORZLQJD+RXU)DVW$&RPSDULVRQEHWZHHQWKH*HQGHUV
-DQHW7UHDVXUH
,QVWLWXWHRI3V\FKLDWU\.LQJ¶V&ROOHJH8QLYHUVLW\RI/RQGRQ8.
5XGROI8KHU,DQ&DPSEHOO
%DFNJURXQG:HKDYHIRXQGLQRXUI05,VWXGLHVRQSHRSOHZLWKHDWLQJGLV
RUGHUWKDWWKHUHLVDFWLYDWLRQRIWKHRUELWRIURQWDOFRUWH[DQGWKHDQWHULRUFLQ
JXODWHLQUHVSRQVHWRLPDJHVRIIRRG,WLVXQFHUWDLQZKHWKHUWKLVDFWLYDWLRQ
LVUHODWHGWRWKHVSHFL¿FSV\FKRSDWKRORJ\RIDQRUH[LDQHUYRVDRUZKHWKHULW
UHVXOWVIURPVHFRQGDU\FRQVHTXHQFHVRIWKHLOOQHVVHJVWDUYDWLRQ:HZHUH
WKHUHIRUHLQWHUHVWHGWRH[DPLQHWKHHIIHFWRIDKRXUIDVWRQWKHEUDLQUH
VSRQVHWRIRRGUHODWHGVWLPXOLLQWKHQRUPDO\RXQJPHQDQGZRPHQ
3URFHGXUH:HVWXGLHGDSRSXODWLRQRIZRPHQDQGPHQRQRFFDVLRQV
RQFHDIWHUKRXUVIDVWLQJDQGRQFHGXULQJQRUPDOHDWLQJ7KHVWLPXOLXVHG
ZHUHSLFWXUHVRIIRRGDQGWDVWHVDPSOHVRIIRRG
5HVXOWV7KHLQVXODUUHVSRQVHWRJXVWDWRU\VWLPXOLZDVVWURQJHULQWKHIDVW
LQJFRQGLWLRQ7KHLQIHULRURFFLSLWRWHPSRUDOUHVSRQVHWRYLVXDOIRRGVWLPXOL
VKRZHGDWHQGHQF\LQWKHVDPHGLUHFWLRQ:RPHQKDGDVWURQJHUUHVSRQVHWR
YLVXDODQGJXVWDWRU\IRRGVWLPXOLLQWKHLQIHULRURFFLSLWRWHPSRUDOFRUWH[DQG
WKHLQVXODDQGIURQWDORSHUFXOXPUHVSHFWLYHO\
&RQFOXVLRQV )DVWLQJPRGXODWHG WKH UHDFWLYLW\ WR IRRG VWLPXOL LQ VSHFL¿F
VHQVRU\FRUWLFDODUHDV:RPHQKDGERWKHQKDQFHGFHUHEUDODFWLYLW\WRIRRG
UHODWHGVWLPXOLDQGPRUHKXQJHUDQGQHJDWLYHHPRWLRQGXULQJ WKHKRXU
IDVW7KHHQKDQFHGUHDFWLYLW\WRH[WHUQDOIRRGUHODWHGVWLPXOLLQZRPHQPD\
EHDPDUNHURIJHQGHUUHODWHGVXVFHSWLELOLW\WRHDWLQJGLVRUGHUVDQGREHVLW\
5HIHUHQFHV
8KHU50XUSK\7%UDPPHU0-'DOJOHLVK73KLOOLSV0/1J9:HWDO
0HGLDOSUHIURQWDO FRUWH[DFWLYLW\ DVVRFLDWHGZLWK V\PSWRPSURYRFDWLRQ LQ
HDWLQJGLVRUGHUV$P-3V\FKLDWU\
8KHU5%UDPPHU0-0XUSK\7&DPSEHOO,&1J9::LOOLDPV6&HW
DO5HFRYHU\DQGFKURQLFLW\ LQ DQRUH[LDQHUYRVDEUDLQDFWLYLW\ DVVRFLDWHG
ZLWKGLIIHUHQWLDORXWFRPHV%LRO3V\FKLDWU\
6
6HURWRQLQ$%LQGLQJ,QGH[LQ(DWLQJ'LVRUGHU3DWLHQWV
.XUW$XGHQDHUW
'HSRI3V\FKLDWU\8QLYHUVLW\+RVSLWDO*KHQW%HOJLXP
,QJHERUJ*RHWKDOV0\ULDP9HUYDHW*XLGR6OHJHUV
&HHVYDQ+HHULQJHQ
2EMHFWLYHV  7R LQYHVWLJDWH WKH VHURWRQLQ$ +7$ ELQGLQJ LQGH[
LQ$QRUH[LD1HUYRVD $1DQG%XOLPLD1HUYRVD %1SDWLHQWVDQG  WR
LQYHVWLJDWH WKH UHODWLRQ EHWZHHQ WKH +7$ ELQGLQJ LQGH[ DQG FRJQLWLYH
FKDUDFWHULVWLFVDQGSHUVRQDOLW\WUDLWV
.%52/)-!').'¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
0HWKRGV3DWLHQWVZLWK$11 DQG%11 ZHUH LQFOXGHG LQ WKH
VWXG\DQGFRPSDUHGWRDJHPDWFKHGKHDOWK\YROXQWHHUV7KH+7$ELQGLQJ
LQGH[ZDVDVVHVVHGZLWK,,563(&7DQGSHUVRQDOLW\WUDLWVZHUH
LQYHVWLJDWHGZLWKWKH7HPSHUDPHQWDQG&KDUDFWHU,QYHQWRU\7&,
5HVXOWV&RPSDUHG WRDJHPDWFKHGKHDOWK\YROXQWHHUV$1SDWLHQWVKDGD
UHGXFHG+7$ELQGLQJLQGH[LQWKHOHIWIURQWDOELODWHUDOSDULHWDODQGELODW
HUDORFFLSLWDOFRUWH[7KH+7$ELQGLQJLQGH[LQ$1SDWLHQWVZLWKEXOLPLF
IHDWXUHV ZDV VLJQL¿FDQWO\ UHGXFHG LQ WKH OHIW DQG ULJKW SDULHWDO FRUWH[ LQ
FRPSDULVRQZLWK UHVWULFWLYH$1SDWLHQWV7KHUHZDV D SRVLWLYH FRUUHODWLRQ
EHWZHHQ+7$ELQGLQJLQGH[DQGWKH7&,7HPSHUDPHQWYDULDEOH5HZDUG
'HSHQGHQFH7KH+7$ELQGLQJLQWKH%1SDWLHQWVZDVQRWVLJQL¿FDQWO\
GLIIHUHQWIURPWKDWRIWKHKHDOWK\YROXQWHHUV
&RQFOXVLRQV 6HURWRQLQ$ ELQGLQJ LQGH[ LV GLIIHUHQW EHWZHHQ $1 DQG
%1SDWLHQWV DV FRPSDUHG WR KHDOWK\ YROXQWHHUV ,QWHUHVWLQJO\ WKH +7$
ELQGLQJ LQGH[ LQ $1 SDWLHQWV FRUUHODWHV ZLWK WKH WUDLW YDULDEOH 5HZDUG
'HSHQGHQFH
6
3HUVLVWHQW$OWHUDWLRQVRI+7$5HFHSWRU%LQGLQJDIWHU
5HFRYHU\IURP$QRUH[LD1HUYRVD
8UVXOD)%DLOHU
'HSDUWPHQWRI*HQHUDO3V\FKLDWU\0HGLFDO8QLYHUVLW\RI9LHQQD
9LHQQD$XVWULD
*XLGR.)UDQN6KDQQDQ(+HQU\-XOLH&3ULFH
&DURO\Q&0HOW]HU/LVD:HLVVIHOG&KHVWHU$0DWKLV
:D\QH&'UHYHWV$QJHOD:DJQHU:DOWHU.D\H
2EMHFWLYHV3UHYLRXVVWXGLHVKDYHVKRZQWKDWZRPHQZLWKDQRUH[LDQHUYRVD
$1 ZKHQ LOO DQG DIWHU UHFRYHU\ KDYH DOWHUDWLRQV RI VHURWRQLQ +7
QHXURQDODFWLYLW\DQGDQ[LRXVV\PSWRPV7RIXUWKHUFKDUDFWHUL]HWKH+7
V\VWHP LQ $1 ZH LQYHVWLJDWHG +7$ UHFHSWRU ELQGLQJ XVLQJ SRVLWURQ
HPLVVLRQ WRPRJUDSK\ 3(7 LPDJLQJ DQG WKH VHOHFWLYH +7$ UHFHSWRU
DQWDJRQLVW>FDUERQ\O&@:$<
0HWKRGV7RDYRLGWKHFRQIRXQGLQJHIIHFWVRIPDOQXWULWLRQZHVWXGLHG
ZRPHQZKRKDGUHFRYHUHGIURPUHVWULFWLQJW\SH$15(&5$1PHDQDJH
\HDUVDQGZRPHQZKRKDGUHFRYHUHGIURPEXOLPLDW\SH$1
5(& %$1PHDQ DJH  \HDUV ! \HDU QRUPDO ZHLJKW UHJXODU
PHQVWUXDO F\FOHV QR ELQJLQJ RU SXUJLQJ 7KHVH VXEMHFWV ZHUH FRPSDUHG
WRKHDOWK\ FRQWUROZRPHQ &:PHDQDJH\HDUV7KH7HP
SHUDPHQWDQG&KDUDFWHU,QYHQWRU\DQG WKH6SLHOEHUJHU6WDWH7UDLW$Q[LHW\
,QYHQWRU\ZHUHXVHGIRUWKHDVVHVVPHQWRIDQ[LHW\'\QDPLF3(7HPLVVLRQ
VFDQQLQJZDVSHUIRUPHGRYHUPLQIROORZLQJLQMHFWLRQRIP&L>FDUER
Q\O&@:$<05,JXLGHGUHJLRQDO+7$ELQGLQJSRWHQWLDO%3
PHDVXUHVZHUHHVWLPDWHGE\/RJDQJUDSKLFDODQDO\VLVLQIURQWDODQGOLPELF
EUDLQDUHDV
5HVXOWV $IWHU FRUUHFWLRQ IRU PXOWLSOH FRPSDULVRQV 5(& %$1 KDG VLJ
QL¿FDQWO\ S  LQFUHDVHG >FDUERQ\O&@:$<%3 LQFLQJXODWH
ODWHUDODQGPHVLDOWHPSRUDO ODWHUDODQGPHGLDORUELWDOIURQWDOSDULHWDODQG
SUHIURQWDO FRUWLFDO UHJLRQV DQG LQ WKH GRUVDO UDSKH FRPSDUHG WR FRQWURO
ZRPHQ1RVJQL¿FDQWGLIIHUHQFHVLQ%3ZHUHIRXQGIRU5(&5$1UHODWLYH
WRFRQWUROV,Q5(&5$1+7$%3ZDVSRVLWLYHO\FRUUHODWHGZLWKKDUP
DYRLGDQFHLQPHVLDOWHPSRUDODQGVXEJHQXDOFLQJXODWHUHJLRQV
&RQFOXVLRQV:H REVHUYHG LQFUHDVHG +7$ UHFHSWRU ELQGLQJ LQZRPHQ
ZKR KDG UHFRYHUHG IURP%$1 EXW QRW5$1+RZHYHU +7$ UHFHSWRU
ELQGLQJ ZDV DVVRFLDWHG ZLWK D PHDVXUH RI DQ[LHW\ LQ 5(& 5$1 7KHVH
GDWDDGG WRDJURZLQJERG\RIHYLGHQFHVKRZLQJ WKDWDOWHUHGVHURWRQHUJLF
IXQFWLRQ DQG DQ[LHW\ V\PSWRPV SHUVLVW DIWHU UHFRYHU\ IURP$1 )UDQN HW
DO %DLOHU HW DO 7KHVH SV\FKRELRORJLFDO DOWHUDWLRQVPD\ EH
WUDLWUHODWHGDQGPD\FRQWULEXWHWRWKHSDWKRJHQHVLVRI$1
5HIHUHQFHV
)UDQN *. HW DO 5HGXFHG +7$ UHFHSWRU ELQGLQJ DIWHU UHFRYHU\ IURP
DQRUH[LDQHUYRVD%LRO3V\FKLDWU\
%DLOHU 8) HW DO $OWHUHG +7$ UHFHSWRU ELQGLQJ DIWHU UHFRYHU\ IURP
EXOLPLDW\SHDQRUH[LDQHUYRVD UHODWLRQVKLSV WRKDUPDYRLGDQFHDQGGULYH
IRUWKLQQHVV1HXURSV\FKRSKDUPDFRORJ\
6
6WUHVV1HXURQDO3ODVWLFLW\DQG3V\FKLDWULF'LVHDVHV
6
6WUHVVDQG0HWDSODVWLFLW\
5HQp*DUFLD
8QLYHUVLW\RI1LFH6RSKLD$QWLSROLV)UDQFH
2EMHFWLYHV2QHRIWKHIHDWXUHVRISRVWWUDXPDWLFVWUHVVGLVRUGHU376'LV
WKHSDWKRORJLFDOUHSOD\RIWUDXPDWLFPHPRULHVIRUPHGLQUHVSRQVHWRSDLQIXO
OLIHWKUHDWHQLQJ RU KRUULI\LQJ HYHQWV %DVLF VFLHQFH VWXGLHV XVLQJ DQLPDO
PRGHOV RI 376' HJ LQGXFWLRQ RI SV\FKRORJLFDO UHSOD\ RI IHDUPHPRU\
LQ UHVSRQVH WR D WRQH SUHYLRXVO\ SDLUHG ZLWK VKRFN KDYH GHPRQVWUDWHG
WKDW H[SUHVVLRQ RI IHDUPHPRU\ LV DVVRFLDWHGZLWK ORQJWHUP SRWHQWLDWLRQ
/73LQV\QDSWLFVWUHQJWKDWDP\JGDODUV\QDSVHV5RJDQHWDODQG
ORQJWHUPGHSUHVVLRQ /7' DWPHGLDO SUHIURQWDO FRUWH[ P3)& V\QDSVHV
+HUU\DQG*DUFLD7UHDWPHQWV VXSSUHVVLQJ WKHSDWKRORJLFDO UHSOD\
RI WUDXPDWLF PHPRU\ QRUPDOO\ FRQYHUW DP\JGDODU /73 WR GHSRWHQWLDWLRQ
5RJDQHW DO +RZHYHU SUHIURQWDO/7'FDQHLWKHU UHVLVW WUHDWPHQW
RU EH FRQYHUWHG WR /73 WKH DEVHQFH RI FRQYHUVLRQ VLJQDOOLQJ D KLJK ULVN
RI UHODSVH +HUU\ DQG *DUFLD  ,Q RWKHU ZRUGV VWUHVV FDQ LQGXFH
PHWDSODVWLFFKDQJHVLQWKHP3)&WKDWEORFNGHYHORSPHQWRISUHIURQWDO/73
DQG FRQVHTXHQWO\ IDFLOLWDWH WKHSDWKRORJLFDO UHSOD\RI WUDXPDWLFPHPRU\
7RIXUWKHUDGGUHVVWKLVLVVXHZHDQDO\]HGZKHWKHULQKLELWLRQRISUHIURQWDO
PLWRJHQDFWLYDWHG SURWHLQ NLQDVH 0$3. D NH\ FRPSRQHQW RI/73 DOVR
UHVXOWVLQKLJKULVNRIUHODSVH
0HWKRGV 5DWV ZHUH ELODWHUDOO\ LPSODQWHGZLWK  JDXJH JXLGH FDQQXODH
DLPHGPPDERYH WKHP3)&LQIUDOLPELFDUHD IRU LQIXVLRQRI3'
D VHOHFWLYH LQKLELWRURI0$3.DFWLYDWLRQ2WKHU UDWVZHUH LPSODQWHGZLWK
HOHFWURGHVIRUV\QDSWLFSODVWLFLW\UHFRUGLQJ$OOUDWVZHUHVXEPLWWHGWRIHDU
FRQGLWLRQLQJWRQHVKRFNDVVRFLDWLRQIROORZHGE\H[WLQFWLRQDQGIROORZXS
WHVWVGD\VODWHU
5HVXOWV :H IRXQG WKDW SUHIURQWDO /73 GHYHORSHG DOZD\V ZLWKLQ WKH 
PLQXWHVWKDWIROORZHGWKHHQGRIWKHH[WLQFWLRQVHVVLRQ,QKLELWLRQRI0$3.
(5. ZLWKLQ WKH VDPH SRVWH[WLQFWLRQ WLPH ZLQGRZ EXW QRW  K ODWHU
PLPLFNHGVWUHVVUHODWHGPHWDSODVWLFFKDQJHVLQWKHP3)&DQGSURYRNHGIXOO
UHFRYHU\RIIHDUUHVSRQVHVGXULQJIROORZXSWHVWV
&RQFOXVLRQV 7KHVH GDWD VXJJHVW WKDW ORQJWHUP H[WLQFWLRQ RI WKH SDWKR
ORJLFDO UHSOD\ RI WUDXPDWLFPHPRU\ UHTXLUHV VXSSUHVVLRQ RI VWUHVVUHODWHG
PHWDSODVWLFLW\LQWKHP3)&YLDDFWLYDWLRQRISUHIURQWDO0$3.GXULQJHDUO\
VWDJHVRISRVWH[WLQFWLRQWUDLQLQJ
5HIHUHQFHV
+HUU\&*DUFLD53UHIURQWDOFRUWH[ORQJWHUPSRWHQWLDWLRQEXWQRW
ORQJWHUPGHSUHVVLRQ LV DVVRFLDWHGZLWK WKHPDLQWHQDQFH RI H[WLQFWLRQ RI
OHDUQHGIHDULQPLFH-1HXURVFL
5RJDQ076WDXEOL89/H'RX[ -( )HDU FRQGLWLRQLQJ LQGXFHV DV
VRFLDWLYHORQJWHUPSRWHQWLDWLRQLQWKHDP\JGDOD1DWXUH
6
)URQWDO6\QDSWLF3ODVWLFLW\6WUHVVDQG3V\FKRWURSLF'UXJV
7KHUHVH0-D\
,16(50(±3DULV)UDQFH
&\ULO5RFKHU0LFKDHO6SHGGLQJ
2EMHFWLYHV([SRVXUHWRVWUHVVLVWKRXJKWWRSUHFLSLWDWHRUH[DFHUEDWHVHYHUDO
QHXURSV\FKLDWULF GLVRUGHUV LQFOXGLQJ GHSUHVVLRQ DQG VFKL]RSKUHQLD 1HX
URLPDJLQJVWXGLHVKDYHLGHQWL¿HGLQGHSUHVVLYHDQGVFKL]RSKUHQLFSDWLHQWV
IXQFWLRQDO DQG VWUXFWXUDO DEQRUPDOLWLHV LQPXOWLSOH DUHDV RI WKH SUHIURQWDO
FRUWH[ LQ WKH KLSSRFDPSXV DQG WKH DP\JGDOD ,Q DQLPDOV HDFK RI WKHVH
EUDLQUHJLRQVLVNQRZQWREHLQÀXHQFHGE\VWUHVVEXWRQO\WKHKLSSRFDPSXV
KDVEHHQH[WHQVLYHO\VWXGLHGZLWKUHJDUGWRWKHDFWLRQRIVWUHVV:HUHFHQWO\
LQYHVWLJDWHG WKH HIIHFWV RI VWUHVV RQ V\QDSWLF SODVWLFLW\ LQ WKH SUH]IURQWDO
FRUWH[QDPHO\WKHSUHOLPELFDUHDRUWKHDSSDUHQWKRPRORJXHRIWKHSULPDWH
VXEJHQXDO SUHIURQWDO FRUWH[ LQ KXPDQV ZKHUH PRVW RI WKH KLSSRFDPSDO
WHUPLQDO¿HOGVDUHORFDOL]HG
0HWKRGV6WUHVVZDVHYRNHGE\SODFLQJUDWVRQDQHOHYDWHGSODWIRUPGXULQJ
PLQ7KHQ WKH DQLPDOVZHUH DQDHVWKHWL]HG LPPHGLDWHO\ DQG UHFRUGLQJ
DQG VWLPXODWLQJ HOHFWURGHV LPSODQWHG LQ WKH SUHIURQWDO FRUWH[ DQG YHQWUDO
KLSSRFDPSXVUHVSHFWLYHO\/RQJWHUPSRWHQWLDWLRQ/73ZDVLQGXFHGZLWKLQ
.%52/)-!').'¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
KDIWHUWKHHQGRIVWUHVVE\DSSO\LQJWHWDQLFVWLPXODWLRQLQWKHKLSSRFDPSXV
DIWHUDPLQEDVHOLQHDQGSRVWV\QDSWLFSRWHQWLDOVZHUHUHFRUGHGIRU
PLQ DIWHU WHWDQXV /73 ZDV LQGXFHG LQ QRQ VWUHVVHG UDWV LQ VWUHVVHG UDWV
WUHDWHGZLWKHLWKHUWLDQHSWLQHÀXR[HWLQHRUFOR]DSLQHDQGLQVDOLQH:HDOVR
DGGUHVVHGWKHUROHRIJOXFRFRUWLFRLGVLQWKHLQGXFWLRQRIORQJWHUPHIIHFWVRI
DQDFXWHH[SRVXUHWRVWUHVV
5HVXOWV/73ZDVDOPRVWDEROLVKHGE\VWUHVVGXULQJWKHPLQSRVWWHWDQXV
DQGWKHQFRPSOHWHO\EORFNHGXQWLOWKHHQGRIWKHUHFRUGLQJZKHQFRPSDUHG
WR FRQWUROV 7KHVH HIIHFWV ZHUH UHYHUVHG E\ WKH JOXFRFRUWLFRLG UHFHSWRU
DQWDJRQLVW58$FXWHDGPLQLVWUDWLRQRIWLDQHSWLQHDIWHUVWUHVVSULRU
WRLQGXFWLRQRI/73SUHYHQWHGWKHHIIHFWVRIVWUHVV7LDQHSWLQHDQGÀXR[HW
LQHKDGDVLJQL¿FDQWHIIHFWRQWKHHDUO\VWDJHVRI/73EXWWLDQHSWLQHKDGD
ORQJHUODVWLQJHIIHFWLQSUHYHQWLQJWKHHIIHFWVRIVWUHVVRQ/73WKDQÀXR[HW
LQH&OR]DSLQHDGPLQLVWHUHGDIWHUVWUHVVUDSLGO\UHYHUVHGWKHVWUHVVLQGXFHG
LPSDLUPHQWRI/73DWDORZGRVHZKLFKGLGQRWDIIHFW/73DORQH
&RQFOXVLRQV ([SRVXUH WR DQ DFXWH VWUHVV FDXVHV D UHPDUNDEOH DQG ORQJ
ODVWLQJ LQKLELWLRQ RI /73 LQ WKH IURQWDO FRUWH[ HYRNHG E\ VWLPXODWLRQ RI
KLSSRFDPSDORXWÀRZDQGWKLVLPSDLUPHQWLVSUHYHQWHGE\WKHJOXFRFRUWLFRLG
UHFHSWRUDQWDJRQLVW587KXV WKHIURQWDOFRUWH[LVDOVRD WDUJHWIRU
JOXFRFRUWLFRLGVLQYROYHGLQWKHVWUHVVUHVSRQVH$QWLGHSUHVVDQWVDQGFOR]DS
LQHDUHDEOHWRUHYHUVHWKHGHOHWHULRXVHIIHFWVRIVWUHVVRQSUHIURQWDOV\QDSWLF
SODVWLFLW\E\UHVWRULQJWKHIXQFWLRQDOEDODQFHDWWKHKLSSRFDPSDOSUHIURQWDO
V\QDSVHV7RJHWKHUWKHVHUHVXOWVUHLQIRUFHWKHSHUWLQHQFHRIRXULQYLYRVWUHVV
PRGHOLQUDWVWRVWXG\WKHLPSDFWRIVWUHVVRQWKHKLSSRFDPSDOIURQWDOFLUFXLW
DNH\WDUJHWLQSV\FKLDWULFGLVHDVHV
6
+LSSRFDPSDO1HXURSODVWLFLW\LQD&KURQLF6WUHVV0RGHOIRU
'HSUHVVLRQ
%ROGL]ViU&]pK
*HUPDQ3ULPDWH&HQWHU*HUPDQ\
(EHUKDUG)XFKV
2EMHFWLYHV'HVSLWHGHFDGHVRIUHVHDUFKRQSV\FKLDWULFGLVRUGHUVWKHDHWLRO
RJ\ DQG SUHFLVH ELRORJLFDO PHFKDQLVPV WKDW XQGHUOLH GHSUHVVLYH GLVHDVHV
DUH VWLOO SRRUO\ XQGHUVWRRG 7KHUH LV LQFUHDVLQJ HYLGHQFH WKDW SV\FKLDWULF
GLVRUGHUVQRWRQO\KDYHDQHXURFKHPLFDOEDVLVEXWDUHDOVRDVVRFLDWHGZLWK
PRUSKRORJLFDO DOWHUDWLRQV LQ FHQWUDO QHUYRXV QHXURQDO DQGRU JOLDO FHOOV
6WUXFWXUDOQHXURLPDJLQJDQGSRVWPRUWHPKLVWRSDWKRORJLFDO VWXGLHVRI WKH
EUDLQKDYH UHYHDOHGPRUSKRORJLFDO FKDQJHV LQFRUWLFDO DQG VXEFRUWLFDO UH
JLRQVLQLQGLYLGXDOVGLDJQRVHGZLWKGHSUHVVLRQ$QWLGHSUHVVDQWVPD\DFWE\
UHVWRULQJVWUXFWXUHDVZHOODVIXQFWLRQRIQHXUDOQHWZRUNVPHDQLQJWKDWWKH\
PD\DVDIXQGDPHQWDOSULQFLSOHDIIHFWQHXUDOSODVWLFLW\XQGHUO\LQJQRUPDO
EUDLQIXQFWLRQLQJ
0HWKRGV6LQFHVWUHVVIXOOLIHHYHQWVDUHRQHRIWKHPDMRUSUHGLVSRVLWLRQVIRU
GHYHORSLQJGHSUHVVLRQZHLQYHVWLJDWHGVWUXFWXUDOFKDQJHVLQWKHKLSSRFDP
SXVRIWUHHVKUHZVH[SRVHGWRFKURQLFSV\FKRVRFLDOVWUHVV)XUWKHUPRUHZH
DGGUHVVHG ZKHWKHU DQWLGHSUHVVDQW WUHDWPHQW FDQ UHYHUVH WKH VWUHVVUHODWHG
VWUXFWXUDOFKDQJHV
5HVXOWV 8VLQJ WKLV DQLPDOPRGHO RI GHSUHVVLRQ VRPH RI WKH ODUJHVFDOH
DQDWRPLFDO FKDQJHV ZHUH DOVR REVHUYHG LQ WKH WUHH VKUHZ EUDLQ$IWHU 
PRQWKRIVWUHVVZHREVHUYHGDVXEVWDQWLDOGHFUHDVHRIGHQWDWHF\WRJHQHVLV
DQGDPLQRU UHGXFWLRQRIKLSSRFDPSDOYROXPH(YHQ WKRXJK ORQJODVWLQJ
VWUHVVGRHVQRW OHDG WRD ORVVRISULQFLSDOKLSSRFDPSDOFHOOVZHREVHUYHG
DUHJLRQDOVSHFL¿FFKDQJHLQWKHLQFLGHQFHRIDSRSWRWLFFHOOV1RWDEO\ZH
FRXOGGHPRQVWUDWHWKDWPDQ\RIWKHVWUHVVLQGXFHGHIIHFWVRQVWUXFWXUDOSODV
WLFLW\FRXOGEHFRXQWHUDFWHGE\WUHDWPHQWZLWKGLIIHUHQWDQWLGHSUHVVDQWVVXFK
DVÀXR[HWLQHFORPLSUDPLQHWLDQHSWLQHDQGWZR1.UHFHSWRUDQWDJRQLVWV
FRPSRXQGVZLWKSRWHQWLDODQWLGHSUHVVDQWHI¿FDF\
&RQFOXVLRQV7KHVHGDWDSURYLGHH[SHULPHQWDOHYLGHQFHIRUUHFHQWFRQFHSWV
RISKDUPDFRORJLFDOPRGL¿FDWLRQRIQHXURQDOYLDELOLW\DQGQHXURQDOUHPRG
HOLQJLQWKHWUHDWPHQWRIPRRGGLVRUGHUV$OWKRXJKWKHVHFRQFHSWVDUHVWLOO
LQWKHLULQIDQF\WKH\KDYHLQFUHDVLQJO\DWWUDFWHGUHVHDUFKHIIRUWVZKLFKPD\
UHVXOW LQ QHZ WUHDWPHQW VWUDWHJLHV RI QHXUDO UHVLOLHQFH UHVSRQVLEOH IRU WKH
HWLRSDWKRSK\VLRORJ\RISV\FKLDWULFGLVRUGHUVVXFKDVPDMRUGHSUHVVLRQ
6
0HWDEROLFDQG0RUSKRPHWULF$EQRUPDOLWLHVLQ'HSUHVVLRQ

:D\QH'UHYHWV
1,+1,0+6HFWLRQRQ1HXURLPDJLQJRI0RRGDQG$Q[LHW\
'LVRUGHUV86$
2EMHFWLYHV ,PDJLQJ VWXGLHV RIPDMRU GHSUHVVLYH GLVRUGHU 0'' LGHQWL
¿HGDEQRUPDOLWLHVRIEUDLQVWUXFWXUHLQRUELWDODQGPHGLDOSUHIURQWDOFRUWH[
3)&PHVLRWHPSRUDOFRUWH[DQGEDVDOJDQJOLDUHJLRQV WKDWSDUWLFLSDWH LQ
WKHPRGXODWLRQRIHPRWLRQDOEHKDYLRU7KHVHDEQRUPDOLWLHV LQFOXGHUHGXF
WLRQVRIJUH\PDWWHUYROXPHWKDWSHUVLVWDFURVVLOOQHVVHSLVRGHVDQGLQVRPH
FDVHVFRUUHODWHZLWKWLPHVSHQWXQPHGLFDWHGDQGGHSUHVVHG,QSRVWPRUWHP
VWXGLHVWKHKLVWRSDWKRORJLFDOFRUUHODWHVRIWKHVHYROXPHUHGXFWLRQVLQFOXGH
ORVVRIV\QDSWLFFRQWDFWVLQFUHDVHGQHXURQDOGHQVLW\DQGUHGXFWLRQVLQJOLDO
FHOOV PDUNHUV HVSHFLDOO\ ROLJRGHQGURJOLD 7KHVH ¿QGLQJV UHVHPEOH WKH
QHXURSODVWLFFKDQJHVSURGXFHGLQKRPRORJRXVVWUXFWXUHVRIURGHQWVGXULQJ
UHSHDWHG VWUHVV YLD D SURFHVV GHSHQGHQW RQ LQWHUDFWLRQV EHWZHHQ JOXFR
FRUWLFRLG VHFUHWLRQ DQG10'$ UHFHSWRU VWLPXODWLRQ7KH0''VXEW\SHV
PDQLIHVWLQJEUDLQ VWUXFWXUDO DEQRUPDOLWLHV DOVRKDYH LQFUHDVHGFRUWLVRO VH
FUHWLRQDQGHYLGHQFHIRUH[FHVVLYHJOXWDPDWHUJLFWUDQVPLVVLRQSRVWPRUWHP
VXJJHVWLQJWKHLUVWUXFWXUDODEQRUPDOLWLHVPD\EHUHODWHGWRH[FLWDWRU\QHXUR
WUDQVPLVVLRQ7KHJOXFRVHPHWDEROLFVLJQDOPHDVXUHGE\3(7LVGRPLQDWHG
E\JOXWDPDWHUJLFWUDQVPLVVLRQVRPHWDEROLVPZDVDVVHVVHGLQ0''
0HWKRGV 5HJLRQDO JOXFRVH PHWDEROLVP PHDVXUHG XVLQJ 3(7 DQG >)
@)'*ZDVFRPSDUHGEHWZHHQ0''DQGKHDOWK\FRQWUROVDPSOHVEHWZHHQ
XQPHGLFDWHGGHSUHVVHGDQGXQPHGLFDWHGUHPLWWHGSKDVHVRI0''DQGEH
WZHHQ XQPHGLFDWHGGHSUHVVHG DQG DQWLGHSUHVVDQWPHGLFDWHG GHVLSUDPLQH
RU665,SKDVHVRI0''5HJLRQDOJUH\PDWWHUYROXPHVZHUHDVVHVVHGLQ
WKHVDPHVDPSOHVXVLQJ05,
5HVXOWV 0HWDEROLVP ZDV HOHYDWHG LQ GHSUHVVHG VXEMHFWV UHODWLYH ERWK WR
FRQWUROVDQGWRWKHPVHOYHVGXULQJWKHUHPLWWHGDQGWUHDWHGVWDWHVLQUHJLRQV
ZKHUHJUH\PDWWHUORVVH[LVWLQ0''
&RQFOXVLRQV7KHVH GDWD VXSSRUW RWKHU HYLGHQFH WKDW JOXWDPDWHUJLF WUDQV
PLVVLRQ LV HOHYDWHG LQ OLPELFFRUWLFDO FLUFXLWV GXULQJ GHSUHVVLRQ 7KH FR
RFFXUUHQFHRI WKLV¿QGLQJ DQG FRULVRO K\SHUVHFUHWLRQ LQ WKHVH GHSUHVVLYHV
VXJJHVWV WKDW WKHJUH\PDWWHUYROXPHWULF UHGXFWLRQVPD\SDUWO\ UHÀHFW WKH
GHQGULWLFDWURSK\LQGXFHGE\UHSHDWHGVWUHVVLQURGHQWV0HWDEROLVPUHWXUQHG
WRQRUPDWLYHOHYHOVGXULQJFKURQLFDQWLGHSUHVVDQWGUXJWUHDWPHQWFRPSDW
LEOH ZLWK ¿QGLQJV WKDW LQ URGHQWV FKURQLF DGPLQLVWUDWLRQ RI WKHVH DJHQWV
GHVHQVLWL]HV10'$UHFHSWRUVDQGDWWHQXDWHVJOXWDPDWHWUDQVPLVVLRQ
5HIHUHQFHV
'UHYHWV:&1HXURSODVWLFLW\LQPRRGGLVRUGHUV'LDORJXHVLQ&OLQLFDO1HX
URVFLHQFH
6
7KH&RQWULEXWLRQRI%UDLQ,PDJLQJWR*HQHWLFV
6
7RZDUGVWKH,GHQWLILFDWLRQRI*HQHWLF9DULDQWVZKLFK,QIOXHQFH
&RJQLWLYH3KHQRW\SHV
'DQ5XMHVFX
0ROHFXODUDQG&OLQLFDO1HXURELRORJ\'HSDUWPHQWRI3V\FKLDWU\
/XGZLJ0D[LPLOLDQV8QLYHUVLW\0XQLFK*HUPDQ\
,*LHJOLQJ
1HXURSV\FKRORJLFDO HQGRSKHQRW\SHV UHSUHVHQW VLPSOHU SKHQRW\SHV WKDQ
SV\FKLDWULF GLDJQRVHV ZKLFK FDQ UHVXOW LQPRUH VWUDLJKWIRUZDUG DQG VXF
FHVVIXO JHQH GLVFRYHU\7KHVH FRPSULVH DPRQJ RWKHUVZRUNLQJPHPRU\
DWWHQWLRQYLJLODQFH YHUEDO OHDUQLQJ DQG PHPRU\ YLVXDO OHDUQLQJ DQG
PHPRU\ VSHHG RI SURFHVVLQJ UHDVRQLQJ DQG SUREOHP VROYLQJ 7KH SUHV
HQFHRIJHQHWLFLQÀXHQFHVRQFRJQLWLYHHQGRSKHQRW\SHVLVZHOOHVWDEOLVKHG
7KHQH[WVWHSLVWRLGHQWLI\VSHFL¿FJHQHVWKDWLQÀXHQFHFRJQLWLYHDELOLWLHV
:HSHUIRUPHGFRJQLWLYHDVVHVVPHQWLQRYHUKHDOWK\VXEMHFWVVFKL]R
SKUHQLFSDWLHQWVDQG WKHLU¿UVWGHJUHHUHODWLYHV:HSUHVHQWKHUHRZQGDWD
RQWKHLQÀXHQFHRIFRPPRQJHQHWLFYDULDWLRQVRQLQGLYLGXDOGLIIHUHQFHVRI
FRJQLWLYHDELOLWLHVDQGGLVFXVVWKH¿QGLQJVLQWKHFRQWH[WRIVFKL]RSKUHQLD
DQGFRJQLWLYHSHUIRUPDQFH
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6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7KH*HQHWLFVRI3V\FKRVLVLVWKH(SLJHQHWLFVRI&HUHEUDO
$V\PPHWU\
7LPRWK\-&URZ
6$1(32:,&8QLYHUVLW\RI2[IRUG8.
2EMHFWLYHV7RUHYLHZWKHFXUUHQWVWDWXVRIWKHJHQHWLFVRISV\FKRVLVDQGWR
UHODWHLWWRZKDWLVQRZNQRZQDERXWWKHVWUXFWXUDOEUDLQFKDQJHV
0HWKRGV&RPSDULVRQVKDYHEHHQFDUULHGRXWRIWKHWZRPHWDDQDO\VHVRI
OLQNDJH VWXGLHV RI VFKL]RSKUHQLD DQGPDQLFGHSUHVVLYH LOOQHVV DQG RI WKH
WZRODUJHVWVWXGLHVHDFKZLWKRYHUVLESDLUVVRIDUSXEOLVKHG7KHHSL
GHPLRORJLFDOHYLGHQFHIRUXQLIRUPLW\RILQFLGHQFHLQFOXGLQJWKHVH[GLIIHU
HQFHLQDJHRIRQVHWDFURVVSRSXODWLRQVDQGIRUHQYLURQPHQWDOSUHFLSLWDQWV
KDVEHHQFRQVLGHUHG7KHOLWHUDWXUHSRVWPRUWHPDQGLPDJLQJRQVWUXFWXUDO
FKDQJHLQWKHEUDLQKDVEHHQUHYLHZHG$WKHRU\RIWKHJHQHWLFVRIFHUHEUDO
DV\PPHWU\KDVEHHQIRUPXODWHG
5HVXOWV7KHUH LV YHU\ OLWWOH DJUHHPHQWEHWZHHQ WKH WZRPHWDDQDO\VHVRI
OLQNDJHHYHQWKRXJKWKH\LQFOXGHPDQ\RIWKHVDPHVWXGLHV7KHWZRODUJHVW
OLQNDJHVWXGLHVGRQRWDJUHHRQDVLQJOHORFXVDQGQHLWKHUVXSSRUWVOLQNDJH
WR WKHÄFDQGLGDWH³JHQHVFXUUHQWO\SURPRWHGRQ WKHEDVLVRIRWKHU OLQNDJH
VWXGLHV2Q WKHRWKHU KDQG WKH VWUXFWXUDO VWXGLHV VXJJHVW WKHSDWKRJHQHVLV
RISV\FKRVLVLVUDWKHUXQLIRUPDQGLVDVVRFLDWHGZLWKFKDQJHVDWWKHOHYHORI
WKHFHUHEUDOFRUWH[DQGWKDWWKHVHDUHEHVWGHVFULEHGDVDQRPDOLHVRIDV\P
PHWU\1RHQYLURQPHQWDOSUHFLSLWDQWVKDYHEHHQLGHQWL¿HG1RWZLWKVWDQGLQJ
WKHIDLOXUHRIOLQNDJHVWXGLHVWKHHWLRORJ\RISV\FKRVLVPXVWEHFRQVLGHUHG
JHQHWLFRUHSLJHQHWLF7KHUHLVDVWURQJFDVHWKDWDJHQHWLFGHWHUPLQDQWLVLQD
UHJLRQRI;<KRPRORJ\DQGWKHOHDGLQJFDQGLGDWHLVWKH3URWRFDGKHULQ;<
JHQHSDLULQWKHVDSLHQVVSHFL¿F;T<SUHJLRQ7KLVJHQHSDLULVLQDQ
XQXVXDOVLWXDWLRQZLWKUHVSHFW WR LWVHSLJHQHWLFFRQWURO$WWHPSWV WRDVVHVV
WKHYDULDWLRQDVVRFLDWHGZLWK WKLV DQGRWKHU VDSLHQVVSHFL¿F;<KRPROR
JRXVJHQHVDUHLQSURJUHVV
&RQFOXVLRQVWKHDHWLRORJ\RISV\FKRVLVLVUHODWHGWRWKRVHJHQHWLFFKDQJHV
WKDWKDYHGLVWLQJXLVKHG+RPRVDSLHQVDVDVSHFLHVIURPRXUFORVHVWSULPDWH
UHODWLYHVWKHFKLPSDQ]HHDQGERQRERDQGKDYHFRQIHUUHGRQWKLVVSHFLHVWKH
FDSDFLW\IRUODQJXDJH7KHFKDQJHVDUHDVVRFLDWHGZLWKWKHLQQRYDWLRQRIWKH
FHUHEUDOWRUTXHDQGPD\EHWKHRXWFRPHRIUHDUUDQJHPHQWVDQGWKHLUDVVRFL
DWHGHSLJHQHWLFPRGL¿FDWLRQVRQWKHVH[FKURPRVRPHV
5HIHUHQFHV
&URZ7-7KHJHQHWLFVRISV\FKRVLVLVWKHJHQHWLFVRIWKHVSHFLDWLRQ
RI+RPRVDSLHQV3S LQ*DWWD]:)	+DHIQHU+6HDUFK IRU WKH
&DXVHVRI6FKL]RSKUHQLDYRO'DUPVWDGW6SULQJHU
&URZ7-:KDW0DULDQ$QQHWWFDQWHDFK1RDP&KRPVN\DQGFRXOG
KDYHWDXJKW6WHSKHQ-D\*RXOGLIKHµGKDGWLPHWROLVWHQ&RUWH[

*LRX]HOL 0 :LOOLDPV 1$ /RQLH / HW DO  3URWRFDGKHULQ;< D
FDQGLGDWH JHQH SDLU IRU VFKL]RSKUHQLD DQG VFKL]RDIIHFWLYH GLVRUGHU D
'+3/&LQYHVWLJDWLRQRIJHQRPLFVHTXHQFH$PHU-0HG*HQHW1HXURSV\FK
*HQ%
6
+RZ,GHQWLFDODUH0RQR]\JRWLF7ZLQV"$QI05,6WXG\RQ
/DQJDXDJH$FWLYDWLRQ
,ULV6RPPHU
1HWKHUODQGV
$Q XQH[SHFWHGO\ KLJK SHUFHQWDJH RI PRQR]\JRWLF WZLQ SDLUV LV GLVFRUG
DQW IRU KDQGHGQHVV 6RPH RI WKHVH WZLQV VKRZPLUURULPDJLQJ RI VHYHUDO
HFWRGHUPDOO\ GHULYHG IHDWXUHV VXFK DV WHHWK DQG KDLU ZKRUOV 7KHVH IHD
WXUHV RI GLVFRUGDQW OHIWULJKW DV\PPHWU\PD\ EH FDXVHG E\ UHODWLYHO\ ODWH
PRQR]\JRWLFWZLQQLQJDWDWLPHZKHQWKHRULJLQDOHPEU\RKDGDOUHDG\ORVW
LWVELODWHUDOV\PPHWU\/DQJXDJHODWHUDOL]DWLRQLVUHODWHGWRKDQGHGQHVVDQG
PD\WKHUHIRUHDOVREHDOWHUHGLQVRPHPRQR]\JRWLFWZLQV
:LWKIXQFWLRQDO05,ODQJXDJHODWHUDOL]DWLRQZDVPHDVXUHGLQPRQR]\
JRWLFWZLQSDLUVZKRZHUHFRQFRUGDQWIRUKDQGHGQHVVDQGLQPRQR]\JRWLF
WZLQSDLUVGLVFRUGDQWIRUKDQGHGQHVV/DWHUDOL]DWLRQLQGLFHVZHUHFDOFXODWHG
IURPLQGLYLGXDO ODQJXDJHDFWLYDWLRQSDWWHUQV&RUUHODWLRQVZHUHFDOFXODWHG
WR WHVW LQWUDSDLU UHVHPEODQFH IRU ODQJXDJH ODWHUDOL]DWLRQ 7KH LQWUDSDLU
FRUUHODWLRQ IRU ODQJXDJH ODWHUDOL]DWLRQ ZDV VLJQL¿FDQW LQ WKH KDQGHGQHVV
FRQFRUGDQWJURXSEXWQRWLQWKHKDQGHGQHVVGLVFRUGDQWJURXS,QWKHKDQG
HGQHVVGLVFRUGDQWJURXS¿YH WZLQSDLUVZHUHDOVRGLVFRUGDQW IRU FHUHEUDO
GRPLQDQFH7KHRWKHUWZLQSDLUVRIGLVFRUGDQWKDQGHGQHVVH[KLELWHGUHPDUN
DEOHVLPLODULW\LQODQJXDJHODWHUDOL]DWLRQPXFKOLNHWKHKDQGHGQHVVFRQFRUG
DQWWZLQSDLUV7KHKLJKLQWUDSDLUFRUUHODWLRQIRUODQJXDJHODWHUDOL]DWLRQLQ
WKHKDQGHGQHVVFRQFRUGDQWWZLQSDLUVVXJJHVWVDJHQHWLFEDVLVIRUODQJXDJH
ODWHUDOL]DWLRQ+RZHYHU LQPRQR]\JRWLF WZLQ SDLUV RI GLVFRUGDQW KDQGHG
QHVV GLVFRUGDQFH IRU ODQJXDJH GRPLQDQFH RFFXUV LQ D VLJQL¿FDQW QXPEHU
RI WZLQV 'LVFRUGDQW ODQJXDJH GRPLQDQFHPD\ EH FDXVHG E\ D UHODWLYHO\
ODWHWLPHRIVSOLWWLQJRIWKHRULJLQDOHPEU\RZKLFKGLVUXSWVWKHJHQHWLFDOO\
GHWHUPLQHGGHYHORSPHQWRIOHIWULJKWDV\PPHWU\
6
,V$EQRUPDO&HUHEUDO6SHFLDOL]DWLRQD7UDLW0DUNHURI
6FKL]RSKUHQLD"
6RQLD'ROOIXV
805&156&($8QLYHUVLWpV&DHQ	3DULV&DHQ
)UDQFH&HQWUH+RVSLWDOLHUHW8QLYHUVLWDLUH&DHQ)UDQFH,50
&+8&DHQ,QVWLWXW8QLYHUVLWDLUHGH)UDQFH)UDQFH
$QQLFN5D]D¿PDQGLPE\3DVFDO'HODPLOOLHXUH3HUULQH%UD]R
*X\3HUFKH\/DXUHQW/HFDUGHXU%HUQDUG0D]R\HU
1DWKDOLH7]RXULR0D]R\HU
2EMHFWLYHV 6XSSRUWLQJ&URZ¶V K\SRWKHVLVZH UHFHQWO\ GHPRQVWUDWHG WKH
H[LVWHQFHRIDUHGXFHGOHIWZDUGDV\PPHWU\GXULQJODQJXDJHFRPSUHKHQVLRQ
LQVFKL]RSKUHQLFVXEMHFWV7KLVUHVXOWUDLVHVWKHLVVXHRIZKHWKHURUQRWWKLV
DQRPDO\LVOLQNHGWRWKHVHYHULW\RISV\FKRVLVZKLFKYDULHVZLWKWKHFRXUVH
RI LOOQHVV2XUK\SRWKHVLV LV WKDW WKLVDQRPDO\ LVD WUDLWPDUNHURIVFKL]R
SKUHQLD LQKHUHQWRI LOOQHVV LQGHSHQGHQWRI WKHFRXUVHDQGRI WKH VHYHULW\
RIV\PSWRPV,QRUGHUWRWHVWWKLVK\SRWKHVLVZHFRQGXFWHGDORQJLWXGLQDO
I05,VWXG\LQYHVWLJDWLQJWKHVWDELOLW\RIWKLVUHGXFHGOHIWZDUGVSHFLDOL]DWLRQ
IRUODQJXDJHLQVFKL]RSKUHQLFSDWLHQWV
0HWKRGVULJKWKDQGHGVXEMHFWV SDWLHQWV '60,9DQGFRQWUROV
PDWFKHGIRUVH[DJHDQGOHYHORIHGXFDWLRQZHUHHYDOXDWHGWZLFHDWEDVHOLQH
DQGDIWHUPRQWKVRQDYHUDJH'XULQJHDFKI05,VHVVLRQVXEMHFWVZHUH
LQVWUXFWHG WR OLVWHQ WRVWRULHV LQ)UHQFKDQG7DPLODOWHUQDWHG+HPLVSKHULF
VSHFLDOL]DWLRQZDVGHWHUPLQHGLQHDFKVXEMHFWXVLQJIXQFWLRQDODV\PPHWU\
LQGLFHV )$,V ULJKW PLQXV OHIW %2/' VLJQDO YDULDWLRQV LQ D UHJLRQ RI
LQWHUHVW DV GH¿QHGSUHYLRXVO\ 'ROOIXV :H FRPSDUHG SDWLHQWVZLWK
WKHLUSDLUHGFRQWUROVXVLQJ)$,VPHDVXUHG LQHDFKI05,VHVVLRQUHSHDWHG
PHDVXUH$129$PL[HGPRGHOZLWKIDFWRUV*URXSDQG6HVVLRQ6WDELO
LW\RIIXQFWLRQDODV\PPHWU\RYHUWLPHZDVWHVWHGXVLQJDVLPSOHUHJUHVVLRQ
DQDO\VLVRIWKHSDWLHQWVPLQXVFRQWUROV)$,VEHWZHHQWKHWZRI05,VHVVLRQV
,QSDWLHQWVZHFDOFXODWHGPXOWLSOHUHJUHVVLRQVEHWZHHQ)$,VDQGVHYHULW\RI
SV\FKRWLFV\PSWRPVHYDOXDWHGZLWK3$166DQGFRJQLWLYHSHUIRUPDQFHV
YHUEDO,4SHUIRUPDQFHVFRUHVIRUHDFKVHVVLRQ
5HVXOWV7KHUHZDVDVLJQL¿FDQWPDLQ*URXSHIIHFWGXH WR ORZHU OHIWZDUG
DV\PPHWU\ LQ SDWLHQWV WKDQ LQ FRQWUROV S 7KHUH ZDV D VLJQL¿FDQW
FRUUHODWLRQEHWZHHQ WKH¿UVWDQGVHFRQGYDOXHVRI WKHGLIIHUHQFHVRI)$,V
EHWZHHQSDWLHQWVDQGWKHLUFRQWUROV5 S1RFRUUHODWLRQZDV
REVHUYHGLQWKHSDWLHQWJURXSEHWZHHQ)$,VDQG3$166VFRUHVRUFRJQLWLYH
SHUIRUPDQFHVLQDQ\VHVVLRQ
&RQFOXVLRQV 7KHVH UHVXOWV GHPRQVWUDWH WKDW WKH DW\SLFDO KHPLVSKHULF
VSHFLDOL]DWLRQIRUODQJXDJHZHREVHUYHGFDQEHFRQVLGHUHGDVDWUDLWPDUNHU
RI WKH LOOQHVV$VDPDWWHURI IDFW LWZDV VWDEOHZLWK WKHFRXUVHRI LOOQHVV
LQGHSHQGHQW RI FRJQLWLYH SHUIRUPDQFHV DQG RI WKH VHYHULW\ RI SV\FKRWLF
V\PSWRPV
5HIHUHQFHV
&URZ 7-  6FKL]RSKUHQLD DV IDLOXUH RI KHPLVSKHULF GRPLQDQFH IRU
ODQJXDJH7,16
'ROOIXV6HWDO$W\SLFDOKHPLVSKHULFVSHFLDOL]DWLRQIRUODQJXDJHLQ
ULJKWKDQGHGVFKL]RSKUHQLFSDWLHQWV%LRO3V\FKLDWU\,QSUHVV
.%52/)-!').'¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
&RPELQLQJ1HXURLPDJLQJ1HXURSV\FKRORJ\DQG*HQHWLFVLQ
6FKL]RSKUHQLD
)ORUHQFH7KLEDXW
8QLYHUVLW\+RVSLWDO&K1LFROOH,16(5088QLYHUVLW\RI
0HGLFLQH5RXHQ)UDQFH
7ZLQDQGDGRSWLRQVWXGLHVDVZHOODVIDPLOLDOFOXVWHULQJKDYHVXSSRUWHGD
JHQHWLFHWLRORJ\IRUVFKL]RSKUHQLD7KHSRVVLEOHLQYROYHPHQWRIQXPHURXV
LQWHUDFWLYHJHQHVWKDWKDYHPLQRUHIIHFWVWKHSXWDWLYHUROHRIHQYLURQPHQWDO
LQÀXHQFHVDQGWKHODFNRISUHFLVHSKHQRW\SHGH¿QLWLRQKDYHPDGHJHQHWLF
VWXGLHVTXLWHXQSURGXFWLYH
2EMHFWLYHVDQG0HWKRGV7KHFRPELQDWLRQRI LPDJLQJQHXURSV\FKRORJ\
DQG JHQHWLFV PD\ FRQWULEXWH WR WKH LGHQWL¿FDWLRQ RI HQGRSKHQRW\SHV WKDW
PD\KHOSLQLGHQWLI\LQJVXVFHSWLELOLW\JHQHVIRUVFKL]RSKUHQLD,WKDVEHHQ
K\SRWKHVL]HGWKDWVFKL]RSKUHQLDLVUHODWHGWRG\VIXQFWLRQLQWHPSRUROLPELF
SUHIURQWDOQHXURQDOQHWZRUNV
5HVXOWV 1HXURLPDJLQJ VWXGLHV KDYH UHSRUWHG DEQRUPDO KLSSRFDPSDO
VWUXFWXUH DQG LQHI¿FLHQW SUHIURQWDO DFWLYLW\ LQ VFKL]RSKUHQLF SDWLHQWV DQG
WKHLUQRQVFKL]RSKUHQLFUHODWLYHV(YLGHQFHIRUDVPDOOUROHRIWKHFDWHFKRO
2PHWK\OWUDQVIHUDVHJHQHORFDWHGRQFKURPRVRPHTZLOOEHGLVFXVVHGLQ
UHODWLRQ WR VFKL]RSKUHQLD DQG ZRUNLQJ PHPRU\ G\VIXQFWLRQ 7KH UROH RI
JHQHWLFYDULDWLRQVRIWKH352'+JHQHLQVFKL]RSKUHQLDDQGVFKL]RDIIHFWLYH
GLVRUGHUV LQ UHODWLRQ WR WKH SRWHQWLDO WR[LFLW\ RI SUROLQH RQ KLSSRFDPSDO
QHXURQVZLOOEHDQDO\]HG
&RQFOXVLRQV1HXURLPDJLQJWHFKQLTXHVFDQKHOSWRHOXFLGDWHWKHLQÀXHQFH
RIJHQHVRQEUDLQIXQFWLRQ
5HIHUHQFHV
352'+PXWDWLRQVDQGK\SHUSUROLQHPLDLQDVXEVHWRIVFKL]RSKUHQLFSDWLHQWV
+XP0RO*HQHWLFV+-DFTXHW*5DX[)7KLEDXWHWDO
&207YDOPHWJHQRW\SHDQGLQGLYLGXDOYDULDWLRQLQWKHEUDLQUHVSRQVH
WR DPSKHWDPLQH 31$6  960DWWD\7(*ROGEHUJ )
)HUDHWDO
.%52/)-!').'¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
'HYHORSPHQWRI1HZ0RRG6WDELOL]HUVZLWK/RZ7HUDWRJQLF
3RWHQWLDO
6
7UHDWPHQW2SWLRQVIRU%LSRODU:RPHQLQWKH5HSURGXFWLYH
<HDUV
0HLU6WHLQHU
0F0DVWHU8QLYHUVLW\&DQDGD
7KHREMHFWLYHRIWKLVSUHVHQWDWLRQLVWRUHYLHZVRPHRIWKHFULWLFDOZRPHQ
VSHFL¿F DVSHFWV RI ELSRODU GLVRUGHUV DQG WKHLU UHOHYDQFHLPSOLFDWLRQV IRU
WUHDWPHQW
'HVSLWHWKHIDFWWKDWWKHUHVHHPVWREHQRVH[GLIIHUHQFHLQWKHSUHYDOHQFHRI
ELSRODUGLVRUGHUVZRPHQDUHPRUHOLNHO\WRGHYHORSWKHPRUHVHYHUHIRUPV
RIUDSLGF\FOLQJDQGPL[HGPDQLDWRHQFRXQWHUQHXURHQGRFULQHVLGHHIIHFWV
ZKHQWUHDWHGZLWKPRRGVWDELOL]HUVDQGWRH[SHULHQFHPRUHPRRGVZLWFKHV
HVSHFLDOO\ZKHQWUHDWHGZLWKDQWLGHSUHVVDQWV
6HYHUDOFRPRUELGFRQGLWLRQVVXFKDVWK\URLGGLVRUGHUVPLJUDLQHKHDGDFKHV
SDLQGLVRUGHUVVXEVWDQFHDEXVHDQGGHSHQGHQFHDUHDOVRPRUHSUHYDOHQWLQ
ELSRODUZRPHQ
7KH UROH RI UHSURGXFWLYHPLOHVWRQHV LQ WKH FRXUVH RI ELSRODU GLVRUGHUV LQ
ZRPHQLVDV\HWSRRUO\XQGHUVWRRGEXWLVRIPDMRUVLJQL¿FDQFHLQPDQDJH
PHQW DQG WUHDWPHQW RI WKLV SRSXODWLRQ$V ZHOO WKH FOLQLFDO SUHVHQWDWLRQ
PD\ ÀXFWXDWH GXULQJ WKH GLIIHUHQW SKDVHV RI WKH PHQVWUXDO F\FOH GXULQJ
WKHGLIIHUHQWVWDJHVRISUHJQDQF\SRVWSDUWXPDQGGXULQJWKHWUDQVLWLRQLQWR
PHQRSDXVHDQGEH\RQG
2IPDMRUFRQFHUQDUH WUHDWPHQWRSWLRQV IRUSUHJQDQWDQG ODFWDWLQJELSRODU
ZRPHQ 8S WR GDWH DYDLODEOH VWUDWHJLHV DQG UHFRPPHQGDWLRQV IRU WUHDW
PHQWRIELSRODUZRPHQGXULQJSUHJQDQF\DQGZKLOHEUHDVWIHHGLQJZLOOEH
SUHVHQWHG'HVSLWHWKHIDFWWKDWLPSRUWDQWULVNEHQH¿WDVVHVVPHQWJXLGHOLQHV
KDYH EHHQ SURSRVHG IRU WKHVH FRQGLWLRQV ORQJLWXGLQDO SURVSHFWLYH FRKRUW
VWXGLHV HVSHFLDOO\ZLWK WKH QHZHUPRRG VWDELOL]HUV DQG DQWLSV\FKRWLFV DUH
VWLOOODFNLQJ
5HIHUHQFHV
%XUW9.5DVJRQ16SHFLDOFRQVLGHUDWLRQVLQWUHDWLQJELSRODUGLVRU
GHULQZRPHQ%LSRODU'LVRUGHUV
0F(OUR\ 6/  %LSRODU 'LVRUGHUV 6SHFLDO GLDJQRVWLF DQG WUHDWPHQW
FRQVLGHUDWLRQVLQZRPHQ
&166SHFWUXPV6XSSO
6
*HQH([SUHVVLRQ3DWWHUQVGXULQJ0XULQH1HXUDO7XEH
&ORVXUH9DOSURLF$FLG93$,QGXFHG$OWHUDWLRQV
2IHU6SLHJHOVWHLQ
,QVWLWXWHRI%LRVFLHQFHVDQG7HFKQRORJ\7H[DV$	08QLYHUVLW\
6\VWHP+HDOWK6FLHQFH&HQWHU+RXVWRQ7H[DV86$
5REHUW0&DEUHUD'DQLHO%R]LQRY-DPHV)&DOYLQ
5LFKDUG+)LQQHOO
2EMHFWLYHVRXUREMHFWLYHZDV WRH[DPLQHJHQHH[SUHVVLRQSDWWHUQV LQ WKH
GHYHORSLQJQHXUDO WXEHRI VXVFHSWLEOHPRXVHHPEU\RV WUHDWHGZLWKD WHUD
WRJHQLFGRVHRI93$LQRUGHUWRH[DPLQHWKHHWLRORJ\RI93$LQGXFHGQHXUDO
WXEHGHIHFWV
0HWKRGV6:9)QQSUHJQDQWGDPVZHUHWUHDWHGDWGD\RIJHVWDWLRQZLWK
DVLQJOHPJNJLQWUDSHULWRQHDOGRVHRI93$RUZDWHU(PEU\RQLFGHYHO
RSPHQWZDVFKDUDFWHUL]HGDWDQGKRXUVSRVWWUHDWPHQW
8VLQJFRPPHUFLDOO\DYDLODEOHPLFURDUUD\VZHH[DPLQHGWKHH[SUHVVLRQRI
DSSUR[LPDWHO\JHQHVLQWKHDQWHULRUQHXUDOWXEHRIFRQWURODQGWUHDWHG
HPEU\RVDWHDFKH[SHULPHQWDOWLPHSRLQW
5HVXOWV93$WUHDWHGHPEU\RVKDGUHGXFHGVRPLWHQXPEHUVGHPRQVWUDWLQJD
VLJQL¿FDQWGHYHORSPHQWDOGHOD\IROORZHGE\DSHULRGRIUHFRYHU\LQZKLFK
VRPLWH QXPEHUV DSSURDFKHG FRQWURO OHYHOV $QDO\VLV RI JHQH H[SUHVVLRQ
GDWD UHYHDOHGDJOREDOVXSSUHVVLRQRIJHQHH[SUHVVLRQ WKDWFRLQFLGHGZLWK
WKH VWDWLF QXPEHU RI VRPLWHV LQ 93$ WUHDWHG HPEU\RV 6XSSUHVVHG JHQHV
LQFOXGHGWKRVHHQFRGLQJIRUWKHULERVRPH$73V\QWKHVLVDQGWUDQVFULSWLRQ
IDFWRUV)ROORZLQJWKHVXSSUHVVLRQDJOREDOLQFUHDVHLQJHQHH[SUHVVLRQZDV
REVHUYHGDQGLWZDVGXULQJWKLVSHULRGWKDWVRPLWHQXPEHUVZHUHDFWLYHO\
LQFUHDVLQJ7UDQVFULSWLRQ IDFWRU ELQGLQJ VLWHV FRPPRQ WR93$ UHVSRQVLYH
JHQHVZHUHLGHQWL¿HGDQGGLIIHUHQWLDOO\H[SUHVVHGJHQHVWKDWDUHFULWLFDOWR
QHXUDOWXEHFORVXUHVXFKDV6FULE0DUFNVDQG3GJIUDZHUHDOVRLGHQWL¿HG
&RQFOXVLRQV93$DOWHUV WKHJHQHH[SUHVVLRQG\QDPLFDOO\RYHU WLPH7KH
REVHUYHG JHQH H[SUHVVLRQ FDVFDGHV FRLQFLGH ZLWK 93$LQGXFHG GHYHORS
PHQWDOFKDQJHVDQGWKHVHFDVFDGHVDSSHDUWRLQÀXHQFH93$LQGXFHGWHUD
WRJHQLFLW\ LQ WKHDQWHULRUQHXUDO WXEH6SHFL¿F WUDQVFULSWLRQIDFWRUELQGLQJ
VLWHV WKDW DSSHDU WR JRYHUQ93$LQGXFHG JHQH H[SUHVVLRQ FDVFDGHV LQ WKH
DQWHULRUQHXUDOWXEHZHUHLGHQWL¿HG)XUWKHUPRUHJHQHVZLWKDOWHUHGH[SUHV
VLRQLQFOXGHGWKRVHDVVRFLDWHGZLWKWKHLQGXFWLRQRIQHXUDOWXEHGHIHFWVLQ
PLFH:HSURSRVHWKDWWKHWHUDWRJHQLFLW\RI93$LQWKHDQWHULRUQHXUDOWXEH
LVGXHWR93$LQGXFHGJOREDOLQDFWLYDWLRQRIJHQHH[SUHVVLRQDQGH[SUHVVLRQ
DOWHUDWLRQVRIJHQHVFULWLFDOWRQHXUDOWXEHFORVXUH
6
'HYHORSPHQWRI9DOSURDWH$QDORJXHVZLWK/RZ7HUDWRJHQLF
3RWHQWLDO
+HLQ]1DX
'HSDUWPHQWRI)RRG7R[LFRORJ\9HWHULQDU\0HGLFDO8QLYHUVLW\
+DQQRYHU*HUPDQ\
2EMHFWLYHV 7KH DQWLHSLOHSWLF GUXJ YDOSURLF DFLG YDOSURDWH 93$ LV
LQFUHDVLQJO\XVHGIRU WKH WUHDWPHQWRIELSRODUGLVRUGHUVPLJUDLQHSURSK\
OD[LVVFKL]RSKUHQLDDQGDQWLFDQFHUWKHUDS\VXFKDVWUHDWPHQWRIJOLRPDVLQ
FKLOGUHQ:HKDYH V\QWKHVL]HG D QXPEHU RI DQDORJXHV VWUXFWXUDOO\ UHODWHG
WR 93$ LQ RUGHU WR VWXG\ WKH PHFKDQLVP RI DFWLRQ RI WKHVH FRPSRXQGV
DQGWRGHYHORSGHULYDWLYHVZKLFKH[KLELWWKHGHVLUHGDFWLYLWLHVEXWODFNWKH
WHUDWRJHQLFLW\RI93$
0HWKRGV7KHDQDORJXHVRI93$ZHUHV\QWKHVL]HGE\VWDQGDUGSURFHGXUHV
FKLUDO VXEVWDQFHV ZHUH SUHSDUHG E\ VWHUHRVHOHFWLYH V\QWKHVLV DQG FOHDQHG
XSLQIRUPRIWKHLUGLDVWHUHRLVRPHUV$OOVXEVWDQFHVZHUHWHVWHGLQYLYRE\
DGPLQLVWUDWLRQRIWKHVRGLXPVDOWVGLVVROYHGLQZDWHURQGD\óRIJHVWDWLRQ
WR105,PLFH7KHIHWXVHVZHUHVWXGLHGRQGD\RIJHVWDWLRQUHVRUSWLRQV
IHWDOZHLJKW DQG H[WHUQDOPDOIRUPDWLRQVZHUH UHFRUGHG HVSHFLDOO\ QHXUDO
WXEHGHIHFWVPRVWO\H[HQFHSKDO\LQWKHPRXVH
5HVXOWV$ YHU\ VWULFW VWUXFWXUDO VSHFL¿FLW\ ZDV IRXQG 0RVW FRPSRXQGV
V\QWKHVL]HGGLGQRWHOLFLWDWHUDWRJHQLFUHVSRQVH,QRUGHUWREHWHUDWRJHQLF
QHXUDOWXEHGHIHFWLQGXFWLRQDFRPSRXQGPXVWSRVVHVDIUHHFDUER[\O
JURXS  D EUDQFKLQJ SRLQW  D ĮK\GURJHQ DWRP 2QH RI WKH FDUERQ
FKDLQVDWWKHEUDQFKLQJSRLQWPXVWEHFDUERQDWRPVORQJLQFUHDVLQJWKH
OHQJWKRIWKHRWKHUFDUERQFKDLQLQFUHDVHVWKHWHUDWRJHQLFDFWLYLW\JUHDWO\$
WULSOHERQGLQWKHȦSRVLWLRQRIWKHVKRUWVLGHFKDLQLQFUHDVHVWKHWHUDWRJHQLF
DFWLYLW\7KHWHUDWRJHQLFDFWLYLW\ LVKLJKO\VWHUHRVHOHFWLYHDVH[DPSOH WKH
6HQDQWLRPHURISURS\OSHQW\QRLFDFLGLVRQWKHGRVHOHYHOHLJKWWLPHV
PRUHSRWHQWWQDQWKHFRUUHVSRQGLQJ5HQDQWLRPHU
&RQFOXVLRQV 7KH KLJK VWUXFWXUDO VHOHFWLYLW\ RI WKH WHUDWRJHQLF UHVSRQVH
ZLOO DOORZ XV WR VWXG\ WKH WHUDWRJHQLF PHFKDQLVP DV ZHOO DV WKH RWKHU
PHFKDQLVPVRIDFWLRQRI93$7KLVPHFKDQLVWLFLQIRUPDWLRQZLOODOORZXVWR
GHYHORSQHZDQDORJXHVZLWKLPSURYHGWKHUDSHXWLFSURSHUWLHV
5HIHUHQFHV
%ODKHWD5$1DX+0LFKDHOLV0&LQDWO-9DOSURDWHDQGYDOSURDWH
DQDORJXHV3RWHQWWRROVWR¿JKWDJDLQVWFDQFHU&XUUHQW0HGLFDO&KHPLVWU\

6XSSRUWHGE\WKH(8571+351&7
6
9&'D/RZ7WHUDWRJHQLF93$'HULYDWLYH,QKLELWV0,3
6\QWKDVH
*DOLOD$JDP
%HQ*XULRQ8QLYHUVLW\RIWKH1HJHY%HHU6KHYD,VUDHO
*DOLW6KDOWLHO6KLUOH\0DUN5+%HOPDNHU
2EMHFWLYHV 7KH DQWLFRQYXOVDQW PRRG VWDELOL]HU YDOSURDWH 93$ D
EUDQFKHGFKDLQ PRQRFDUER[\OLF DFLG ZDV IRXQG WR KDYH D YDULHW\ RI
ELRORJLFDOWDUJHWVZLWKLQLWVWKHUDSHXWLFFRQFHQWUDWLRQUDQJHP0
$GPLQLVWUDWLRQRI93$GXULQJWKH¿UVWWULPHVWHURISUHJQDQF\VLJQL¿FDQWO\
LQFUHDVHVWKHULVNIRUHPEU\RQHXUDOWXEHGHIHFWVVXFKDVVSLQDEL¿GDDQG
WKHUHIRUHOLPLWVLWVXVHLQZRPHQLQFKLOGEHDULQJDJH2WKHUPRRGVWDELOL]HUV
VXFK DV OLWKLXPDQG FDUEDPD]HSLQH DUH DOVR WHUDWRJHQLFGXULQJSUHJQDQF\
DQG WKHUHIRUH WKH WUHDWPHQW RI \RXQJELSRODUZRPHQSDWLHQWV LV SUREOHP
039#(/0(!2-!#/,/'9¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
DWLF 6HYHUDO JHQHV DQGPROHFXODU WDUJHWV KDYH EHHQ DVVRFLDWHGZLWK93$
WHUDWRJHQLFHIIHFWLHDOWHUHGH[SUHVVLRQRIVSHFL¿F+R[JHQHVDFWLYDWLRQ
RI SHUR[LVRPH SUROLIHUDWRUVDFWLYDWHG UHFHSWRU į DQG LQKLELWLRQ RI KLVWRQH
GHDFHW\ODVH DFWLYLW\ +RZHYHU WKH PROHFXODU EDVLV RI PRRGVWDELOL]DWLRQ
E\93$LV\HWXQNQRZQQRULVWKHPHFKDQLVPRILWVWHUDWRJHQLFLW\6HDUFK
LQJIRU93$GHULYDWLYHVRUDQDORJVZLWKOHVVWHUDWRJHQLFSRWHQWLDOEXWZLWK
LQWUDFHOOXODU DFWLYLW\ VLPLODU WR WKDW RI 93$¶V SXWDWLYH WKHUDSHXWLF HIIHFWV
KDVEHFRPHDQ DSSURDFK IRU WKH VHDUFK IRU VDIHU WUHDWPHQW IRUSRWHQWLDOO\
FKLOGEHDULQJPDQLFGHSUHVVLYHZRPHQ
:H KDYH UHFHQWO\ VKRZQ WKDW 93$ OLNH OLWKLXP GHFUHDVHV LQWUDFHOOXODU
FRQFHQWUDWLRQV RI LQRVLWRO LQ WKH EUDLQ DOEHLW YLD WZR GLIIHUHQWPROHFXODU
WDUJHWV:KLOH OLWKLXPLQKLELWV WKHNH\HQ]\PHRI LQRVLWRO UHF\FOLQJ LQ WKH
SKRVSKDWLG\OLQRVLWRO VLJQDOLQJ SDWKZD\ LQRVLWRO PRQRSKRVSKDWDVH 93$
LQKLELWV WKHNH\HQ]\PHRI LQRVLWROGHQRYRV\QWKHVLV IURPJOXFRVHP\R
LQRVLWROSKRVSKDWH0,3V\QWKDVH
9DOQRFWDPLGH9&'HWK\OPHWK\OYDOHUDPLGHLVDGHULYDWLYHRI93$
ZKLFKXQOLNHYDOSURPLGHGRHVQRWXQGHUJRELRWUDQVIRUPDWLRQ WR93$,Q
PLFHLWKDVEHHQVKRZQWREHVLJQL¿FDQWO\OHVVWHUDWRJHQLFDQGHPEU\ROHWKDO
WKDQ93$$QLPDOVWXGLHVUHSRUWHGWKDW9&'LVDWOHDVWDVDQWLFRQYXOVDQWDV
93$,WLVWKHUHIRUHUHDVRQDEOHWRDVVXPHWKDW9&'PD\DFWDVDQDQWLFRQ
YXOVDQWPRRGVWDELOL]HUDVZHOO7RVWXG\WKHSRVVLEOHUHOHYDQFHRI9&'DV
DPRRGVWDELOL]HU DW WKH ELRFKHPLFDO OHYHO ZH FKDUDFWHUL]HG LWV HIIHFW LQ
FRQFHQWUDWLRQV SDUDOOHO WR WKH WKHUDSHXWLF FRQFHQWUDWLRQV RI93$ RQ0,3
V\QWKDVHDFWLYLW\LQFUXGHKXPDQEUDLQKRPRJHQDWH
0HWKRGV7KH VWXG\ZDVDSSURYHGE\ WKH ,VUDHOL0LQLVWU\RI+HDOWK+HO
VLQNL &RPPLWWHH ,5% 5LJKW KHPLVSKHUH SRVWPRUWHP SUHIURQWDO KXPDQ
EUDLQVDPSOHV IURPVXEMHFWVZLWKQRKLVWRU\RISV\FKLDWULFGLVRUGHUVZHUH
XVHG0,3V\QWKDVHDFWLYLW\ZDVPHDVXUHGE\PRQLWRULQJWKHDPRXQWRI&
JOXFRVHSKRVSKDWHFRQYHUWHGLQWR&LQRVLWROSKRVSKDWHLQWKHDEVHQFH
DQGLQWKHSUHVHQFHRIH[FHVVFRPPHUFLDOLQRVLWROPRQRSKRVSKDWDVH
5HVXOWV0,3V\QWKDVHDFWLYLW\ZDVIRXQGWREHUHGXFHGE\9&'ZLWKLQWKH
WKHUDSHXWLFDOO\UHOHYDQWUDQJHRIFRQFHQWUDWLRQVRI93$LQKLELWLRQZDV
REWDLQHGDWDERXWP09&'
&RQFOXVLRQV7KH UHVXOWV DUH FRQVLVWHQWZLWK WKH QRWLRQ WKDW9&'PD\EH
DVDIHUVXEVWLWXWHRI93$DVDPRRGVWDELOL]LQJGUXJIRUELSRODUZRPHQLQ
FKLOGEHDULQJDJH
6
7HUDWRJHQLFLW\RI/DPRWULJLQH
-RVHSK&DODEUHVH
&DVH:HVWHUQ5HVHUYH8QLYHUVLW\86$
,QWURGXFWLRQ7KHW\SLFDOHDUO\RQVHWRIELSRODUGLVRUGHUPHDQDJHDW¿UVW
HSLVRGHPRVWIUHTXHQWO\LQWKHVHFRQGRUWKLUGGHFDGHRIOLIHFUHDWHVDVHULHV
RIGLOHPPDVIRUWKHIHPDOHELSRODUGLVRUGHUSDWLHQWUHODWLQJWRFRQWUDFHSWLRQ
IHUWLOLW\DQGWHUDWRJHQLFLW\:RPHQZLWKELSRODUGLVRUGHUZKRDUHFRQWHP
SODWLQJ SUHJQDQF\ IDFH D SDUWLFXODUO\ GLI¿FXOW GHFLVLRQ LQ ZHLJKLQJ WKH
EHQH¿WVDQGULVNVRIFRQWLQXLQJRUVWRSSLQJWKHLUPRRGVWDELOL]HUWUHDWPHQW
)RUH[DPSOHWKHSURWRW\SLFDOPRRGVWDELOL]HU OLWKLXPRIIHUVUHGXFHGULVN
RIPRRGHSLVRGHVEXWDOVRDQLQFUHDVHGWHUDWRJHQLFULVN(SVWHLQ¶VDQRPDO\
ZLWKRYHUDOOELUWKGHIHFWUDWHVHVWLPDWHGWREHDVKLJKDVIURPSURVSHF
WLYHUHJLVWULHV<RQNHUVHWDO5DSLGGLVFRQWLQXDWLRQRIOLWKLXPVXFK
DVPLJKWRFFXUSULRUWRRULQWKHHDUO\FRXUVHRISUHJQDQF\DOVRFRQIHUVDG
GLWLRQDOULVNVRIPRRGLQVWDELOLW\*RRGZLQIXUWKHUFRPSOLFDWLQJWKH
FOLQLFDOSLFWXUH0RUHUHFHQWO\YDOSURDWHDQGODPRWULJLQHKDYHGHPRQVWUDWHG
GLIIHULQJDQGSRWHQWLDOO\FRPSOHPHQWDU\PRRGVWDELOL]LQJSUR¿OHVDGGLQJWR
WKHQXPEHURIWKHUDSHXWLFFKRLFHVDYDLODEOHWRELSRODUSDWLHQWV
2EMHFWLYHV7RUHYLHZWKH,QWHULP5HSRUWRIWKH,QWHUQDWLRQDO/DPR
WULJLQH 3UHJQDQF\ 5HJLVWU\ DQG UHFHQW GDWD IURP WKH 8. (SLOHSV\ DQG
3UHJQDQF\5HJLVWHU
0HWKRGV 6LQFH  WKHPDQXIDFWXUHU RI ODPRWULJLQH KDV VSRQVRUHG DQ
LQGHSHQGHQWO\PDQDJHG LQWHUQDWLRQDOREVHUYDWLRQDO UHJLVWU\ZKLFK WRGDWH
KDV JDWKHU RXWFRPHV IURP RYHU  SURVSHFWLYHO\ LGHQWL¿HG SUHJQDQFLHV
SULPDU\IURPHSLOHSV\SDWLHQWV
5HVXOWV &XUUHQW GDWD IURP WKLV UHJLVWU\ LQGLFDWH DQ REVHUYHG IUHTXHQF\
RI ELUWK GHIHFWV LQ SDWLHQWV ZLWK ¿UVW WULPHVWHU H[SRVXUH WR ODPRWULJLQH
PRQRWKHUDS\ RI   &,  FRPSDUHG ZLWK D EDFNJURXQG
UDWHHVWLPDWHGDW,QYHUHVN5HVHDUFK7KHUDWHRIELUWKGHIHFWV
DPRQJ SDWLHQWV H[SRVHG ODPRWULJLQH DQG YDOSURDWH FRWKHUDS\ GXULQJ WKH
¿UVWWULPHVWHULVFXUUHQWO\&,FRPSDUHGZLWKDUDWH
RI&,IRUSDWLHQWVRQODPRWULJLQHSRO\WKHUDS\WKDWGLG
QRW LQFOXGH YDOSURDWH DV SDUW RI WKH UHJLPHQ 6LPLODUO\ WKH8.(SLOHSV\
DQG3UHJQDQF\5HJLVWHUHVWDEOLVKHGLQSURYLGHVIXUWKHUHVWLPDWHVRI
ULVNIRUDJHQWVFRPPRQO\SUHVFULEHGLQELSRODUGLVRUGHU&XUUHQWUDWHVIURP
WKLVGDWDEDVH IRUSDWLHQWVRQPRQRWKHUDS\DUHYDOSURDWH±&,
ODPRWULJLQH±&,DQGFDUEDPD]HSLQH±
&,
&RQFOXVLRQV 3UHOLPLQDU\ GDWD VXJJHVW WKDW WKH UDWHV RI WHUDWRJHQLFLW\
VHFRQGDU\ WR ODPRWULJLQH H[SRVXUH GXULQJ WKH¿UVW WULPHVWHU RI SUHJQDQF\
DSSHDUWREHVLPLODUWREDFNJURXQGUDWHVLQWKHHSLOHSV\SRSXODWLRQ
7KHUHH[LVWVDQHHGIRUREVHUYDWLRQDOVWXGLHVRISUHJQDQF\RXWFRPH
DPRQJELSRODUSDWLHQWV LQRUGHU WKDWFOLQLFLDQVDQGSDWLHQWVPD\PDNH LQ
IRUPHGFKRLFHVUHJDUGLQJXVHRIPRRGVWDELOL]HUVGXULQJSUHJQDQF\
5HIHUHQFHV
,QYHUHVN5HVHDUFK/DPRWULJLQH3UHJQDQF\5HJLVWU\,QWHULP5HSRUW±-DQX
DU\
*RRGZLQ*0HWDO5HFXUUHQFHRI0DQLDDIWHU/LWKLXP:LWKGUDZDO
%U-3V\FKLDWU\
<RQNHUV.$HWDO /LWKLXP'XULQJ3UHJQDQF\&16'UXJV

6
(WKLFDO,VVXHVLQ1HXURSV\FKRSKDUPDFRORJ\5HVHDUFK
6
&RPSDULVRQRIWKH(XURSHDQDQG86+XPDQ3URWHFWLRQ
6\VWHPVRI5HVHDUFK3DUWLFLSDQWV
,YDQ%HUOLQ
'pSDUWHPHQWGH3KDUPDFRORJLH*URXSH+RVSLWDOLHU8QLYHUVLWDLUH
3LWLp6DOSrWULqUH3DULV)UDQFH
2EMHFWLYHV7RUHYLHZDQGWRFRPSDUHWKH86DQG(XURSHDQKXPDQSURWHF
WLRQ V\VWHPV RI UHVHDUFK SDUWLFLSDQWV LQ WHUP RI UHJXODWLRQV OHJDO IUDPH
ZRUN EDVHV IRU FRQGXFW RI FOLQLFDO WULDOV HWKLFV FRPPLWWHHV DQG DGYHUVH
HIIHFWUHSRUWLQJ
0HWKRGV6\VWHPLF OLWHUDWXUHUHYLHZRISDSHUVDQGJXLGHOLQHVUHIHUULQJ WR
WKHSURWHFWLRQRIUHVHDUFKSDUWLFLSDQWVLQFOLQLFDOWULDOV
5HVXOWV7KH)UHQFKV\VWHPIRUKXPDQVXEMHFWSURWHFWLRQDVFRGL¿HG¿UVW
LQWKHVWDWHODZLQLQFOXGHVQDWLRQDOFRYHUDJHRIDOOKXPDQUHVHDUFK
UHJDUGOHVVRIVSRQVRULQYHVWLJDWRURUIXQGLQJVRXUFHDJHRJUDSKLFQHWZRUN
RIORFDO&RQVXOWDWLYH&RPPLWWHHVIRUWKH3URWHFWLRQRI3HUVRQVLQ%LRPHGL
FDO5HVHDUFK&&33%5LQGHSHQGHQWRIDQ\LQVWLWXWLRQDQGIXQGHGE\XVHU
IHHV2WKHUIHDWXUHV LQFOXGHPDQGDWRU\LQVXUDQFHWRFRYHUVXEMHFWV¶KHDOWK
FRVWVDQGVSRQVRUV¶DQGLQYHVWLJDWRUV¶FLYLOOLDELOLW\DQDWLRQDOUHJLVWU\RIUH
VHDUFKVXEMHFWVDOLPLWRQVXEMHFWFRPSHQVDWLRQDQGFULPLQDOSHQDOWLHVIRU
YLRODWLRQRILWVSURYLVLRQV%HUOLQ*RUHOLFN6RPHEXWIHZIHDWXUHV
RIWKH)UHQFKV\VWHPDUHEHLQJFKDQJHGLQDSSOLFDWLRQRIWKH'LUHFWLYHRIWKH
(XURSHDQ3DUOLDPHQWDQG&RXQFLOFRQFHUQLQJPHGLFLQDOSURGXFWV'LUHFWLYH
(&RIWKH(XURSHDQ3DUOLDPHQWDQGRIWKH&RXQFLO&RPSDULVRQV
ZLOO DOVR EH PDGH ZLWK H[LVWLQJ 8. SROLFLHV DQG GLVSRVLWLRQV JRYHUQLQJ
UHVHDUFKZLWKKXPDQV0DVFKNH
7KH86 KXPDQ UHVHDUFK VXEMHFW V\VWHP LV EDVHG RQ QDWLRQDO UHJXODWLRQV
ZKLFKGRQRWDSSO\WRUHVHDUFKQRWVXSSRUWHGUHJXODWHGE\IHGHUDOJRYHUQ
PHQW%HUOLQ	*RUHOLFN,WVFRUQHUVWRQHLVWKH,QVWLWXWLRQDO5HYLHZ
%RDUG,5%ZKLFKLVDJURXSRISHUVRQVFRQVWLWXWHGWRUHYLHZDQGPRQLWRU
ELRPHGLFDO UHVHDUFK7KH,5%LVXVXDOO\SDUWRI WKH LQVWLWXWLRQFRQGXFWLQJ
UHVHDUFK DQG GUDZLQJ LWV UHVRXUFHV IURP LW7KXV LWV LQGHSHQGHQFH LV QRW
IXOO\JXDUDQWHHG,WVPHPEHUVUHÀHFWDGLYHUVLW\LQFOXGLQJFRQVLGHUDWLRQRI
UDFHJHQGHUDQGSURIHVVLRQ,WPRQLWRUVDGYHUVHUHDFWLRQVDQGSURJUHVVLRQ
RIWKHUHVHDUFK
&RQFOXVLRQV&RPSDULVRQRIHWKLFDODQGUHJXODWRU\V\VWHPVIRUSURWHFWLRQ
RI UHVHDUFK SDUWLFLSDQWV EHWZHHQ FRXQWULHV ZKLFK FRQGXFW D VXEVWDQWLDO
DPRXQWRIFOLQLFDO UHVHDUFKPD\RIIHUFOXHVDV WRKRZ WR LPSURYH UHVSHF
WLYHO\WKHFXUUHQWV\VWHPV6RPHIHDWXUHVFRXOGEHDGDSWHGDQGDGRSWHGLQWR
WKHFXUUHQWV\VWHPVZKLFKZRXOGKHOSWRLPSURYHH[LVWLQJSROLFLHVUHJXOD
WLRQVDQGGLVSRVLWLRQV
5HIHUHQFHV
%HUOLQ ,*RUHOLFN'$ 7KH)UHQFK/DZRQ ³3URWHFWLRQ RI 3HUVRQV
8QGHUJRLQJ
%LRPHGLFDO5HVHDUFK´,PSOLFDWLRQVIRUWKH86-RXUQDORI/DZ0HGLFLQH
DQG(WKLFV
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
'LUHFWLYH (& RI WKH (XURSHDQ 3DUOLDPHQW DQG RI WKH &RXQFLO RI
 $SULO  2I¿FLDO -RXUQDO RI WKH (XURSHDQ &RPPXQLWLHV / 

0DVFKNH.-86DQG8.SROLFLHVJRYHUQLQJUHVHDUFKZLWKKXPDQV
3V\FKRSKDUPDFRORJ\
6
(PSLULFDO5HVHDUFKRQ(WKLFDO,VVXHVLQ&OLQLFDO6XEVWDQFH
$EXVH5HVHDUFK
'DYLG$*RUHOLFN
1DWLRQDO,QVWLWXWHRQ'UXJ$EXVH1,+'++6%DOWLPRUH0'
86$
$LPV &OLQLFDO UHVHDUFK VWXGLHV GHDOLQJ ZLWK VXEVWDQFH DEXVH HJ ZLWK
VXEVWDQFHDEXVHUVDVVXEMHFWVRUDGPLQLVWHULQJDEXVDEOHGUXJVUDLVHVSHFLDO
HWKLFDOLVVXHVLQDGGLWLRQWRWKRVHJHQHULFWRDOOFOLQLFDOUHVHDUFK7KHVHLV
VXHVLQFOXGHVXEVWDQFHXVHUVRUDGGLFWVDVYXOQHUDEOHSRSXODWLRQVUHTXLULQJ
VSHFLDOSURWHFWLRQSD\PHQWRIUHPXQHUDWLRQWRVXEVWDQFHXVHUVZKRPLJKW
VSHQGLWRQGUXJVDQGWKHDGGLFWLYHULVNRIDGPLQLVWHULQJDEXVDEOHGUXJVWR
UHVHDUFKVXEMHFWV(PSLULFDOUHVHDUFKFDQLQIRUPWKHHWKLFDOGHEDWHRQWKHVH
LVVXHV*RUHOLFNHWDO
0HWKRGV 6RPH LQYHVWLJDWRUV XVH VSHFL¿F SURFHGXUHV WR DOOHYLDWH HWKLFDO
FRQFHUQV LQFOXGLQJSRVWFRQVHQWTXL]]HV WRYHULI\ WKDWVXEMHFWV UHPHPEHU
LPSRUWDQWLQIRUPDWLRQIURPWKHFRQVHQWSURFHVVSD\PHQWRIUHPXQHUDWLRQ
LQNLQGJRRGDQGVHUYLFHVUDWKHUWKDQDVFDVKWRDYRLGLQDSSURSULDWHVSHQG
LQJDQGSRVWVWXG\IROORZXSWRHYDOXDWHDGGLFWLYHULVNIURPDGPLQLVWUDWLRQ
RIDEXVDEOHGUXJV
5HVXOWV$ VWXG\ RI  GUXJXVLQJ LQSDWLHQW UHVHDUFK VXEMHFWV IRXQG WKDW
PRVW SUHIHUUHG FDVK WR LQNLQG SD\PHQWV ZLWK LQGLYLGXDO YDULDELOLW\ LQ
VSHQGLQJRI LQNLQGUHPXQHUDWLRQ.XUODQGHUHWDO0RVWVSHQGLQJ
ZDV LQ DSSURSULDWH FDWHJRULHV HJ KRXVLQJ SHUVRQDO LWHPV ,Q D VHSDUDWH
VWXG\SRVWVWXG\IROORZXSPHDQRIZHHNVRIFRFDLQHXVLQJVXEMHFWV
JLYHQ  FRFDLQH FKDOOHQJHV PJ LQWUDQDVDO RQ D UHVHDUFK ZDUG
IRXQGDPHDQGHFUHDVHFRPSDUHGWRWKHPRQWKEHIRUHVWXG\HQWU\LQ
GD\VZLWKFRFDLQHXVH7KHUHZDVQRLQFUHDVHLQRWKHUVXEVWDQFHXVH
&RQFOXVLRQV 'DWD IURP HPSLULFDO VWXGLHV VXJJHVW WKDW ZLWK DSSURSULDWH
GHVLJQIHDWXUHVFOLQLFDOVXEVWDQFHDEXVHUHVHDUFKFDQEHVDIHO\DQGHWKLFDOO\
FRQGXFWHG
5HIHUHQFHV
*RUHOLFN'$3LFNHQV5:%RQNRYVN\)2&OLQLFDOUHVHDUFKLQVXE
VWDQFHDEXVH+XPDQVXEMHFWVLVVXHV,Q3LQFXV+$/LHEHUPDQ-$)HUULV
6HGV(WKLFVLQSV\FKLDWULFUHVHDUFK$UHVRXUFHPDQXDOIRUKXPDQVXEMHFWV
SURWHFWLRQ$PHULFDQ3V\FKLDWULF$VVRFLDWLRQ:DVKLQJWRQSS
.XUODQGHU-(6LPRQ'DFN6/*RUHOLFN'$6SHQGLQJRIUHPXQHUD
WLRQE\VXEMHFWV LQQRQWUHDWPHQWGUXJDEXVH UHVHDUFKVWXGLHV$P-'UXJ
$OF$EXVHLQSUHVV
6
(PHUJLQJ,VVXHVLQ1HXURHWKLFV
*RUGRQ'X9DO
8QLYHUVLW\RI7RURQWR&DQDGD
5HFHQWDGYDQFHVLQERWKWKHWHFKQRORJ\DQGRXUWKHRUHWLFDOXQGHUVWDQGLQJ
RI QHXURVFLHQFH UDLVH GLI¿FXOW HWKLFDO SUREOHPV DQG FKDOOHQJH WUDGLWLRQDO
QRWLRQVRIIUHHZLOOUHVSRQVLELOLW\DQGWKHVHOI2XUUHVSRQVHWRWKHVHLVVXHV
ZLOOKDYHIDUUHDFKLQJHIIHFWVSHUKDSVPRUHWKDQWKRVHUHODWHGWRHPHUJLQJ
JHQHWLFWHFKQRORJLHV
+HUHDUHMXVWDIHZVXFKLVVXHV2XUHYROYLQJXQGHUVWDQGLQJRIEUDLQIXQF
WLRQ DQG SURFHVVHV WRJHWKHU ZLWK GHYHORSLQJ LPDJLQJ WHFKQRORJ\ ZLOO
LQFUHDVLQJO\SHUPLW EHKDYLRXUV SHUVRQDOLW\ WUDLWV DQGRWKHUPHQWDO HYHQWV
WR EH LGHQWL¿HG DQG PRQLWRUHG (PSOR\PHQW HGXFDWLRQ LQVXUDQFH OHJDO
SURFHVVHV LPPLJUDWLRQ FRXQWHUWHUURULVP DQG RWKHU VRFLDO DFWLYLWLHV DQG
UHODWLRQVKLSVPD\ DOO EH DIIHFWHG E\ WKH DELOLW\ WR LGHQWLI\ OLNHO\ DW EHVW
SUREDELOLVWLFDOO\ EHKDYLRXUDO GLVSRVLWLRQV WR IRU H[DPSOH YLROHQFH DG
GLFWLRQGLVKRQHVW\VWUHVVV\PSDWK\DQGFRRSHUDWLYHQHVV1HXURVFLHQWL¿F
DGYDQFHZLOODOVRPDNHFRJQLWLYHDQGEHKDYLRXUDOHQKDQFHPHQWVSRVVLEOH
$VLGHIURPLPSRUWDQWTXHVWLRQVDERXWWKHHWKLFVRIHQKDQFHPHQWVLQYROYLQJ
EHKDYLRXU SHUVRQDOLW\ DQG FRJQLWLYH DELOLWLHV WKHUH DUH UHDO VRFLDO MXVWLFH
FRQFHUQVLIVXFKHQKDQFHPHQWWHFKQRORJLHVDUHLQLWLDOO\H[SHQVLYHDQGDYDLO
DEOHRQO\WRWKHZHDOWK\DQGSULYLOHJHG)XUWKHUDVPHQWDOHYHQWVEHFRPH
LQFUHDVLQJO\GHVFULEDEOHLQWHUPVRIEUDLQVWUXFWXUHDQGPHFKDQLVPZHPD\
EHREOLJHGWRUHH[DPLQHDFFHSWHGQRWLRQVRIIUHHZLOO UHVSRQVLELOLW\DQG
DFFRXQWDELOLW\,QWKHIRUHQVLFFRQWH[WIRUH[DPSOHLIFULPLQDORURWKHUDEHU
UDQWEHKDYLRULVIRXQGWREHFDXVDOO\UHODWHGWRGLIIHUHQFHVLQEUDLQVWUXFWXUH
RUPHFKDQLVPZKDWLVWKHEDVLVIRUDSSURSULDWHFULPLQDOUHVSRQVLELOLW\DQG
SXQLVKPHQW" 7KHVH LVVXHV ZLOO EH H[SORUHG WRJHWKHU ZLWK RWKHU SRWHQWLDO
UDPL¿FDWLRQVRIFXUUHQWUDSLGDGYDQFHVLQQHXURVFLHQFHDQGQHXURLPDJLQJ
2XU UHVSRQVH WR WKHVH FKDOOHQJHVKRZHYHU UHTXLUHV VRPHFDXWLRQ([SHUL
HQFH RI HDUOLHU WHFKQRORJLFDO DQG VFLHQWL¿F GHYHORSPHQWV WHDFKHV XV WKDW
FRQWUROOLQJWKHDGYDQFHRIQHZNQRZOHGJHLVGLI¿FXOWRUHYHQIXWLOH+RZ
HYHUGHYHORSPHQWVLQWKH¿HOGRIJHQHWLFVDQGRWKHUDUHDVVXJJHVWWKDWWKH
SRWHQWLDOIRUKDUPDULVLQJIURPWKHVHDGYDQFHVPD\EHH[DJJHUDWHG
6
(WKLFDO,VVXHVLQ,QWHUQDWLRQDO&ROODERUDWLYH5HVHDUFK
5HLGDU./LH
8QLYHUVLW\RI%HUJHQ1RUZD\
2EMHFWLYHV 'XULQJ WKH SDVW IHZ \HDUV FOLQLFDO UHVHDUFK LQ GHYHORSLQJ
FRXQWULHVKDV UDLVHGDQXPEHURIGLI¿FXOWHWKLFDO LVVXHV7KLVSUHVHQWDWLRQ
ZLOOJLYHDQRYHUYLHZRIWKUHHVXFKFRQWURYHUVLHVDQGWKHPDLQDUJXPHQWV
WKHVWDQGDUGRIFDUHFRQWURYHUV\REOLJDWLRQWRSURYLGHSRVWWULDOEHQH¿WVDQG
REOLJDWLRQVWRSURYLGHDQFLOODU\FDUHWRSDUWLFLSDQWVGXULQJWKHWULDO
5HVXOWV7KRVHZKRDUJXHWKDWUHVHDUFKHUVKDYHREOLJDWLRQVRYHUDQGEH\RQG
WKHVDIHW\RISDUWLFLSDQWVSRLQWRXWWKDWUHVHDUFKHUVKDYHDQRSSRUWXQLW\SUR
YLGHDGGLWLRQDOEHQH¿WVLQWKHFRQWH[WRIH[WUHPHUHVRXUFHFRQVWUDLQWV7KRVH
ZKRKDYHEHHQFULWLFDORIVXFKREOLJDWLRQVSRLQWRXW WKDW VXFKREOLJDWLRQV
FRXOG LQYDOLGDWH WKH UHVHDUFKGHVLJQRUGLYHUW VFDUFH UHVRXUFHVDZD\IURP
UHVHDUFKWKDWFRXOGSURYLGHJUHDWEHQH¿WVWRIXWXUHSDWLHQWV
&RQFOXVLRQV7KHSDSHUZLOOFRQFOXGHE\DUJXLQJWKDWLQVWHDGRIIRFXVLQJRQ
WKHEURDGQRUPDWLYHSRVLWLRQVIRUDQGDJDLQVWGLIIHUHQWVWDQ
6
665,3ODVPD&6)5HODWLRQVKLSVDQG(IIHFWVRQ
0RQRDPLQHVDQG1HXURSHSWLGHVLQ'HSUHVVHG3DWLHQWVDQG
$QLPDO0RGHOV
6
$VVRFLDWLRQEHWZHHQ3ODVPDDQG&HUHEURVSLQDO)OXLG&6)
&RQFHQWUDWLRQVRI665,¶VDQG1HZHU$QWLGHSUHVVDQWVDQGWKHLU
0HWDEROLWHVZLWK+\GUR[\LQGROHDFHWLF+,$$DQG&OLQLFDO
2XWFRPHLQ'HSUHVVHG3DWLHQWV
*HRUJ1LNLVFK
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\.OLQLNXP)XOGD
*HUPDQ\
$OHNVDQGHU$0DWKp3LHUUH%DXPDQQ
)RU RSWLPDO XVH RI WKHUDSHXWLF GUXJPRQLWRULQJ 7'0 LW LV QHFHVVDU\ WR
NQRZ KRZ SODVPD FRQFHQWUDWLRQV RI SV\FKRWURSLF GUXJV FRUUHODWH ZLWK
WKHLUFRQFHQWUDWLRQV LQFHUHEURVSLQDOÀXLG&6)$V&6)UHÀHFWVFHUHEUDO
PHWDEROLVP&6)PRQRDPLQHPHWDEROLWHVWXGLHVUHSUHVHQWRQHDSSURDFKWR
LQYHVWLJDWH DQWLGHSUHVVDQW GUXJ DFWLRQ &6) FRQFHQWUDWLRQV RI DQWLGHSUHV
VDQWVDQGWKHLUPHWDEROLWHVPD\WRDKLJKHUGHJUHHUHÀHFWWKHSURSRUWLRQRI
GUXJDYDLODEOHIRUWUDQVSRUWLQWRWKHEUDLQWKDQSODVPDEHFDXVHRIWKH
SUR[LPLW\ RI&6) WR EUDLQ DQG  WKH SRVVLELOLW\ WKDW&6) OHYHOV UHÀHFW
IUHH GUXJ SODVPD OHYHOVZKHUHDV RQO\ WRWDO IUHH SOXV ERXQG GUXJ OHYHOV
DUHJHQHUDOO\PHDVXUHGLQSODVPD6HYHUDOUHVHDUFKJURXSVKDYHPHDVXUHG
WKH FRQFHQWUDWLRQV RI DQWLGHSUHVVDQWV LQ &6) LQFOXGLQJ QRUWULSW\OLQH DQG
LWVK\GUR[\PHWDEROLWH$QLQWHUHVWLQJVWXG\RQWKHVWHUHRVHOHFWLYHHIÀX[RI
WKHHQDQWLRPHUV(K\GUR[\QRUWULSW\OLQHIURP&6)LQGHSUHVVHGSDWLHQWV
VXJJHVWVWKHH[LVWHQFHRIDQDFWLYHWUDQVSRUWV\VWHP7KLVZRUNLVVLJQL¿FDQW
DVWKHUHLVQRZLQFUHDVLQJHYLGHQFHWKDWPHPEUDQHSURWHLQV3J3DUHLP
SOLFDWHGLQGUXJWUDQVSRUW*HQHUDOO\WKHUDWLR&6)SODVPDLVOHVVWKDQIRU
DQWLGHSUHVVDQWVDVVKRZQIRUÀXR[HWLQHDQGQRUÀXR[HWLQH
665,¶VJLYHQWRGHSUHVVHGSDWLHQWVUHVXOWLQFRQVLVWHQWELRFKHPLFDOHIIHFWV
7KXV]LPHOGLQHFLWDORSUDPSDUR[HWLQHVHUWUDOLQHDQGÀXR[HWLQHUHGXFHWKH
039#(/0(!2-!#/,/'9¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
VHURWRQLQ PHWDEROLWH K\GUR[\LQGROHDFHWLF DFLG +,$$ LQ &6) 2XU
JURXSH[DPLQHGXQGHUVWHDG\VWDWHFRQGLWLRQVSODVPDDQG&6)FRQFHQWUD
WLRQVRIWKHHQDQWLRPHUVRIFLWDORSUDPDQGLWVPHWDEROLWHV)LJXUHLQGH
SUHVVHGSDWLHQWVWUHDWHGZLWKPJFLWDORSUDPGDLO\IRUZHHNVWRH[SORUH
WKH PHWDEROLF LQWHUFRQYHUVLRQ DQG WKH UHODWLRQVKLS EHWZHHQ GUXJ OHYHOV
FOLQLFDOUHVSRQVHDQGWKHFLWDORSUDPLQGXFHGDOWHUDWLRQLQ&6)+,$$DQG
+9$WKHPDMRUPHWDEROLWHVRIEUDLQVHURWRQLQDQGGRSDPLQHUHVSHFWLYHO\
7KH GHPRQVWUDWHG FRUUHODWLRQV EHWZHHQ SKDUPDFRNLQHWLF SDUDPHWHUV DQG
WKH FOLQLFDO RXWFRPH DVZHOO DV +,$$FKDQJHV LQGLFDWH WKDWPRQLWRULQJ
RI SODVPD 6&,7 &6) 6&,7 DQG &6) 6&,73523 PD\ EH RI FOLQLFDO
UHOHYDQFH
)LJXUH3ODVPDDQG&6)VWHDG\VWDWHFRQFHQWUDWLRQVRIFLWDORSUDPDQGPHWDEROLWHV
5HIHUHQFHV
1LNLVFK*0DWKp$$&]HUQLN$(DS&%-LPpQH]9DVTXH]3%UDZDQG
$PH\0%DXPDQQ3 6WHUHRVHOHFWLYHPHWDEROLVPRIFLWDORSUDP LQ
SODVPD DQG FHUHEURVSLQDO ÀXLG RI GHSUHVVLYH SDWLHQWV 5HODWLRQVKLS ZLWK
+,$$LQ&6)DQGFOLQLFDOUHVSRQVH-&OLQ3V\FKRSKDUPDFRO
6
1HXURSHSWLGH5HFHSWRUV7DUJHWVIRU1HXURWURSLF'UXJ
'HYHORSPHQW
7RPDV+|NIHOW
'HSDUWPHQWRI1HXURVFLHQFH.DUROLQVND,QVWLWXWHW6WRFNKROP
6ZHGHQ
7KHQHXURSHSWLGHV WKHPRVW FRPPRQPHVVHQJHUPROHFXOHV LQ WKH FHQWUDO
QHUYRXVV\VWHPDQGWKHLUUHFHSWRUVDUHGLVWULEXWHGLQDOOSDUWVRIWKHQHUYRXV
V\VWHPSULPDULO\LQQHXURQVEXWYDULRXVW\SHVRIJOLDOFHOOVFDQDOVRSUR
GXFHQHXURSHSWLGHVDQGH[SUHVVQHXURSHSWLGHUHFHSWRUV7KHQHXURSHSWLGHV
GLIIHU IURP FODVVLF WUDQVPLWWHUV LQ VHYHUDO UHVSHFWV IRU H[DPSOH WKH\ DUH
H[FOXVLYHO\VWRUHGLQVRFDOOHGODUJHGHQVHFRUHYHVLFOHVDQGDUHLQVRPHV\V
WHPVUHOHDVHGZKHQQHXURQVDUH¿ULQJDWKLJKUDWHVRUDUHEXUVW¿ULQJDQG
PDLQO\LQWRWKHH[WUDV\QDSWLFVSDFH,WLVWKHUHIRUHOLNHO\WKDWQHXURSHSWLGH
DQWDJRQLVWVPDLQO\DFWRQVWURQJO\DFWLYDWHGDQGGHUDQJHGV\VWHPVZKLFK
VKRXOGPLQLPL]HWKHVLGHHIIHFWV$QLPDOH[SHULPHQWVVXJJHVWLQYROYHPHQW
RI QHXURSHSWLGHV LQ VHYHUDO PHQWDO DQG QHXURORJLFDO GLVHDVHV LQFOXGLQJ
GHSUHVVLRQ DQ[LHW\ VFKL]RSKUHQLD HDWLQJ GLVRUGHUV DQG QHXURGHJHQHUD
WLYHGLVHDVHVVXFKDV$O]KHLPHUDQGSULRQGLVHDVHV$OVRGLVWLQFWFKDQJHV
LQQHXURSHSWLGHH[SUHVVLRQKDYHEHHQGHPRQVWUDWHGLQSRVWPRUWHPEUDLQV
IURPSDWLHQWDIÀLFWHGE\VHYHUDOPHQWDOGLVHDVHV1XPHURXVGUXJVDFWLQJRQ
QHXURSHSWLGH UHFHSWRUV KDYH EHHQ GHYHORSHGPDLQO\ E\ WKH SKDUPDFHXWL
FDOFRPSDQLHV7KH\KDYHEHHQWHVWHGLQDQLPDOH[SHULPHQWVDVZHOODVLQ
KXPDQWULDOVRIYDULRXVGLVRUGHUVVXFKDVGHSUHVVLRQVXEVWDQFH3DQG&5)
DQWDJRQLVWVVFKL]RSKUHQLD&&.DQGVXEVWDQFH3DQWDJRQLVWVHDWLQJGLV
RUGHUV PHODQRFRUWLQ13<DQGRUH[LQDQWDJRQLVWV DQG LQ VOHHSGLVRUGHUV
RUH[LQDJRQLVWV+RZHYHUXSWLOOQRZQRQHRIWKHVHFRPSRXQGVKDVEHHQ
DSSURYHGIRUWUHDWPHQWRIDQ\RIWKHVHGLVHDVHVDOWKRXJKDQ1.VXEVWDQFH
3DQWDJRQLVWLVQRZLQXVHIRUWUHDWPHQWRIFKHPRWKHUDS\LQGXFHGHPHVLV
0RUHRYHUPDQ\RIWKHVHGUXJVDUHLQYDULRXVVWDJHVRIFOLQLFDOWULDOVDQGWKH
IXWXUHZLOOVKRZLIWKH\KDYHHI¿FDF\LQGLVHDVHVVXFKDVWKRVHPHQWLRQHG
DERYH
6
1HXURSHSWLGH6\VWHPVtQ$QLPDO0RGHOVRI0RRG'LVRUGHUV
/DXUD&DEHUORWWR
'HSW%LRORJ\3V\FKLDWU\&(''*6.9HURQD,WDO\
$OHNVDQGHU$0DWKp5REHUWR$UEDQ)DEUL]LR%DFFKL
(ULND=DPEHOOR
5HFHQW¿QGLQJV VXJJHVW D NH\ UROH RI QHXURSHSWLGHV LQ WKHPRGXODWLRQRI
HPRWLRQDOEHKDYLRU7RIXUWKHULQYHVWLJDWHWKHUROHRIGLIIHUHQWQHXURSHSWLGHV
LQPHGLDWLQJ WKHUHVSRQVH WRVWUHVV LQ WKHSUHVHQWFRPPXQLFDWLRQZHZLOO
SUHVHQWGDWDRQQHXURSHSWLGHUJLFV\VWHPVVXFKDV&RUWLFRWURSLQ5HOHDVLQJ
)DFWRU &5)1HXURSHSLWGH< 13< DQG1RFLFHSWLQ LQ GLIIHUHQW DQLPDO
PRGHOVRIGHSUHVVLRQDQGDQ[LHW\,QSDUWLFXODUZHIRFXVHGRQWKH)OLQGHUV
6HQVLWLYHOLQH)6/UDWVZKLFKZDVSURSRVHGDVDJHQHWLFDQLPDOPRGHORI
GHSUHVVLRQDQGWRWKHHIIHFWRIH[SRVXUHWRDQDFXWHUHVWUDLQWDQGDFKURQLF
VRFLDOFRQÀLFWSDUDGLJPVWUHVVDQLPDOPRGHOVRIDQ[LHW\,QWKH)6/UDWV
13<OHYHOVDUHUHGXFHGLQVHYHUDOEUDLQUHJLRQVLQFOXGLQJWKHKLSSRFDPSDO
IRUPDWLRQDVFRPSDUHGWRWKHLUFRQWUROFRXQWHUSDUWVWKH)OLQGHUV5HVLVWDQW
/LQHUDWV$IWHUUHVWUDLQWVWUHVV&5)P51$H[SUHVVLRQZDVFKDQJHGLQWKH
FHQWUDODP\JGDODRIWKHFRQWUROV)5/UDWVEXWQRWLQWKH)6/UDWVLQGLFDWLQJ
WKDWWKH³GHSUHVVHG´)6/UDWVFRXOGKDYHDQDOWHUHGVHQVLWLYLW\WRVWUHVV)RO
ORZLQJDFXWHVWUHVVZHGHWHFWHGDQXSUHJXODWLRQRI13<P51$H[SUHVVLRQ
LQ WKH FRUWH[ DQGKLSSRFDPSXV DQGRI&5)P51$ LQ WKHSDUDYHQWULFXODU
QXFOHXVRIWKHK\SRWKDODPXV13<<DQG<UHFHSWRUVP51$ZDVGRZQ
UHJXODWHG ZKLOH 1RFLFHSWLQ UHFHSWRU 25/ H[SUHVVLRQ ZDV XSUHJXODWHG
LQ GLIIHUHQW VXEUHJLRQV RI WKH KLSSRFDPSXV2YHUDOO LQ DQLPDOV H[SRVHG
FKURQLFDOO\GD\VWRVRFLDOGHIHDWFKDQJHVVLPLODUWRWKRVHREVHUYHGLQ
WKHDFXWHVWUHVVHGDQLPDOVZHUHVHHQIRU<DQG25/UHFHSWRUV,QGLIIHU
HQWDQLPDOPRGHOVWKHKLSSRFDPSXVZDVWKHEUDLQUHJLRQZKHUHWKHPDMRU
FKDQJHVRFFXUUHGVXJJHVWLQJDNH\UROHRIKLSSRFDPSDOQHXURSHSWLGHVLQWKH
QHXURQDOSDWKZD\VOLQNHGWRVWUHVVDQGHPRWLRQDOUHVSRQVHV,QDGGLWLRQWKH
RSSRVLWH HIIHFWV LQ GLIIHUHQW SURWRFROV RQ25/ DQG< UHFHSWRUVP51$
LQGLFDWHV WKDW WKHUH FRXOG EH DQ LQWHUDFWLRQ EHWZHHQ WKH 1RFLFHSWLQ DQG
13<V\VWHPV ,QFRQFOXVLRQ WKHPRGXODWLRQRIGLIIHUHQWQHXURSHSWLGHUJLF
V\VWHPV VHHQ LQ D VHULHV RI PRGHOV RI GHSUHVVLRQ DQG DQ[LHW\ VXSSRUW D
SUHYLRXVSRVWXODWHGUROHRIQHXURSHSWLGHVLQVWUHVVUHODWHGGLVHDVHVVXFKDV
GHSUHVVLRQDQGDQ[LHW\
6
1HXURSHSWLGHVLQ&16RI'HSUHVVHG3DWLHQWVDQG´'HSUHVVHG´
$QLPDOV(IIHFWRI$QWLGHSUHVVDQW7UHDWPHQWV
$OHNVDQGHU$0DWKp
.DUROLQVND,QVWLWXWHW6WRFNKROP6ZHGHQ
3LHUUH%DXPDQQ+HQULHWWH+XVXP3DWULFLD-LPpQH]
*HRUJ1LNLVFK+DQVcJUHQ
0RQRDPLQHVDUH OLNHO\VXI¿FLHQWEXWQRWQHFHVVDU\IDFWRUV LQ WKHHWLRORJ\
DQG SDWKRSK\VLRORJ\ RI GHSUHVVLRQ DQG DFFXPXODWHG HYLGHQFH LQ WKH SDVW
WZRGHFDGHV LQGLFDWHV WKDWQHXURSHSWLGHVDOVRSOD\DUROH7KXV LQFUHDVHG
OHYHOV RI&5+ DQG GHFUHDVHG OHYHOV RI QHXURSHSWLGH< 13< KDYH EHHQ
IRXQG LQ FHUHEURVSLQDO ÀXLG &6) IURP GHSUHVVHG SDWLHQWV )XUWKHUPRUH
HOHFWURFRQYXOVLYH WUHDWPHQW (&7 DQG 665,V HJ FLWDORSUDP GHFUHDVH
&5+ DQG LQFUHDVH 13< FRQFHQWUDWLRQV LQ &6) IURP GHSUHVVHG SDWLHQWV
6LJQL¿FDQWFRUUHODWLRQVEHWZHHQQHXURSHSWLGHFKDQJHVDQGFOLQLFDOLPSURYH
PHQWKDYHEHHQIRXQG,QDQLPDOPRGHOVRIGHSUHVVLRQJHQHWLF)6/DQG)+
UDWVWUDLQVHQYLURQPHQWDOHDUO\OLIHPDWHUQDOVHSDUDWLRQ13<LVGHFUHDVHG
LQKLSSRFDPSXVDQGDOODQWLGHSUHVVDQWWUHDWPHQWPRGDOLWLHVVRIDUH[SORUHG
 (&7 665,V DQG OLWKLXP  QRUPDOL]H13<0RUHRYHU WDFK\NLQLQV HJ
QHXURNLQLQ$DSSHDUWREHDOWHUHGLQDVLPLODUPDQQHUWR13<
&XPXODWLYHO\WKHKXPDQDQGDQLPDOGDWDLQGLFDWHWKDWDOWHUHGH[SUHVVLRQRI
QHXURSHWLGHVSOD\VD UROH LQGHSUHVVLRQDQGFRQVWLWXWHVRQHPHFKDQLVPRI
DFWLRQRIDQWLGHSUHVVLYHWUHDWPHQWV
039#(/0(!2-!#/,/'9¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
*OXWDPDWH1HXURWUDQVPLVVLRQDVD7DUJHWLQ
3DWKRSK\VLRORJ\DQG3KDUPDFRORJ\RI$IIHFWLYH'LVRUGHUV
6
0566WXGLHVRI&RUWLFDO$PLQR$FLG1HXURWUDQVPLWWHUVLQ
'HSUHVVLRQ
*HUDUG6DQDFRUD
<DOH8QLYHUVLW\1HZ+DYHQ86$
'RXJODV5RWKPDQ-RKQ+.U\VWDO*UDHPH0DVRQ
2EMHFWLYHV ,QFUHDVLQJHYLGHQFHVXJJHVWV WKHDPLQRDFLGQHXURWUDQVPLWWHU
V\VWHPVFRQWULEXWH WR WKHSDWKRSK\VLRORJ\DQG WUHDWPHQWRIPDMRUGHSUHV
VLYHGLVRUGHU0''6SHFL¿FDOO\DOWHUHGFRQFHQWUDWLRQVRIERWK*$%$DQG
JOXWDPDWHJOXKDYHEHHQUHSRUWHGLQSODVPDFHUHEURVSLQDOÀXLGDQGEUDLQ
RIGHSUHVVHGVXEMHFWV7KHSULPDU\REMHFWLYHRIWKLVVHULHVRIVWXGLHVZDVWR
XVHLQYLYRPDJQHWLFUHVRQDQFHVSHFWURVFRS\WRH[DPLQHSRWHQWLDOGLIIHUHQF
HVLQWKHFRQWHQWRI*$%$DQGJOXLQWKHEUDLQVRIGHSUHVVHGLQGLYLGXDOV
0HWKRGV6XEMHFWVZLWK0''FRQ¿UPHGE\D6&,'ZHUHHQWHUHGLQWRWKH
VWXGLHV DIWHU FRPSOHWLQJ DQ LQIRUPHG FRQVHQW SURFHVV$OO VXEMHFWV ZHUH
PHGLFDWLRQ IUHH IRU D SHULRG RI DW OHDVW WZRZHHNV SULRU WR LQLWLDO 056
VWXGLHV3URWRQ+056VWXGLHVZHUHSHUIRUPHGDFFRUGLQJWRWKHPHWKRGV
GHVFULEHGE\5RWKPDQHWDO5RWKPDQDQG&DUERQ&056VWXG
LHVZHUHSHUIRUPHGDFFRUGLQJWRWKHPHWKRGVGHVFULEHGE\6KHQRQ
7DQG7V\VWHPV(IIHFWVRIWUHDWPHQWZHUHGHWHUPLQHGE\UHSHDWHG
056VWXGLHVDIWHUDSHULRGWUHDWPHQW
5HVXOWV2FFLSLWDOFRUWH[*$%$FRQFHQWUDWLRQVZHUHVLJQL¿FDQWO\GHFUHDVHG
DQGJOXFRQFHQWUDWLRQVZHUH LQFUHDVHG LQ WKHEUDLQVRIGHSUHVVHG VXEMHFWV
6DQDFRUD7KHGLIIHUHQFHVDSSHDUPRVWGUDPDWLFDQGFRQVLVWHQW LQ
VXEMHFWVZLWK0''KDYLQJPHODQFKROLFDQGSV\FKRWLFIHDWXUHV3UHOLPLQDU\
VWXGLHV XVLQJ &056PHWKRGV VXJJHVW WKDW WKH DOWHUHG*$%$ DQG JOX
OHYHOVLQ0''DUHDVVRFLDWHGZLWKGHFUHDVHGUDWHVRI*$%$V\QWKHVLVDQG
JOXWDPDWHJOXWDPLQHF\FOLQJ)XUWKHUPRUHWKHFRQFHQWUDWLRQVRI*$%$DS
SHDUQRUPDOL]HGIROORZLQJWUHDWPHQWZLWK(&76DQDFRUDDQG665,
PHGLFDWLRQV6DQDFRUD
&RQFOXVLRQV7KLVVHULHVRIVWXGLHVVXJJHVWWKDWDEQRUPDOLWLHVLQDPLQRDFLG
QHXURWUDQVPLWWHUV\VWHPVDUHIRXQGLQWKHEUDLQVRIDVXEVHWRILQGLYLGXDOV
ZLWK0''3UHOLPLQDU\GDWDSRLQWWRZDUGDOWHUHGUDWHVRIPHWDEROLVPWKDW
PD\EHUHODWHGWRGH¿FLWVLQJOLDOFHOOIXQFWLRQ,QWHUHVWLQJO\WUHDWPHQWZLWK
HLWKHU (&7 RU 665, PHGLFDWLRQV QRUPDOL]HG WKH PHDVXUHV WKHUHE\ VXJ
JHVWLQJWKDW WKHDOWHUHGIXQFWLRQRI WKHVHV\VWHPVPD\EHWLHGWR WKHEDVLF
SDWKRSK\VLRORJ\DQGWUHDWPHQWRIWKHGLVRUGHU
5HIHUHQFHV
5RWKPDQ'//RFDOL]HG+105PHDVXUHPHQWVRIJDPLQREXW\ULF
DFLGLQKXPDQEUDLQLQYLYR³31$686$
6DQDFRUD*6XEW\SHVSHFL¿FDOWHUDWLRQVRI*$%$DQGJOXWDPDWHLQ
PDMRUGHSUHVVLRQ$UFK*HQ3V\FK
6DQDFRUD*  ,QFUHDVHG RFFLSLWDO FRUWH[*$%$ FRQFHQWUDWLRQV IRO
ORZLQJHOHFWURFRQYXOVLYHWKHUDS\LQGHSUHVVHGSDWLHQWV$P-3V\FK

6DQDFRUD *  ,QFUHDVHG RFFLSLWDO FRUWH[ *$%$ FRQFHQWUDWLRQV LQ
GHSUHVVHGSDWLHQWVDIWHUWKHUDS\ZLWKVHOHFWLYHVHURWRQLQUHXSWDNHLQKLELWRUV
$P-3V\FK
6KHQ-'HWHUPLQDWLRQRIWKHUDWHRIWKHJOXWDPDWHJOXWDPLQHF\FOHLQ
WKHKXPDQEUDLQE\LQYLYR&10531$686$
6
*OXWDPDWHUJLF7UDQVPLVVLRQLQ'HSUHVVLRQ

:D\QH'UHYHWV
1,+1,0+6HFWLRQRQ1HXURLPDJLQJRI0RRGDQG$Q[LHW\
'LVRUGHUV86$
2EMHFWLYHV ,PDJLQJ VWXGLHV RIPDMRU GHSUHVVLYH GLVRUGHU 0'' LGHQWL
¿HGDEQRUPDOLWLHVRIEUDLQVWUXFWXUHLQRUELWDODQGPHGLDOSUHIURQWDOFRUWH[
3)&PHVLRWHPSRUDOFRUWH[DQGEDVDOJDQJOLDUHJLRQV WKDWSDUWLFLSDWH LQ
WKHPRGXODWLRQRIHPRWLRQDOEHKDYLRU7KHVHDEQRUPDOLWLHV LQFOXGHUHGXF
WLRQVRIJUH\PDWWHUYROXPHWKDWSHUVLVWDFURVVLOOQHVVHSLVRGHVDQGLQVRPH
FDVHVFRUUHODWHZLWKWLPHVSHQWXQPHGLFDWHGDQGGHSUHVVHG,QSRVWPRUWHP
VWXGLHVWKHKLVWRSDWKRORJLFDOFRUUHODWHVRIWKHVHYROXPHUHGXFWLRQVLQFOXGH
ORVVRIV\QDSWLFFRQWDFWVLQFUHDVHGQHXURQDOGHQVLW\DQGUHGXFWLRQVLQJOLDO
FHOOV PDUNHUV HVSHFLDOO\ ROLJRGHQGURJOLD 7KHVH ¿QGLQJV UHVHPEOH WKH
QHXURSODVWLFFKDQJHVSURGXFHGLQKRPRORJRXVVWUXFWXUHVRIURGHQWVGXULQJ
UHSHDWHG VWUHVV YLD D SURFHVV GHSHQGHQW RQ LQWHUDFWLRQV EHWZHHQ JOXFR
FRUWLFRLG VHFUHWLRQ DQG10'$ UHFHSWRU VWLPXODWLRQ7KH0''VXEW\SHV
PDQLIHVWLQJEUDLQ VWUXFWXUDO DEQRUPDOLWLHV DOVRKDYH LQFUHDVHGFRUWLVRO VH
FUHWLRQDQGHYLGHQFHIRUH[FHVVLYHJOXWDPDWHUJLFWUDQVPLVVLRQSRVWPRUWHP
VXJJHVWLQJWKHLUVWUXFWXUDODEQRUPDOLWLHVPD\EHUHODWHGWRH[FLWDWRU\QHXUR
WUDQVPLVVLRQ7KHJOXFRVHPHWDEROLFVLJQDOPHDVXUHGE\3(7LVGRPLQDWHG
E\JOXWDPDWHUJLFWUDQVPLVVLRQVRPHWDEROLVPZDVDVVHVVHGLQ0''
0HWKRGV 5HJLRQDO JOXFRVH PHWDEROLVP PHDVXUHG XVLQJ 3(7 DQG >)
@)'*ZDVFRPSDUHGEHWZHHQ0''DQGKHDOWK\FRQWUROVDPSOHVEHWZHHQ
XQPHGLFDWHGGHSUHVVHGDQGXQPHGLFDWHGUHPLWWHGSKDVHVRI0''DQGEH
WZHHQ XQPHGLFDWHGGHSUHVVHG DQG DQWLGHSUHVVDQWPHGLFDWHG GHVLSUDPLQH
RU665,SKDVHVRI0''5HJLRQDOJUH\PDWWHUYROXPHVZHUHDVVHVVHGLQ
WKHVDPHVDPSOHVXVLQJ05,
5HVXOWV 0HWDEROLVP ZDV HOHYDWHG LQ GHSUHVVHG VXEMHFWV UHODWLYH ERWK WR
FRQWUROVDQGWRWKHPVHOYHVGXULQJWKHUHPLWWHGDQGWUHDWHGVWDWHVLQUHJLRQV
ZKHUHJUH\PDWWHUORVVH[LVWLQ0''
&RQFOXVLRQV7KHVH GDWD VXSSRUW RWKHU HYLGHQFH WKDW JOXWDPDWHUJLF WUDQV
PLVVLRQ LV HOHYDWHG LQ OLPELFFRUWLFDO FLUFXLWV GXULQJ GHSUHVVLRQ 7KH FR
RFFXUUHQFHRI WKLV¿QGLQJ DQG FRULVRO K\SHUVHFUHWLRQ LQ WKHVH GHSUHVVLYHV
VXJJHVWV WKDW WKHJUH\PDWWHUYROXPHWULF UHGXFWLRQVPD\SDUWO\ UHÀHFW WKH
GHQGULWLFDWURSK\LQGXFHGE\UHSHDWHGVWUHVVLQURGHQWV0HWDEROLVPUHWXUQHG
WRQRUPDWLYHOHYHOVGXULQJFKURQLFDQWLGHSUHVVDQWGUXJWUHDWPHQWFRPSDW
LEOH ZLWK ¿QGLQJV WKDW LQ URGHQWV FKURQLF DGPLQLVWUDWLRQ RI WKHVH DJHQWV
GHVHQVLWL]HV10'$UHFHSWRUVDQGDWWHQXDWHVJOXWDPDWHWUDQVPLVVLRQ
5HIHUHQFHV
'UHYHWV:&1HXURSODVWLFLW\LQPRRGGLVRUGHUV'LDORJXHVLQ&OLQLFDO1HX
URVFLHQFH
6
*OXWDPDWHUJLF0HFKDQLVPVLQWKH$FWLRQRI$QWLGHSUHVVDQWV
0DXUL]LR3RSROL
&HQWHURI1HXURSKDUPDFRORJ\'HSW3KDUPDFRO6FL
8QLYHUVLW\RI0LODQR,WDO\
/DXUD0XVD]]L*LRUJLR5DFDJQL*LDPEDWWLVWD%RQDQQR
/XFD5DLWHUL0DXUL]LR5DLWHUL5REHUWR*LDPEHOOL-RUJH3HUH]
2EMHFWLYHV*OXWDPDWHUJLFQHXURWUDQVPLVVLRQKDVEHHQ LQYROYHG LQSDWKR
SK\VLRORJ\RIPRRGGLVRUGHUVDQGLQWKHDFWLRQRIDQWLGHSUHVVDQWV6HYHUDO
OLQHVRIHYLGHQFH VKRZHG WKDWJOXWDPDWHQHXURWUDQVPLVVLRQDQGJOXWDPDWH
OHYHOV DUH HOHYDWHG LQ FRUWLFDOOLPELF EUDLQ DUHDV RI GHSUHVVHG SDWLHQWV
10'$UHFHSWRUGHSHQGHQWQHXURWUDQVPLVVLRQLVLQFUHDVHGIROORZLQJVWUHVV
DQGDQWLGHSUHVVDQWWUHDWPHQWVPD\RYHUFRPHWKHHIIHFWVRIVWUHVVRQV\QDSWLF
SODVWLFLW\
0HWKRGV 5DWV ZHUH DFXWHO\ DQG FKURQLFDOO\ WUHDWHG ZLWK WKUHH GLIIHUHQW
DQWLGHSUHVVDQWV UHER[HWLQH ÀXR[HWLQH GHVLSUDPLQH PJNJ ZHHNV
6\QDSWLF WHUPLQDOV V\QDSWRVRPHV ZHUH 3HUFROOSXUL¿HG IURP KLSSRFDP
SXV DQGEDVDO DVZHOO DV.&ORU LRQRP\FLQHYRNHG UHOHDVHRIJOXWDPDWH
DQG*$%$ZDVDVVD\HGE\XVLQJDVXSHUIXVLRQDSSDUDWXVDQGUHYHUVHSKDVH
+3/&5DLWHULDQG5DLWHUL([SUHVVLRQRISUHV\QDSWLFSURWHLQVDQG
SURWHLQSURWHLQLQWHUDFWLRQVZHUHVWXGLHGE\:HVWHUQEORWDQGFRLPPXQRSUH
FLSLWDWLRQUHVSHFWLYHO\%RQDQQRHWDO
5HVXOWV&KURQLFEXWQRWDFXWHWUHDWPHQWZLWKDOOGUXJVPDUNHGO\UHGXFHG
GHSRODUL]DWLRQHYRNHG UHOHDVH RI JOXWDPDWH VWLPXODWHG E\  RU  P0
.&OEXWQRWUHOHDVHRI*$%$%DVDOUHOHDVHZDVQRWDIIHFWHG,QV\QDSWLF
PHPEUDQHVRIFKURQLFDOO\WUHDWHGUDWVZHIRXQGDPDUNHGUHGXFWLRQLQWKH
SURWHLQSURWHLQLQWHUDFWLRQEHWZHHQV\QWD[LQDQG7KUSKRVSKRU\ODWHG
Į&D0NLQDVH,,DQLQWHUDFWLRQSUHYLRXVO\SURSRVHGWRSURPRWHQHXURWUDQV
PLWWHUUHOHDVHDQGDPDUNHGLQFUHDVHLQWKHLQWHUDFWLRQEHWZHHQV\QWD[LQ
DQG0XQF DQ LQWHUDFWLRQSURSRVHG WR UHGXFHQHXURWUDQVPLWWHU UHOHDVH
)XUWKHUPRUHZHIRXQGDVHOHFWLYHUHGXFWLRQLQWKHH[SUHVVLRQOHYHORIWKH
WKUHHSURWHLQVIRUPLQJWKHFRUH61$5(SUHV\QDSWLFFRPSOH[
&RQFOXVLRQV7KHVH¿QGLQJVFOHDUO\LQGLFDWHWKDWGDPSHQLQJJOXWDPDWHQHX
URWUDQVPLVVLRQLQKLSSRFDPSXVLVDFRPPRQHIIHFWRIDQWLGHSUHVVDQWVOLNHO\
UHSUHVHQWLQJ D FRPSRQHQW LQ WKH WKHUDSHXWLF DFWLRQ RI WKHVH FRPSRXQGV
7KLVHIIHFWLVGXHWRVHOHFWLYHPRGL¿FDWLRQVLQWKHSURWHLQSUHV\QDSWLFPD
FKLQHU\VXJJHVWLQJWKDWDQWLGHSUHVVDQWVPD\UHSUHVHQWDXVHIXOWRROIRUWKH
VWXG\RIUHODWLRQVKLSEHWZHHQIXQFWLRQDODQGPROHFXODUSURFHVVHVLQQHUYH
WHUPLQDOV
039#(/0(!2-!#/,/'9¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
5HIHUHQFHV
5DLWHUL / 5DLWHUL 0  6\QDSWRVRPHV VWLOO YLDEOH DIWHU  \HDUV RI
VXSHUIXVLRQ1HXURFKHP5HV
%RQDQQR**LDPEHOOL55DLWHUL/7LUDERVFKL(=DSSHWWLQL60XVD]]L
/5DLWHUL05DFDJQL*3RSROL0&KURQLFDQWLGHSUHVVDQWVUHGXFH
GHSRODUL]DWLRQHYRNHG JOXWDPDWH UHOHDVH DQG SURWHLQ LQWHUDFWLRQV IDYRULQJ
IRUPDWLRQRI61$5(FRPSOH[LQKLSSRFDPSXV-1HXURVFLHQFHLQSUHVV
6
7UDQVJHQLF$QLPDOVWR([SORUHP*OX5HFHSWRUVLQ3V\FKLDWULF
,OOQHVV
'DUU\OH'6FKRHSS
(OL/LOO\DQG&RPSDQ\86$
0HOY\Q%DH]0DUFHOOH%HUJHURQ$QQL0DLMD/LQGHQ
2EMHFWLYHV*OXWDPDWH WKHPDMRUH[FLWDWRU\QHXURWUDQVPLWWHULQWKHPDP
PDOLDQFHQWUDOQHUYRXVV\VWHPLVDIXQGDPHQWDOUHJXODWRURI&16H[FLWDELO
LW\ DQG SODVWLFLW\'UXJV WKDWPRGXODWH WKH DFWLRQV RI JOXWDPDWH UHSUHVHQW
WKHUDSHXWLF DSSURDFKHV IRU SV\FKLDWULF DQG QHXURORJLFDO FRQGLWLRQV 7KH
DFWLRQVRIJOXWDPDWHDUHPHGLDWHGYLDWZRPDMRUW\SHVRIUHFHSWRUVWHUPHG
ÄLRQRWURSLF³ OLJDQGJDWHG LRQ FKDQQHOV DQG ÄPHWDERWURSLF³ *SURWHLQ
FRXSOHG WR HIIHFWRUVP*OX UHFHSWRUV7KHUHDUH HLJKWP*X UHFHSWRU VXE
W\SHVP*OXWKDWDUHGLIIHUHQWLDOO\GLVWULEXWHGWKURXJKRXWWKH&16DQG
YDULRXVSHULSKHUDOWLVVXHVDQGIXQFWLRQDVSUHV\QDSWLFSRVWV\QDSWLFDQG
JOLDOPRGXODWRUVRIJOXWDPDWHQHXURWUDQVPLVVLRQ/<LVDSRWHQWDQG
VHOHFWLYH DJRQLVW IRU JURXS ,, PHWDERWURSLF JOXWDPDWH P*OX UHFHSWRUV
P*OXDQGP*OXUHFHSWRUVZLWKDQ[LRO\WLFOLNHDFWLYLW\LQDQLPDOPRGHOV
RIDQ[LHW\DQGHDUO\FOLQLFDOVWXGLHVLQDQ[LHW\SDWLHQWV+RZHYHUWKHDQ[L
RO\WLFPHFKDQLVPRI/<LVQRWZHOOXQGHUVWRRG
0HWKRGV6HSDUDWHP*OXDQGP*OXUHFHSWRUVZHUHJHQHUDWHGE\KRPROR
JRXVUHFRPELQDWLRQDVGHVFULEHGE\/LQGHQHWDO0*OXDQGP*OX
NQRFNRXW PLFH ZHUH WHVWHG LQ VHSDUDWH H[SHULPHQWV ZLWK DJHPDWFKHG
ZLOGW\SHFRQWUROVIRUFKDQJHVLQWKHLUSKHQRW\SHSHUVHXVLQJHOHYDWHGSOXV
PD]H WHVW DQG WKHLU UHVSRQVH WR WKHP*OX UHFHSWRU DJRQLVW /<
6XEVHTXHQWO\FKDQJHVLQEUDLQF)RVZHUHWKHXVHGWRPDSWKHEUDLQUHJLRQV
DQGFLUFXLWVUHVSRQVLEOHIRUWKHDQ[LRO\WLFDFWLRQVRIWKLVFRPSRXQG
5HVXOWV :KHQ FRPSDUHG WR DJHPDWFKHG ZLOGW\SH FRQWUROV P*OX RU
P*OXNQRFNRXWPLFHGLGQRWH[SUHVVDSURPLQHQWDQ[LHW\OLNHSKHQRW\SH
SHUVH LQ WKHHOHYDWHGSOXVPD]HWHVW+RZHYHU WKHDQ[LRO\WLFOLNHDFWLRQV
RI/<RQHOHYDWHGSOXVPD]HZHUHDEROLVKHGLQERWKP*OXUHFHS
WRU NQRFNRXW DQG P*OX UHFHSWRU NQRFNRXW PLFH /LQGHQ HW DO 
6XEVHTXHQWO\ZHVWXGLHGWKHHIIHFWRIGHOHWLQJWKHVHUHFHSWRUVRQEDVDODV
ZHOODV/<LQGXFHGF)RVH[SUHVVLRQLQFHQWUDOVWUHVVIHDUSDWKZD\V
/<DGPLQLVWUDWLRQ WRZLOGW\SHPLFH LQFUHDVHGF)RVH[SUHVVLRQ LQ
VSHFL¿FOLPELFUHJLRQVLQFOXGLQJWKHODWHUDOGLYLVLRQRIWKHFHQWUDOQXFOHXV
RIWKHDP\JGDOD&H/DQGGRUVRODWHUDOEHGQXFOHXVRIWKHVWULDWHUPLQDOLV
%167 7KH /<LQGXFHG F)RV H[SUHVVLRQ LQ DOO WKHVH UHJLRQV
ZDVFRPSOHWHO\DEROLVKHGE\P*OXEXWQRWP*OXUHFHSWRUGHOHWLRQ,Q
FRQWUDVWF)RVH[SUHVVLRQZDVVLJQL¿FDQWO\ LQFUHDVHG LQ WKHKLSSRFDPSXV
RIP*OXEXWQRWP*OX UHFHSWRUNQRFNRXWPLFHFRPSDUHG WRZLOGW\SH
PLFH
&RQFOXVLRQV 7KHVH UHVXOWV VXJJHVW WKDW HQKDQFHG QHXURQDO DFWLYDWLRQ LQ
VSHFL¿FOLPELFUHJLRQVLQFOXGLQJWKHH[WHQGHGFHQWUDODP\JGDODDQGVXS
SUHVVLRQRIQHXURQDODFWLYLW\ LQ WKHKLSSRFDPSXVDSSHDU LPSRUWDQWIRU WKH
DQ[LRO\WLFHIIHFWVRIP*OXUHFHSWRUDJRQLVWVVXFKDV/<
5HIHUHQFHV
/LQGHQ$06KDQQRQ+%DH]0<X-.RHVWHU$DQG6FKRHSS''
$Q[LRO\WLFDFWLYLW\RIWKHP*OXUHFHSWRUDJRQLVW/<LVDEVHQWLQ
P*OXDQGP*OXUHFHSWRUNQRFNRXWPLFH3V\FKRSKDUPDFRORJ\LQSUHVV
6
$QWLGHSUHVVDQWOLNH$FWLYLW\RI*URXS,,,0HWDERWURSLF
*OXWDPDWH5HFHSWRU/LJDQGV
$QGU]HM3LOF
,QVWLWXWHRI3KDUPDFRORJ\3ROLVK$FDG6FL3RODQG
*DEULHO1RZDN$JQLHV]ND3DOXFKD
2EMHFWLYHV ,Q VSLWH RIPRUH WKHQ  \HDUV RI WKRURXJK VWXGLHV FRQYHQ
WLRQDODQWLGHSUHVVDQWVVWLOOKDYHPDQ\OLPLWDWLRQVZKLFKKLQGHUWKHHIIHFWLYH
WUHDWPHQW&RQYHUJLQJOLQHVRIHYLGHQFHLQGLFDWHWKDWJOXWDPDWHUJLFV\VWHP
PLJKWEHRQHRISURPLVLQJWDUJHWVRIDQRYHODQWLGHSUHVVDQWWKHUDS\/LWWOH
LV NQRZQ DERXW SRWHQWLDO DQWLGHSUHVVDQWOLNH DFWLYLW\ RI JURXS ,,,P*OX5
OLJDQGV ,Q FRQWUDGLFWLRQ WR RWKHU JURXSV RIP*OX UHFHSWRUV DOO JURXS ,,,
P*OX5DJRQLVWVV\QWKHVL]HGVRIDUDUHQRWV\VWHPLFDOO\DFWLYHVRWKH\KDYH
WREHDGPLQLVWHUHG
0HWKRGV ([SHULPHQWVZHUH SHUIRUPHG RQPDOH:LVWDU UDWV  J
7RHYDOXDWHDQWLGHSUHVVDQWOLNHHIIHFWVRIWKHWHVWHGGUXJVWKHIRUFHGVZLP
PLQJWHVW)67ZDVSHUIRUPHGDIWHULQWUDFHUHEURYHQWULFXODULQMHFWLRQV7KH
ORFRPRWRUDFWLYLW\RIUDWVZDVDOVRLQYHVWLJDWHG$JRQLVWVZHUHJLYHQPLQ
EHIRUHWKHWHVWLQDYROXPHRIȝOVLWH$QDQWDJRQLVWZDVJLYHQPLQEH
IRUHWKHWHVWLHPLQEHIRUHWKHDJRQLVWDGPLQLVWUDWLRQLQDYROXPHRI
ȝOVLWH7KHIROORZLQJVXEVWDQFHVZHUHWHVWHG656DPLQRF\FORSHQ
WDQHWULFDUER[\OLGDFLG$&37,WKHVHOHFWLYHJURXS,,,P*OXUHFHS
WRUDJRQLVW56SKRVSKRQRSKHQ\OJO\FLQH5633*P*OX5DJRQLVW
13KHQ\OK\GUR[\LPLQRF\FORSURSD FKURPHQ FDUERNVDPLGH 3+&&&
DSRVLWLYHDOORVWHULFPRGXODWRURIP*OXDUHFHSWRUV56DOSKDF\FORSUR
S\OSKRVSKRQRSKHQ\OJO\FLQH&33*DJURXS,,,P*OX5DQWDJRQLVW
5HVXOWV 7KH UHVXOWV VKRZHG WKDW D VHOHFWLYH JURXS ,,, P*OX5 DJRQLVW
$&37, DV ZHOO DV P*OX5 DJRQLVW 5633* SURGXFHG D GRVHGHSHQGHQW
GHFUHDVHLQWKHLPPRELOLW\WLPHRIUDWVLQWKH)670RUHRYHUWKHHIIHFWRI
$&37,ZDVUHYHUVHGE\&33*DSRWHQWJURXS,,,P*OX5DQWDJRQLVWZKLFK
LWVHOIGLGQRWFKDQJHWKHEHKDYLRURIUDWVLQWKHWHVW7KHGRVHVRIJURXS,,,
P*OX5DJRQLVWVZKLFKZHUHHIIHFWLYHLQWKH)67GLGQRWFKDQJHORFRPRWRU
DFWLYLW\RIUDWV3+&&&DSRVLWLYHDOORVWHULFPRGXODWRURIP*OXDGLGQRW
LQÀXHQFHEHKDYLRURI UDWV LQ WKH WHVW+RZHYHU LW VLJQL¿FDQWO\SRWHQWLDWHG
WKHHIIHFWRIVXEHIIHFWLYHGRVHRI$&37,$&37,DQG$&37,3+&&&
LQGXFHGHIIHFWVZHUHEORFNHGE\&33*DJURXS,,,DQWDJRQLVW
&RQFOXVLRQV *URXS ,,, P*OX UHFHSWRU OLJDQGV SURGXFH DQWLGHSUHVVDQW
OLNHHIIHFWVLQUDWV,WFDQEHVSHFXODWHGWKDWWKHPHFKDQLVPUHVSRQVLEOHIRU
DQWLGHSUHVVDQWOLNHDFWLYLW\RIJURXS,,,P*OX5DJRQLVWV LVUHODWHGWR WKHLU
DELOLW\WRGHSUHVVJOXWDPDWHUHOHDVHLQH[FLWDWRU\V\QDSVH,WLVRILQWHUHVWWKDW
FOLQLFDOO\DFWLYHDQWLGHSUHVVDQWGUXJVKDYHEHHQVKRZQWRUHGXFHJOXWDPDWH
UHOHDVHLQWKHUDWFHUHEUDOFRUWH[
6
1HXURSHSWLGHVDV7DUJHWVIRU1RYHO1HXURSV\FKLDWULF'UXJV
6
$1HXURWHQVLQ$JRQLVW17/IRU1HXURSV\FKLDWULF'LVHDVHV
(OOLRWW5LFKHOVRQ
0D\R&OLQLF86$
2EMHFWLYHV1HXURWHQVLQ17LVDDPLQRDFLGSHSWLGHQHXURWUDQVPLWWHU
LQWKHFHQWUDOQHUYRXVV\VWHPZKHUHLWLQWHUDFWVODUJHO\ZLWKGRSDPLQHUJLF
V\VWHPV$OO WKH NQRZQ DFWLYLW\ RI 17 DOVR RFFXUV ZLWK 17
ZKLFKLVQRWQDWXUDOO\IRXQGLQEUDLQ17FDXVHVLWVHIIHFWVE\DFWLYDWLQJRQH
RIDWOHDVWUHFHSWRUVWZRRIZKLFK176DQG17VDUHFODVVLFDO*SURWHLQ
FRXSOHGUHFHSWRUV17KDVEHHQLPSOLFDWHGLQWKHSDWKRSK\VLRORJ\RIVHYHUDO
QHXURSV\FKLDWULFGLVHDVHVLQFOXGLQJVFKL]RSKUHQLD3DUNLQVRQ¶VGLVHDVHDQG
SV\FKRVWLPXODQWDEXVH(YLGHQFHVXJJHVWVWKDWD17UHFHSWRUDJRQLVWZRXOG
EHDGUXJWRWUHDW WKHVHGLVRUGHUV7KHUHIRUH WKHREMHFWLYHRIRXUUHVHDUFK
KDVEHHQ WRGHYHORSFRPSRXQGV WKDWVWLPXODWH17UHFHSWRUV LQEUDLQDIWHU
DGPLQLVWUDWLRQRXWVLGHWKHEUDLQ+HUHZHUHSRUWWKHSKDUPDFRORJLFDOHIIHFWV
RIRQHRIRXUFRPSRXQGV17/ZKLFKLVDQDQDORJRI17ZLWKWKH
VHTXHQFH1PHWK\O$UJ//\V/3UR/QHR7USWHUW/HX//HXZKHUHQHR
7USLVDQRYHOUHJLRLVRPHURIWU\SWRSKDQ
0HWKRGV ,Q YLWUR VWXGLHV ZHUH GRQH WR PHDVXUH VWDELOLW\ WR GHJUDGDWLRQ
E\SHSWLGDVHVDQGDI¿QLW\ IRUELQGLQJ WR176 ,QYLYREHKDYLRXUDO VWXG
LHVZHUH GRQH LQ URGHQWV DQG LQPRQNH\V WR WHVW WKH DELOLW\ RI17/ WR
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FDXVHK\SRWKHUPLDDQWLQRFLFHSWLRQDQGHIIHFWVSUHGLFWLYHRIDQWLSV\FKRWLF
DFWLYLW\
5HVXOWV17/LVVWDEOHWRGHJUDGDWLRQE\SHSWLGDVHVDQGKDVKLJKDI¿Q
LW\IRU176DQG176,QURGHQWVDQGLQPRQNH\VLWFDXVHVK\SRWKHUPLD
DQG DQWLQRFLFHSWLRQ ,Q URGHQWV LW EORFNV DSRPRUSKLQHLQGXFHG FOLPELQJ
UHYHUVHV WKH GLVUXSWLRQ RI SUHSXOVH LQKLELWRU FDXVHG E\ 'DPSKHWDPLQH
DQG GL]RFLOSLQH EORFNV K\SHUDFWLYLW\ FDXVHG E\ SV\FKRVWLPXODQWV EORFNV
KDORSHULGROLQGXFHGFDWDOHSV\DQGEORFNVURWDWLRQDOEHKDYLRXUFDXVHGE\'
DPSKHWDPLQHRUDSRPRUSKLQHLQUDWVOHVLRQHGRQRQHVLGHRIWKHQLJURVWULDWDO
SDWKZD\ZLWKK\GUR[\GRSDPLQH
&RQFOXVLRQV17/SDVVHVWKHEORRGEUDLQEDUULHUEDVHGRQLWVEHKDYLRUDO
HIIHFWVDQGEHKDYHVOLNHDQDW\SLFDODQWLSV\FKRWLFGUXJLQVHYHUDOEHKDYLRUDO
DQGELRFKHPLFDOWHVWVLQUDWV,WLVDSRWHQWDQWLQRFLFHSWLYHDQGK\SRWKHUPLF
DJHQW PLFH UDWV UKHVXVPRQNH\V7KHVH GDWD VXJJHVW WKDW LWZLOO EH DQ
HIIHFWLYH WUHDWPHQW IRU VFKL]RSKUHQLD 3DUNLQVRQ¶V GLVHDVH DQG SV\FKRV
WLPXODQWDEXVH
5HIHUHQFHV
0F0DKRQ%0%RXOHV0:DUULQJWRQ/ DQG5LFKHOVRQ( 1HXUR
WHQVLQ DQDORJV ,QGLFDWLRQV IRU XVH DV SRWHQWLDO DQWLSV\FKRWLF FRPSRXQGV
/LIH6FLHQFHV
5LFKHOVRQ(%RXOHV0DQG)UHGULFNVRQ31HXURWHQVLQDJRQLVWVSRV
VLEOHGUXJVIRUWUHDWPHQWRISV\FKRVWLPXODQWDEXVH/LIH6FL
)DQWHJURVVL :( .R 0&+ :RRGV -+ DQG 5LFKHOVRQ (  $QWLQR
FLFHSWLYH K\SRWKHUPLF K\SRWHQVLYH DQG UHLQIRUFLQJ HIIHFWV RI D QRYHO
QHXURWHQVLQ UHFHSWRU DJRQLVW 17/ LQ UKHVXV PRQNH\V 3KDUPDFRORJ\
%LRFKHPLVWU\DQG%HKDYLRU,QSUHVV
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6XEVWDQFH35HFHSWRU$QWDJRQLVWVDV$QWLGHSUHVVDQWVDQG
$Q[LRO\WLFV
.ODXV/LHE
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\RI
)UHLEXUJ*HUPDQ\
,QJD+HUSIHU
2EMHFWLYHV7KHUHLVLQFUHDVLQJHYLGHQFHWKDWWKHQHXURSHSWLGHVVXEVWDQFH3
63DQG1HXURNLQLQ$1.$DUHRISRWHQWLDOLQWHUHVWIRUWKHHWLRSDWKRORJ\
RIDIIHFWLYHDQGDQ[LHW\GLVRUGHUV7KLVHYLGHQFHFRPHVIURPERWKDQLPDO
DQGKXPDQVWXGLHVGHPRQVWUDWLQJWKDWDQWDJRQLVWVDWWKHUHVSHFWLYH1HXUR
NLQLQDQG1HXURNLQLQUHFHSWRUVH[HUWDQWLGHSUHVVDQWSUR¿OHVVLPLODUWR
FODVVLFDODQWLGHSUHVVDQWV
0HWKRGV7KLVSDSHUJLYHVDQUHYLHZRQWKHFXUUHQWVWDWHRIWKHDUW
5HVXOWV7KHFXUUHQWHYLGHQFHRI63DQG1.$DVSRWHQWLDOGHSUHVVLRJHQLF
SHSWLGHVDQGWKHUROHRI1.DQG1.UHFHSWRUDQWDJRQLVWVWRWUHDWPDMRU
GHSUHVVLYHGLVRUGHUVZLOOEHFULWLFDOO\GLVFXVVHG7KLVGLVFXVVLRQZLOO DOVR
LQFOXGH SUHFOLQLFDO GDWD VKRZLQJ D FRPSOH[ LQWHUSOD\ EHWZHHQ WKH WKUHH
QHXURNLQLQUHFHSWRUV1.1.1.UHFHSWRU
&RQFOXVLRQV7KHFRPSOH[LQWHUSOD\EHWZHHQWKHWKUHHQHXURNLQLQUHFHSWRUV
LVSUREDEO\RIFULWLFDOLPSRUWDQFHIRUWKHIXUWKHUGHYHORSPHQWRI1.UHFHS
WRUDQWDJRQLVWVDVDQWLGHSUHVVDQWV
5HIHUHQFHV
.UDPHU06HWDO'HPRQVWUDWLRQRIWKHHI¿FDF\DQGVDIHW\RIDQRYHO
VXEVWDQFH31.UHFHSWRUDQWDJRQLVWLQPDMRUGHSUHVVLRQ1HXURSV\FKRS
KDUPDFRORJ\
+HUSIHU,/LHE.6XEVWDQFH3DQG6XEVWDQFH3UHFHSWRUDQWDJRQLVWV
LQWKHSDWKRJHQHVLVDQGWUHDWPHQWRIDIIHFWLYHGLVRUGHUV:RUOG-%LRO3V\
FKLDWU\
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,QKLELWRUVRI(QNHSKDOLQ&DWDEROLVP$1HZ7RROLQ'XDO
'LVRUGHUV
)ORUHQFH1REOH
8QLYHUVLWp5HQp'HVFDUWHV,16(50&156)UDQFH
2EMHFWLYHV7KHHQGRJHQRXVRSLRLGV\VWHPDQG LVWHQGRJHQRXVRSSRQHQW
V\VWHPV DUH RIWHQ DVVXPHG WR SOD\ D UROH LQ YXOQHUDELOLW\ WR GUXJ DEXVH
+RZHYHU FRQWURYHUVLDO UHVXOWV KDYHEHHQ UHSRUWHG UHJDUGLQJ WKH OHYHOVRI
HQNHSKDOLQVRUSUHSURHQNHSKDOLQLQQHXURQVRIURGHQWEUDLQVIROORZLQJRSL
DWHDGPLQLVWUDWLRQ
0HWKRGV7KHSUHVHQWVWXG\ZDVFDUULHGRXWWRGHWHUPLQHWKHH[WUDFHOOXODU
OHYHOVRIHQNHSKDOLQVDQG LWVSK\VLRORJLFDODQWDJRQLVW&&.XVLQJ LQYLYR
PLFURGLDO\VLVLQIUHHO\PRYLQJUDWVIROORZLQJPRUSKLQHLQGXFHGSK\VLFDORU
SV\FKLFGHSHQGHQFH
5HVXOWV:HKDYHVKRZQWKDWWKH0HWHQNHSKDOLQRXWÀRZLQWKHQXFOHXVDF
FXPEHQVLVPRGL¿HGE\WKHLQGXFWLRQRIGHSHQGHQFHXVLQJWKHFRQGLWLRQHG
SODFHSUHIHUHQFHSDUDGLJP,QWKLVWHVWDQLPDOVZHUHFRQ¿QHGDOWHUQDWLYHO\
LQGLVWLQFWFRPSDUWPHQWVXQGHUUHLQIRUFHGPRUSKLQHLQMHFWLRQRUQRQUHLQ
IRUFHGVDOLQHLQMHFWLRQFRQGLWLRQV$IWHUDFRQGLWLRQLQJSHULRGRIVL[GD\V
0HWHQNHSKDOLQOHYHOZDVIRXQGHQKDQFHGLQWKHGUXJSDLUHGFRPSDUWPHQW
DQGUHGXFHGLQWKHVDOLQHSDLUHGRQH
&RQFOXVLRQV7KHVRFLDOFRQWH[WVLQZKLFKDGGLFWLRQKDVERWKGHYHORSHGDQG
LVH[SUHVVHGDUHFULWLFDOO\LPSRUWDQW,WLVZHOOHVWDEOLVKHGWKDWUHH[SRVXUH
WRIHZRIWKHFRQGLWLRQHGHQYLURQPHQWDOFXHVWKDWKDGLQLWLDOO\EHHQDVVRFL
DWHG ZLWK GUXJ XVH FDQ EH D PDMRU IDFWRU FDXVLQJ SHUVLVWHQW RU UHFXUUHQW
GUXJFUDYLQJVDQGUHODSVHV7KHFKDQJHVRIHQGRJHQRXVHQNHSKDOLQUHOHDVH
REVHUYHGE\PLFURGLDO\VLVZKHQWKHDQLPDOVZHUHSODFHGLQWKHGUXJSDLUHG
FRPSDUWPHQWFRXOGH[SODLQWKHEHKDYLRURIDGGLFWV7KXVLWFRXOGEHVSHFX
ODWHGWKDWZKHQWKHGUXJDGGLFWLVUHH[SRVHGWRFXHVDVVRFLDWHGWRWKHGUXJ
FRQVXPSWLRQ D FDVFDGHRIELRFKHPLFDOPRGL¿FDWLRQVRFFXUV LQ WKHEUDLQ
ZLWKDQLQFUHDVHRIHQNHSKDOLQVLQOLPELFV\VWHPZKLFKFRQWUROVHPRWLRQV
WRPRGXODWHIHHOLQJRISOHDVXUH7KHLQFUHDVHRIHQGRJHQRXVRSLRLGSHSWLGH
ZKLFK PD\ UHÀHFW UHZDUG H[SHFWDWLRQ LV VKRUWODVWLQJ DQG PD\ EH YHU\
TXLFNO\ IROORZHGE\D©GLVWUHVVª VWDWH7RDYRLG WKLVQHJDWLYHHIIHFW WKH
DGGLFWZLOOVHOIDGPLQLVWHUGUXJWRPDLQWDLQDFWLYDWLRQRIWKHKHGRQLFSDWK
ZD\%DVHGRQWKLVK\SRWKHVLVWKHGXDOLQKLELWRUVRIHQNHSKDOLQGHJUDGLQJ
HQ]\PHVPD\EHSURSRVHGDVDQHZWKHUDS\LQRSLRLGDGGLFWLRQLQFUHDVLQJ
WKHKDOIOLIHRIWKHHQGRJHQRXVSHQWDSHSWLGHV7KXVPRGLI\LQJWKHFRQFHQ
WUDWLRQRIHQGRJHQRXVRSLRLGSHSWLGHVE\XVHRISHSWLGDVHLQKLELWRUVPD\EH
DSURPLVLQJQHZDSSURDFKLQWKHWUHDWPHQWRIDGGLFWLRQDQGPRUHJHQHUDOO\
LQ GXDO GLVRUGHUV RZLQJ WR WKH DQWLGHSUHVVDQWOLNH SURSHUWLHV RI WKH GXDO
LQKLELWRUV
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1RQ3HSWLGH&5)5HFHSWRU$QWDJRQLVWVLQ$Q[LHW\DQG
'HSUHVVLRQ
'LPLWUL(*ULJRULDGLV
1HXURFULQH%LRVFLHQFHV,QF86$
2EMHFWLYHV &RUWLFRWURSLQUHOHDVLQJ IDFWRU KDV EHHQ ZLGHO\ LPSOLFDWHG DV
WKH NH\ UHJXODWRU RI DQ RUJDQLVP¶V HQGRFULQH DXWRQRPLF EHKDYLRUDO DQG
LPPXQHUHVSRQVHWRVWUHVV7KHFORQLQJRIPXOWLSOHUHFHSWRUVXEW\SHV&5)
DQG&5)FRXSOHGZLWKWKHGLVFRYHU\RIGLVWLQFWFKHPLFDOFODVVHVRIVPDOO
PROHFXOH QRQSHSWLGH &5) UHFHSWRU DQWDJRQLVWV KDYH GUDPDWLFDOO\ LQ
FUHDVHGRXUXQGHUVWDQGLQJRIWKLVFRPSOH[V\VWHP7RGDWHWKHUHKDYHEHHQ
RQO\ D IHZ H[DPSOHV IURP WKH¿UVW JHQHUDWLRQ&5) UHFHSWRU DQWDJRQLVWV
WKDW KDG WKH SRWHQWLDO RI EHFRPLQJ VXLWDEOH WKHUDSHXWLFV DQG DOO KDYH KDG
LVVXHVSUHFOXGLQJWKHLUIXUWKHUGHYHORSPHQW,QGLVFRYHULQJWKHQH[WJHQHUD
WLRQRI&5)DQWDJRQLVWVRXUDLPZDVWRJDLQDEHWWHUXQGHUVWDQGLQJRIWKH
PROHFXODUPHFKDQLVPVXQGHUO\LQJWKHLQWHUDFWLRQRIQRQSHSWLGHPROHFXOHV
ZLWKWKLVSHSWLGHUHFHSWRU
0HWKRGV8VLQJKHWHURORJRXVO\H[SUHVVHGUHFHSWRUVIRUWKH&5)UHFHSWRU
VXEW\SHZHKDYHH[DPLQHGWKHSKDUPDFRORJLFDOFKDUDFWHULVWLFVRIVRPHRI
WKHVH QRQSHSWLGH DQWDJRQLVWV XVLQJ ERWK SHSWLGH DQG QRQSHSWLGH OLJDQGV
WRSUREHWKHVHGLVFUHWHLQWHUDFWLRQV6WXGLHVZHUHFRQGXFWHGZLWKFKLPHULF
DQGWUXQFDWHGIRUPVRIWKH&5)UHFHSWRUH[SUHVVHGLQ+(.FHOOVDQG
H[DPLQHGLQERWKUDGLROLJDQGELQGLQJDVVD\VXVLQJUDGLRODEHOHGSHSWLGHDQG
QRQSHSWLGHFRPSRXQGVDVZHOODVLQIXQFWLRQDOVHFRQGPHVVHQJHUDVVD\VWR
GLVFULPLQDWHWKHYDULRXVLQWHUDFWLRQV
5HVXOWV7KHELQGLQJRIQRQSHSWLGHVWRWKH&5)UHFHSWRUZDVGHWHUPLQHG
WREHFRPSHWLWLYHDQGUHYHUVLEOHKRZHYHUDOORVWHULFWRWKHELQGLQJVLWHRIWKH
SHSWLGHDJRQLVWV1RQSHSWLGHVDOWHUWKHFRQIRUPDWLRQRIWKHUHFHSWRUSURWHLQ
VXFKWKDWWKHSHSWLGHQRZKDVORZHUDI¿QLW\IRUWKHDFWLYDWLRQVLWHRQWKHUH
FHSWRUDQGFDQQRORQJHUIXQFWLRQWRVWLPXODWHDVHFRQGPHVVHQJHUUHVSRQVH
&RXSOHGZLWKWKHLQYLYRSKDUPDFRNLQHWLFSUR¿OHRIWKHVHPROHFXOHVWKHVH
FKDUDFWHULVWLFVSOD\DQLPSRUWDQWUROHLQWKHGLVFRYHU\RIQRYHOPROHFXOHV
&RQFOXVLRQV'HVSLWHWKHLQWHQVHVWXG\RYHUWKHSDVWGHFDGHLQWKLVDUHDE\
PXOWLSOHPDMRUSKDUPDFHXWLFDOFRPSDQLHVDQGUHVHDUFK LQVWLWXWLRQV&5)
UHFHSWRU DQWDJRQLVWVKDYHQRW\HWSURJUHVVHGEH\RQG LQLWLDO FOLQLFDO3KDVH
,,$ WHVWLQJ LQ DQ\ KXPDQ SV\FKLDWULF GLVRUGHU7KHVH DSSDUHQW GLI¿FXOWLHV
KDYHQRWGLPLQLVKHGWKHLQWHQVLW\RIUHVHDUFKIRUWKHLGHQWL¿FDWLRQRIQRYHO
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
VDIH RUDOO\ DFWLQJ &5) UHFHSWRU DQWDJRQLVWV $Q XQGHUVWDQGLQJ RI WKH
PHFKDQLVPV WKURXJKZKLFKQRQSHSWLGHDQWDJRQLVWV DFWRQ WKHVHSURWHLQV
ZLOOHQDEOHWKHGLVFRYHU\DQGGHYHORSPHQWRISRWHQWLDOO\VXSHULRUWKHUDSHX
WLFVIRUQHXURSV\FKLDWULFDQGVWUHVVUHODWHGGLVRUGHUV
5HIHUHQFHV
+RDUH 65 6XOOLYDQ 6. /LQJ 1 &URZH 3' *ULJRULDGLV '( 
0HFKDQLVPRI FRUWLFRWURSLQUHOHDVLQJ IDFWRU W\SH , UHFHSWRU UHJXODWLRQ E\
QRQSHSWLGHDQWDJRQLVWV0RO3KDUPDFRO
*ULJRULDGLV'(+DGGDFK0/LQJ16DXQGHUV-7KH&5)UHFHSWRU
6WUXFWXUH IXQFWLRQ DQG SRWHQWLDO IRU WKHUDSHXWLF LQWHUYHQWLRQ &XUU 0HG
&KHP&HQWUDO1HUYRXV6\VWHP$JHQWV
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3KDUPDFRJHQRPLFVLQ6HDUFKIRU1RYHO7KHUDSHXWLF7DUJHWV
IRU$QWLGHSUHVVDQWV
0LWVXKLNR<DPDGD
'LYLVLRQRI3V\FKRJHULDWULFV1DWLRQDO,QVWLWXWHRI0HQWDO+HDOWK
1DWLRQDO&HQWHURI1HXURORJ\DQG3V\FKLDWU\7RN\R-DSDQ
7+LJXFKL
$LPV$OWKRXJKDQWLGHSUHVVDQWVKDYHEHHQXVHGFOLQLFDOO\IRUPRUHWKDQ
\HDUV QR FRQVHQVXV KDV EHHQ UHDFKHG FRQFHUQLQJ WKHLU SUHFLVHPROHFXODU
PHFKDQLVPRIDFWLRQ ,Q WKHSUHVHQW VWXG\ZHZLOO LQWURGXFHRXURQJRLQJ
HIIRUWWRLGHQWLI\WKHFRPSRQHQWVRIWKHPROHFXODUPDFKLQHU\UHVSRQVLEOHIRU
DQWLGHSUHVVDQWHI¿FDF\
0HWKRGVDQG5HVXOWV 3KDUPDFRJHQRPLFV LV D SRZHUIXO WRRO WKDW FDQEH
XVHG WR LGHQWLI\ JHQHV DIIHFWHG E\ DQWLGHSUHVVDQWV RU E\ RWKHU HIIHFWLYH
WKHUDSHXWLFPDQLSXODWLRQVLHFKURQLFOLWKLXPWUHDWPHQWUHSHDWHG(&7DQG
U706 8VLQJ (67 DQDO\VLV ZH KDYH SUHYLRXVO\ LGHQWL¿HG VHYHUDO F'1$
IUDJPHQWVDVDQWLGHSUHVVDQWUHODWHGJHQHV$'5*VLQFOXGLQJVRPHNLQDVHV
DQG*SURWHLQFRXSOHGUHFHSWRUV$QGIURPWKHVHRULJLQDOF'1$PLFURDU
UD\VZHUHGHYHORSHG
&RQFOXVLRQV 'H¿QLQJ WKH UROHV RI WKHVH $'5* JHQHV LQ GUXJLQGXFHG
QHXUDOSODVWLFLW\LVOLNHO\WRWUDQVIRUPWKHFRXUVHRIUHVHDUFKRQWKHELRORJL
FDOEDVLVRIPRRGGLVRUGHUV6XFKGHWDLOHGNQRZOHGJHZLOOKDYHSURIRXQG
HIIHFWV RQ WKH GLDJQRVLV SUHYHQWLRQ DQG WUHDWPHQW RI GHSUHVVLRQ 1RYHO
ELRORJLFDO DSSURDFKHV EH\RQG WKH ³PRQRDPLQH K\SRWKHVLV´ DUH H[SHFWHG
WR HYRNH SDUDGLJP VKLIWV LQ WKH IXWXUH RI GHSUHVVLRQ UHVHDUFK +HUH ZH
LQWURGXFHVRPHRI WKHQHZFDQGLGDWHPROHFXOHVDQGPROHFXODUV\VWHPV LQ
DQWLGHSUHVVDQWUHVHDUFK
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1RYHO0HFKDQLVPVRI$FWLRQDQG'HYHORSPHQW6WUDWHJLHV
IRU$QWLSV\FKRWLF'UXJV
6
1HXURDFWLYH6WHURLGVDV&DQGLGDWH0RGXODWRUVRI
$QWLSV\FKRWLF'UXJ$FWLRQ
&KULVWLQH(0DU[
'XNH8QLYHUVLW\0HGLFDO&HQWHUDQG'XUKDP9$86$
/DZUHQFH-6KDPSLQH5DKXO.KLVWL*LOOLDQ3DUNH
:LOOLDP77URVW$/HVOLH0RUURZ-HIIUH\$/LHEHUPDQ
2EMHFWLYHV2ODQ]DSLQHDQGFOR]DSLQHHOHYDWH WKH*$%$HUJLFQHXURDFWLYH
VWHURLGDOORSUHJQDQRORQH$//2WRSK\VLRORJLFDOO\UHOHYDQWFRQFHQWUDWLRQV
LQ URGHQW FHUHEUDO FRUWH[ 0DU[ HW DO   %DUEDFFLD HW DO 
)OXR[HWLQHDOVRHOHYDWHV$//28]XQRYHWDO3LQQDHWDO(OHYD
WLRQVLQ$//2PD\FRQWULEXWHWRWKHDQ[LRO\WLFDQGDQWLGHSUHVVDQWDFWLRQV
RI WKHVH FRPSRXQGV3UHJQHQRORQH 35(* LV D SRWHQWLDO SUHFXUVRU WR DOO
VWHURLGV DQG 35(* DQG LWV VXOIDWHG GHULYDWLYH GHPRQVWUDWH SURQRXQFHG
HIIHFWVRQOHDUQLQJDQGPHPRU\LQURGHQWV)ORRGHWDO$NZD
HW DO 9DOOHH HW DO 'HR[\FRUWLFRVWHURQH '2& LV D SUHFXUVRU
WRDOORWHWUDK\GURGHR[\FRUWLFRVWHURQH7+'2&DQHXURDFWLYHVWHURLGZLWK
DFWLRQV DW*$%$$ UHFHSWRUV FRPSDUDEOH WR$//26LQFH RODQ]DSLQH DQG
ÀXR[HWLQHKDYHFOLQLFDOXWLOLW\LQFRPELQDWLRQZHLQYHVWLJDWHGQHXURDFWLYH
VWHURLGDOWHUDWLRQVIROORZLQJRODQ]DSLQHÀXR[HWLQHDQGWKHFRPELQDWLRQRI
ERWKDJHQWVRQKLSSRFDPSDODQGSHULSKHUDOQHXURDFWLYHVWHURLGV
0HWKRGV0DOH UDWV Q SHUFRQGLWLRQZHUH LQMHFWHG ,3ZLWKYHKLFOH
RODQ]DSLQHÀXR[HWLQHRU WKHFRPELQDWLRQRIERWKDJHQWV LQKLJKGRVH 
RUPJNJUHVSHFWLYHO\DQGORZGRVHRUPJNJ
UHVSHFWLYHO\H[SHULPHQWV7KHQHXURDFWLYHVWHURLGV35(*DQG$//2ZHUH
GHWHUPLQHGE\JDVFKURPDWRJUDSK\PDVVVSHFWURPHWU\SUHFHGHGE\+3/&
'2&OHYHOVZHUHGHWHUPLQHGE\UDGLRLPPXQRDVVD\
5HVXOWV +LSSRFDPSDO 35(* OHYHOV ZHUH VLJQL¿FDQWO\ HOHYDWHG IROORZ
LQJRODQ]DSLQHÀXR[HWLQHRU WKHFRPELQDWLRQRI WKHVHDJHQWV LQERWK WKH
KLJKGRVH$129$S SRVWKRF'XQQHWWSIRUDOOJURXSV
DQG ORZGRVH $129$ S SRVWKRF S IRU DOO  JURXSV H[
SHULPHQWV+LSSRFDPSDO$//2OHYHOVZHUHDOVRHOHYDWHGLQDOOWKUHHJURXSV
6HUXP'2&OHYHOVZHUHVLJQL¿FDQWO\HOHYDWHGIROORZLQJRODQ]DSLQHÀXR[
HWLQH RU WKH FRPELQDWLRQ LQ WKH KLJK DQG ORZGRVH H[SHULPHQWV 35(*
OHYHOVZHUH SRVLWLYHO\ FRUUHODWHGZLWK'2&DQG$//2 OHYHOV LQ ERWK WKH
KLJKGRVHU U UHVSHFWLYHO\DQGORZGRVHH[SHULPHQWVU 
U UHVSHFWLYHO\
&RQFOXVLRQV35(*LQFUHDVHVVLJQL¿FDQWO\LQURGHQWKLSSRFDPSXVIROORZ
LQJ DFXWH DGPLQLVWUDWLRQ RI RODQ]DSLQH ÀXR[HWLQH RU WKH FRPELQDWLRQ RI
WKHVHDJHQWV6LQFH35(*DQGLWVVXOIDWHHQKDQFHOHDUQLQJDQGFRJQLWLYHSHU
IRUPDQFHLQURGHQWVSUHJQHQRORQHHOHYDWLRQVPD\EHUHOHYDQWWRFRJQLWLYH
GH¿FLWVLQVFKL]RSKUHQLDDQGFRXOGSRWHQWLDOO\FRQWULEXWHWRRODQ]DSLQHDQG
ÀXR[HWLQH HIIHFWV RQ GHSUHVVLYH V\PSWRPV 6LQFH 35(* DOWHUDWLRQV KDYH
EHHQOLQNHGWRGHSUHVVLRQLQKXPDQV*HRUJHHWDORODQ]DSLQHDQG
ÀXR[HWLQHLQGXFHGDOWHUDWLRQVLQWKLVQHXURDFWLYHVWHURLGPD\FRQWULEXWHWR
WKHDQWLGHSUHVVDQWDFWLRQVRIWKHVHFRPSRXQGVDQGUHSUHVHQWDQRYHOWUHDW
PHQWVWUDWHJ\
6
7KH'RSDPLQH'5HFHSWRU0HGLDWHV6FKL]RSKUHQLD5HODWHG
$EQRUPDOLWLHV,QGXFHGE\*OXWDPDWH10'$5HFHSWRU
%ORFNDGH
3LHUUH6RNRORII
)UDQFH
6FKL]RSKUHQLD LV WKRXJKW WR LQYROYH K\SHUDFWLYLW\ RI WKH QHXURWUDQVPLWWHU
GRSDPLQH V\PSWRPV DUH FRUUHFWHG E\ GRSDPLQH UHFHSWRU EORFNDGH DQG
H[DFHUEDWHG E\ GRSDPLQHUHOHDVLQJ DJHQWV +RZHYHU VXVWDLQHG EORFNDGH
RIJOXWDPDWHQHXURWUDQVPLVVLRQE\DQWDJRQLVWVDWWKH1PHWK\O'DVSDUWDWH
10'$ UHFHSWRU VXEW\SH VXFK DV SKHQF\FOLGLQH SURGXFHV D UDQJH RI
V\PSWRPV UHPDUNDEO\ VLPLODU WR VFKL]RSKUHQLD DQG GUXJV IDFLOLWDWLQJ WKLV
QHXURWUDQVPLVVLRQ LPSURYH V\PSWRPVRI WKH GLVHDVH7KH UHODWLRQVKLSV DW
WKH PROHFXODU OHYHO EHWZHHQ GRSDPLQHUJLF DQG JOXWDPDWHUJLF V\VWHPV LQ
VFKL]RSKUHQLD DUH QRW XQGHUVWRRG +HUH ZH VKRZ WKDW VFKL]RSKUHQLDOLNH
EHKDYLRUV JHQHUDWHG E\ FKURQLF JOXWDPDWH1PHWK\O'DVSDUWDWH 10'$
UHFHSWRUEORFNDGHLQPLFHDUHFRUUHFWHGE\FOR]DSLQHDQGKDORSHULGROLQSUR
SRUWLRQRIWKHLUFOLQLFDOHI¿FDF\E\GRSDPLQH'UHFHSWRU'UGVHOHFWLYH
EORFNHUVDQGDUHVXSSUHVVHGLQ'UGPLFH7KHEHKDYLRUDODEQRUPDOLWLHV
DUHDFFRPSDQLHGE\DQXSUHJXODWLRQRIERWK'UGDQGEUDLQGHULYHGQHXUR
WURSKLFIDFWRU%'1)ZKLFKFRQWUROVSRVLWLYHO\'UGH[SUHVVLRQDQGE\
D GRZQUHJXODWLRQ RI UHHOLQ H[SUHVVLRQ ZKLFK LV FRQWUROOHG QHJDWLYHO\ E\
%'1)6LPLODUDOWHUDWLRQVKDYHEHHQUHSRUWHGLQWKHSRVWPRUWHPEUDLQIURP
SDWLHQWVZLWKVFKL]RSKUHQLD5HSHDWHGDGPLQLVWUDWLRQVRIDQWLSV\FKRWLFVRU
'UG EORFNHUV FRUUHFW WKH EHKDYLRUDO DEQRUPDOLWLHV DQG QRUPDOL]H 'UG
%'1)DQGUHHOLQH[SUHVVLRQ ,QDGGLWLRQ%'1)K\SRPRUSKVDUH LQVHQVL
WLYHWR10'$UHFHSWRUEORFNDGH3UHIURQWDOFRUWLFDOJOXWDPDWHUJLFQHXURQV
ZKLFK SURGXFH DQG UHOHDVH %'1) EHFRPH HOHFWULFDOO\ K\SHUUHVSRQVLYH
DIWHU10'$UHFHSWRUEORFNDGH7KHUHIRUH%'1)PD\EHDQLQWHUPHGLDU\
UHODWLQJJOXWDPDWHG\VIXQFWLRQWRDEQRUPDOEHKDYLRUVDQGUHSUHVHQWVDSUH
YLRXVO\XQUHFRJQL]HGWDUJHWRIDQWLSV\FKRWLFGUXJV2XUUHVXOWVVXJJHVWWKDW
VHOHFWLYH'UGEORFNDGHRUGLUHFWPRGXODWLRQRQ%'1)IXQFWLRQPLJKWEH
QRYHOWKHUDSHXWLFRSWLRQVIRUWKHWUHDWPHQWRIVFKL]RSKUHQLD
6
1R$EVWUDFW5HFHLYHG
/DUV)DUGH
6ZHGHQ
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\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1R$EVWUDFW5HFHLYHG
-HIIUH\/LHEHUPDQ
86$
6
0RGXODWLRQRI+75HFHSWRUVE\$QWLGHSUHVVDQWVDQG
$QWLSV\FKRWLFV
5DLQHU5XSSUHFKW
'HSDUWPHQWRI3V\FKLDWU\/080XQLFK*HUPDQ\
%ULJLWWH(LVHQVDPHU*HUKDUG5DPPHV:DOWHU=LHJOJlQVEHUJHU
)ORULDQ+ROVERHU
2EMHFWLYHV%RWKDQWLGHSUHVVDQWVDQGDQWLSV\FKRWLFVPD\LQGLUHFWO\PRGX
ODWH WKH IXQFWLRQ RI OLJDQGJDWHG LRQ FKDQQHOV WKURXJK LQWHUIHUHQFH ZLWK
HQGRJHQRXV QHXURDFWLYH VWHURLGV EHVLGHV WKHLU FODVVLFDO PHFKDQLVPV RI
DFWLRQ ,Q WKH SUHVHQW VWXG\ ZH LQYHVWLJDWHG ZKHWKHU DQWLGHSUHVVDQWV DQG
DQWLSV\FKRWLFVPD\GLUHFWO\PRGXODWHWKHIXQFWLRQRI+7UHFHSWRUVDVD
PRGHORIDOLJDQGJDWHGLRQFKDQQHO
0HWKRGV :H XVHG ZKROH FHOO YROWDJH FODPS UHFRUGLQJV DQG FDOFLXP
LPDJLQJ WR DVVHVV WKH HIIHFWV RI GLIIHUHQW FODVVHV RI DQWLGHSUHVVDQWV DQG
DQWLSV\FKRWLFVDWHQGRJRXVDQGUHFRPELQDQW+7UHFHSWRUVH[SUHVVHGLQ
+(.FHOOVRQWKHVHURWRQLQHYRNHGFDWLRQFXUUHQWV%LQGLQJDVVD\VZHUH
SHUIRUPHGWRDVVHVVLQWHUDFWLRQVZLWKWKHVHURWRQLQELQGLQJVLWH
5HVXOWV0RVWDQWLGHSUHVVDQWVZLWKWKHH[FSWLRQRIPRFOREHPLGHDQGDQWLS
V\FKRWLFVZLWK WKHH[FHSWLRQRIULVSHULGRQHHIIHFWLYHO\ LQKLELWHG WKHVHURW
RQLQLQGXFHGVRGLXPDQGFDOFLXPLQÀX[DWORZPLFURPRODUFRQFHQWUDWLRQV
2QO\PLUWD]DSLQHDQGFOR]DSLQHZHUHFRPSHWLWLYHDQWDJRQLVWVDOOWKHRWKHU
FRPSRXQGVLQYHVWLJDWHGZHUHQRQFRPSHWLWLYHDQWDJRQLVWV
&RQFOXVLRQV:HFRXOGVKRZWKDWERWKDQWLGHSUHVVDQWVDQGDQWLSV\FKRWLFV
DUH IXQFWLRQDO DQWDJRQLVWV DW HQGRJQRXV DQG UHFRPELQDQW +7 UHFHS
WRUV DW WKHUDSHXWLFDOO\ UHOHYDQW FRQFHQWUDWLRQV 7KH PRGXODWRU\ DFWLRQ RI
DQWLGHSUHVVDQWV DQG DQWLSV\FKRWLFV DW OLJDQGJDWHG LRQ FKDQQHOVPD\ UHS
UHVHQWDQRYHOSKDUPDFRORJLFDOSULQFLSOHRISV\FKRSKDUPDFRORJLFDOGUXJV
0RUHRYHULWFKDOOHQJHVWKHFRQFHSWRIWDUJHWVSHFL¿FLW\DQGVHOHFWLYLW\IRU
DQWLGHSUHVVDQWVDQGDQWLSV\FKRWLFV
5HIHUHQFHV
(LVHQVDPHU%5DPPHV**LPSO*6KDSD0)HUUDUL8+DSIHOPHLHU*
%RQG\%3DUVRQV&*LOOLQJ.=LHJOJlQVEHUJHU:+ROVERHU)5XSSUHFKW
5$QWLGHSUHVVDQWVDUHIXQFWLRQDODQWDJRQLVWVDWWKHVHURWRQLQW\SH
+7UHFHSWRU0ROHFXODU3V\FKLDWU\
5DPPHV*(LVHQVDPHU%)HUUDUL86KDSD0*LPSO**LOOLQJ*3DUVRQV
& 5LHULQJ.+DSIHOPHLHU* %RQG\% =LHJOJlQVEHUJHU:+ROVERHU )
5XSSUHFKW5$QWLSV\FKRWLFGUXJVDQWDJRQLVHKXPDQVHURWRQLQW\SH
 +7 UHFHSWRU FXUUHQWV LQ DQRQFRPSHWLWLYHPDQQHU0ROHFXODU3V\
FKLDWU\
6
3HUVSHFWLYHVRQWKH8VHRI*OXWDPDWH$QWDJRQLVWVIRU
7UHDWLQJ$OFRKROLVP
6
6FLHQWLILF&RQFHSWV,QWHUDFWLRQVEHWZHHQ*OXWDPDWHDQG
2WKHU0LGEUDLQ1HXURWUDQVPLWWHU6\VWHPV
:DOWHU=LHJOJlQVEHUJHU
0D[3ODQFN,QVWLWXWHRI3V\FKLDWU\0XQLFK*HUPDQ\
3UHFOLQLFDO VWXGLHV XVLQJ YDULRXV DQLPDOPRGHOV KDYH VKRZQ WKDW JOXWD
PDWHDQWDJRQLVWVLQFOXGLQJDFDPSURVDWHPRGXODWHWKHUHOHDVHRIPLGEUDLQ
GRSDPLQH DQG LQ SDUWLFXODU WKH SKHQRPHQRQ DQDORJRXV WR SRVWFHVVDWLRQ
FUDYLQJLQKXPDQV*OXWDPDWHUJLFDQG*$%$HUJLFDIIHUHQWVFRQYHUJHRQWR
GRSDPLQHFRQWDLQLQJQHXURQVLQWKHUHZDUGFLUFXLWU\)XUWKHUPRUHWKHUHLV
DFORVHLQWHUDFWLRQEHWZHHQWKHGRSDPLQHUHOHDVHGLQWKHQXFOHXVDFFXPEHQV
DQGWKHVHWZRWUDQVPLWWHUV\VWHPV8SGDWHVZLOOEHSUHVHQWHGRQWKHHIIHFWV
RIDFDPSURVDWHRQLPPHGLDWHHDUO\JHQHVDQGKRZWKHVHPLJKWEHLQYROYHG
LQUHZDUGPHPRU\)XUWKHUWKLVSUHVHQWDWLRQZLOOOD\WKHWKHRUHWLFDOIRXQGD
WLRQDVWRZK\JOXWDPDWHDQWDJRQLVWVPLJKWZRUNDGGLWLYHO\ZLWKHLWKHUPX
RUVHURWRQLQUHFHSWRUDQWDJRQLVWVWRVXSSUHVVPLGEUDLQGRSDPLQHIXQFWLRQ
2WKHUSRWHQWLDOQHXURFKHPLFDO FRPELQDWLRQVEHWZHHQJOXWDPDWHDQGRWKHU
QHXURQDOV\VWHPVWKDWPLJKWPRGXODWHPLGEUDLQGRSDPLQHZLOODOVREHDS
SUDLVHG
6
5ROHRI*OXWDPDWHLQ1HXURFKHPLFDO0HFKDQLVPVRI$OFRKRO
:LWKGUDZDO6\QGURPH(IIHFWRI*OXWDPDWH$QWDJRQLVWV²
/DPRWULJLQHDQG0.
,ULQD3$QRNKLQD
1DWLRQDO5HVHDUFK&HQWHURQ$GGLFWLRQV0RVFRZ5XVVLD
7KHJRDORIWKLVZRUNZDVWRVWXG\WKHUROHRIJOXWDPLFDFLGLQWKHPHFKD
QLVPVRIDOFRKROGHSHQGHQFHDQGDOFRKROZLWKGUDZDOV\QGURPHDVZHOODV
DFRUUHODWLRQEHWZHHQJOXWDPDWH */8V\VWHP LPSDLUPHQWDQGGRSDPLQH
'$QHXURWUDQVPLVVLRQFKDQJHV5DWVZLWKDOFRKROGHSHQGHQFHZHUHVKRZQ
WRH[KLELWDQDFFHOHUDWHGWXUQRYHURI'$DWLWVORZFRQFHQWUDWLRQLQWKHEUDLQ
OLPELFDUHDV'XULQJZLWKGUDZDOIUHHDQGERXQG'$OHYHOVLQFUHDVHGFRQ
VLGHUDEO\3UHPHGLFDWLRQZLWKD*/8UHFHSWRUEORFNHU0.SUHYHQWHG
WKHZLWKGUDZDOV\QGURPHGHYHORSPHQWDQGWKHLQFUHDVHRI'$OHYHOLQWKH
UDWEUDLQ$GPLQLVWUDWLRQRI0.DOVRSUHYHQWHGDQLQFUHDVHRIWKHHDUO\
FIRVJHQHH[SUHVVLRQ LQ WKHFRUWH[ZKLFK LV FKDUDFWHULVWLFRI WKHDOFRKRO
ZLWKGUDZDO V\QGURPH 7KH */8 OHYHO ZDV GHFUHDVHG LQ WKH EORRG RI DO
FRKROLFSDWLHQWV'XULQJDOFRKROZLWKGUDZDOKRZHYHU*/8FRQFHQWUDWLRQ
VKDUSO\ LQFUHDVHG WR UHDFK ± GXULQJ GHOLULXP GHYHORSPHQW 7KH
VDPHG\QDPLFZDVREVHUYHGZKHQEORRG'$OHYHOZDVGHWHUPLQHGLWDOVR
LQFUHDVHGVKDUSO\ LQ WKHZLWKGUDZDOV\QGURPH7UHDWPHQWRISDWLHQWVZLWK
D*/8UHOHDVHEORFNHU ODPRWULJLQHQRUPDOL]HGERWK*/8DQG'$EORRG
OHYHOVOHDGLQJWRFOLQLFDOLPSURYHPHQW,WLVVXJJHVWHGWKDWWKH*/8V\VWHP
LV GLUHFWO\ LQYROYHG LQ WKH PHFKDQLVPV RI DOFRKRO ZLWKGUDZDO V\QGURPH
GHYHORSPHQW7KHGDWDREWDLQHGGHPRQVWUDWHDFORVH UHODWLRQVKLSEHWZHHQ
FKDQJHVLQWKH*/8DQG'$V\VWHPVLQDOFRKROLVPDQGDSRVVLEOHQRUPDOL
]DWLRQRIERWKV\VWHPIXQFWLRQVE\WKHXVHRI*/8DQWDJRQLVWV
6
6DIHW\RI&RPELQLQJ$FDPSURVDWHZLWK1DOWUH[RQH'RVH
5DQJLQJ3KDUPDFRORJLF6WXGLHV
%DQNROH$-RKQVRQ
8QLYHUVLW\RI9LUJLQLD+HDOWK6\VWHP&KDUORWWHVYLOOH86$
2QHIXQGDPHQWDOLVVXHLQYROYHGZLWKWKHH[SORUDWLRQRIPHGLFDWLRQFRPEL
QDWLRQVLVWRDVFHUWDLQWKDWWKHH[SHFWHGJDLQVLQWKHUDSHXWLFUHVSRQVHDUHQRW
QHJDWHGE\ WKHGHYHORSPHQWRIQHZRU VLJQL¿FDQWO\PRUH VHULRXV DGYHUVH
HYHQWVWKDQKDYHEHHQGHPRQVWUDWHGZLWKWKHLQGLYLGXDODJHQWV,QWKH¿UVW
SDUWRIWKLVSUHVHQWDWLRQXVLQJDKXPDQODERUDWRU\H[SHULPHQWDOSDUDGLJPD
SKDUPDFRWR[LFRORJLFDOVWXG\WKDWDVVHVVHGWKHVDIHW\RIFRPELQLQJFKURQLF
DFDPSURVDWHXSWRJGD\ZLWKQDOWUH[RQHXSWRPJGD\WUHDWPHQW
XVLQJ  QRQ WUHDWPHQW VHHNLQJ DOFRKROGHSHQGHQW LQGLYLGXDOV UHYHDOHG
WKDW DGYHUVH HYHQWV WHQGHG WR VXPPDWH DQG ZHUHPD[LPDO DW WKH KLJKHVW
PHGLFDWLRQ GRVH FRPELQDWLRQ RI ERWK GUXJV )XUWKHU QR VHULRXV DGYHUVH
HYHQWVZHUH VHHQZLWK UHVSHFW WRKHSDWLF UHQDORU FRJQLWLYH IXQFWLRQDQG
SHUIRUPDQFH7KH WHQGHQF\ IRU DFDPSURVDWH WR UHGXFHEORRG OHYHOVRI WKH
PDLQ PHWDEROLWH RI QDOWUH[RQH EHWD QDOWUH[RO DQG WKH LPSOLFDWLRQV IRU
WUHDWPHQWZLOOEHGLVFXVVHG5HVXOWVRIWKLVVWXG\ZLOOEHSODFHGLQFRQWH[W
E\H[DPLQLQJWKHUHVXOWVRIRWKHUSKDUPDFRWR[LFRORJLFDOVWXGLHVWKDWKDYH
EHHQFRQGXFWHGZLWKWKLVPHGLFDWLRQFRPELQDWLRQ,QDOO WKLVSUHVHQWDWLRQ
ZLOOSURYLGHHYLGHQFHWKDWWKLVPHGLFDWLRQFRPELQDWLRQLVVDIH,QWKHVHFRQG
SDUW RI WKLV SUHVHQWDWLRQ HYLGHQFH IURP UHFHQW FOLQLFDO VWXGLHV SURYLGLQJ
IXUWKHU HYLGHQFH RI VDIHW\ DV ZHOO DV XSWRGDWH LQIRUPDWLRQ RQ HI¿FDF\
ZLOOEHSUHVHQWHG
039#(/0(!2-!#/,/'9¬¬3YMPOSIA
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
6DIHW\RI&RPELQLQJ7RSLUDPDWHZLWK2QGDQVHWURQ
1DVVLPD$LW'DRXG
8QLYHUVLW\RI7H[DV+HDOWK6FLHQFH&HQWHUDW6DQ$QWRQLR86$
5HFHQWO\ ZH KDYH GHPRQVWUDWHG WKDW WKH VHURWRQLQ UHFHSWRU DQWDJRQLVW
RQGDQVHWURQPFJNJGD\LVHI¿FDFLRXVIRUWKHWUHDWPHQWRIDOFRKROGH
SHQGHQWLQGLYLGXDOVZLWKDQHDUO\RQVHWRIGLVHDVHDQGDKLJKSUHGLVSRVLWLRQ
WRIDPLOLDODOFRKROLVPDQGLPSXOVHFRQWUROGLVRUGHUV:HDOVRKDYHVKRZQ
WKDW XS WR PJGD\ RI WRSLUDPDWH D JOXWDPDWH DQWDJRQLVW DQG*$%$
DJRQLVW LV HI¿FDFLRXV LQ WUHDWLQJ D KHWHURJHQHRXV JURXS RI DOFRKROLFV
LQFOXGLQJWKRVHZLWKDQHDUO\RQVHWRIGLVHDVH7KHUDWLRQDOHIRUFRPELQLQJ
ERWKPHGLFDWLRQVOLHVLQWKHSURSRVDOWKDWVHURWRQLQUHFHSWRUVDUHFRORFDO
L]HGRQ*$%$QHXURQVDQGWKHUHE\RQGDQVHWURQZLOODXJPHQWWKH*$%$
IDFLOLWDWLQJHIIHFWVRIWRSLUDPDWHDQGFRQVHTXHQWO\LQFUHDVHWKHVXSSUHVVLRQ
RI PLGEUDLQ GRSDPLQH UHOHDVH ,Q D VPDOO RSHQODEHO WULDO ZH FRPSDUHG
WKH DGYHUVH HYHQWV DQG GULQNLQJ RXWFRPHV RI HDUO\RQVHW DOFRKROLFV ZKR
UHFHLYHGWRSLUDPDWHXSWRPJGD\RQGDQVHWURQPFJNJGD\ZLWK
PDWFKHGFRQWUROVZKRUHFHLYHGHLWKHU WRSLUDPDWHRURQGDQVHWURQDORQHRU
SODFHERWRWDO1 'XHWRWKHVPDOOVDPSOHVL]HDQGH[SORUDWRU\QDWXUH
RIWKLVVWXG\QRFRQFOXVLYHVWDWHPHQWVFDQEHPDGHDERXWHI¿FDF\KRZHYHU
LWZDVLQWULJXLQJWKDWWKHHIIHFWVL]HRIWKHFRPELQDWLRQZDVWKHODUJHVWDQG
DSSHDUHGWREHDGGLWLYHWRWKDWRI WKHLQGLYLGXDOPHGLFDWLRQVDW LPSURYLQJ
GULQNLQJRXWFRPHV8VLQJDFDVHEDVHGDSSURDFKLQVSHFWLRQRIWKHDGYHUVH
HYHQWSUR¿OHRIWKHWUHDWPHQWFRQGLWLRQVVXJJHVWHGWKDWWKHFRPELQDWLRQZDV
JHQHUDOO\ZHOOWROHUDWHGZLWKQRVHULRXVHYHQWVEHLQJUHSRUWHG7KHUHZHUH
QRXQH[SHFWHGDGYHUVHHYHQWV7DNHQWRJHWKHUWKHVHGDWDSURYLGHDUDWLRQDOH
IRU IXUWKHU WHVWLQJ RI WKH FRPELQDWLRQ RI WRSLUDPDWH DQG RQGDQVHWURQ IRU
WUHDWLQJHDUO\RQVHWDOFRKROLVP
6
86YV(XURSHDQ3HUVSHFWLYHVRQ0HGLFDWLRQ'HYHORSPHQW
&KDOOHQJHVDQG2SSRUWXQLWLHV
5D\H=/LWWHQ
1DWLRQDO,QVWLWXWHRQ$OFRKRO$EXVHDQG$OFRKROLVP%HWKHVGD
0DU\ODQG86$
'HVSLWH WKH H[SORVLRQ RI QHZ VFLHQWL¿F NQRZOHGJH OHDGLQJ WR WKH GHYHO
RSPHQW RI QHZ PHGLFDWLRQV WKHUH DSSHDUV WR EH OLWWOH V\QHUJ\ EHWZHHQ
UHVHDUFKHUV LQ WKH 86 DQG (XURSH ,QGHHG WKHUH LV D QHHG WR GHYHORS
FRQVHQVXVZLWKUHVSHFWWRVWDQGDUGL]LQJVWUDWHJLHVHJOHQJWKRIWUHDWPHQW
VWDJH RI LQWHUYHQWLRQ DQG XVH RI DGMXQFWLYH SV\FKRVRFLDO WUHDWPHQW DQG
HI¿FDF\UHODWHGRXWFRPHFULWHULD3URGXFLQJVXFKDFRQVHQVXVZRXOGHQVXUH
PRUHUDSLGWUDQVODWLRQDQGDGDSWDWLRQRIVWXGLHVFRQGXFWHGLQ(XURSHWRWKH
86DQGYLFHYHUVD8VLQJWKHGHYHORSPHQWRIDFDPSURVDWHDVDQH[DPSOH
WKLV SUHVHQWDWLRQ ZLOO SURYLGH D FULWLFDO DSSUDLVDO RI WKH VLPLODULWLHV DQG
GLIIHUHQFHV EHWZHHQ 86 DQG (XURSHDQ PHGLFDWLRQ GHYHORSPHQW HIIRUWV
)LQDOO\LGHDVZLOOEHSUHVHQWHGRQKRZWRGHYHORSDPRUHFRKHVLYHIRUXP
WKDWZRXOGDLGFURVVFRQWLQHQWDOFROODERUDWLRQV
6
3KDUPDFRJHQHWLFVRI$QWLSV\FKRWLF7UHDWPHQW3UHGLFWLQJ
&OLQLFDO(IILFDF\DQG6LGH(IIHFWV
6
1R$EVWUDFW5HFHLYHG
-/.HQQHG\
&DQDGD
6
3KDUPDFRJHQHWLFVRI$QWLSV\FKRWLF'UXJ(IIHFWV±)RFXVRQ
:HLJKW*DLQ
*DYLQ5H\QROGV
4XHHQ¶V8QLYHUVLW\%HOIDVW8.
2EMHFWLYHV,QFUHDVHGERG\IDWOHDGLQJWRIXUWKHUPRUELGLW\DQGSRRUWUHDW
PHQWDGKHUHQFHLVDFRPPRQFRQVHTXHQFHRIWUHDWPHQWZLWKDQWLSV\FKRWLF
GUXJV:HKDYH LQYHVWLJDWHG WKH DVVRFLDWLRQRI FRPPRQJHQHWLFSRO\PRU
SKLVPVRI WZRFDQGLGDWHJHQHVZLWKDQWLSV\FKRWLFLQGXFHGZHLJKWJDLQ LQ
¿UVWHSLVRGHSV\FKRWLFVXEMHFWVDQGKDYHLQYHVWLJDWHGWKHUHODWLRQVKLSZLWK
FLUFXODWLQJOHYHOVRIWKHDQRUH[LJHQLFKRUPRQHOHSWLQ
0HWKRGV:HGHWHUPLQHGWKHDVVRFLDWLRQRISURPRWHUUHJLRQSRO\PRUSKLVPV
LQWKH+7&UHFHSWRUJHQHDQGWKHOHSWLQJHQHZLWKDQWLSV\FKRWLFLQGXFHG
ZHLJKW JDLQ LQ WZR SRSXODWLRQV ZLWK VFKL]RSKUHQLD RQH VWXGLHG RYHU 
ZHHNVDQGRQHRYHUPRQWKVZLWKOHSWLQPHDVXUHPHQWVEHLQJXQGHUWDNHQ
5HVXOWV 3DWLHQWV ZLWK WKH +7& UHFHSWRU  7 DOOHOH VKRZHG OHVV
ZHLJKWJDLQDWDOOWLPHSRLQWVLQHDFKJURXS$VLJQL¿FDQWDVVRFLDWLRQRIWKH
OHSWLQ$*SRO\PRUSKLVPZDVDOVRIRXQGDOWKRXJKWKHHIIHFWRIWKLV
SRO\PRUSKLVPHPHUJHGDWODWHUWLPHSRLQWVLQWKHVWXGLHV3DWLHQWVH[KLELWHG
DQLQFUHDVHLQSODVPDOHSWLQOHYHOVGXULQJDQWLSV\FKRWLFWUHDWPHQW3DWLHQWV
ZLWKWKHSURWHFWLYH+7&UHFHSWRUJHQRW\SHH[KLELWHGVLJQL¿FDQWO\KLJKHU
EDVHOLQHSODVPDOHSWLQFRQFHQWUDWLRQVDQHIIHFWWKDWZDVLQGHSHQGHQWRIVH[
DQGLQLWLDO%0,
&RQFOXVLRQV7KHVH¿QGLQJVGHPRQVWUDWH WKDW WKHYDOXHRI WKHSKDUPDFR
JHQHWLFVLQSUHGLFWLQJDQWLSV\FKRWLFGUXJLQGXFHGZHLJKWJDLQDQGGHPRQ
VWUDWHV WKDW D FRPPRQPHFKDQLVPPD\ LQYROYH HIIHFWV RQ WKH IXQFWLRQRI
OHSWLQDKRUPRQHUHJXODWLQJIRRGLQWDNH
5HIHUHQFHV
5H\QROGV *3 =KDQJ =- =KDQJ ;% $VVRFLDWLRQ RI DQWLSV\FKRWLF
GUXJLQGXFHG ZHLJKW JDLQ ZLWK D +7& UHFHSWRU JHQH SRO\PRUSKLVP
/DQFHW
7HPSOHPDQ/$5H\QROGV*3$UUDQ]%6DQ/3RO\PRUSKLVPVRI
WKH +7& UHFHSWRU DQG OHSWLQ JHQHV DUH DVVRFLDWHG ZLWK DQWLSV\FKRWLF
GUXJLQGXFHGZHLJKWJDLQLQ&DXFDVLDQVXEMHFWVZLWKD¿UVWHSLVRGHSV\FKR
VLV3KDUPDFRJHQHWLFVLQSUHVV
6
3KDUPDFRJHQHWLFVLQ)LUVW(SLVRGH6FKL]RSKUHQLD(IIHFWRI
'5'3URPRWHU5HJLRQ9DULDWLRQ
$QLO.0DOKRWUD
86$
7RGG/HQF].H;X0DUJDUHW:RHUQHU-RKQ0.DQH
'HOEHUW*5RELQVRQ'DYLG*ROGPDQ
'RSDPLQH'UHFHSWRUEORFNDGHLVDSURSHUW\RIDOONQRZQDQWLSV\FKRWLFV
\HWDSUHGLFWLYHUHODWLRQVKLSEHWZHHQYDULDWLRQLQWKHGRSDPLQH'UHFHSWRU
JHQH'5'DQGPHGLFDWLRQUHVSRQVHKDVQRWEHHQFOHDUO\HVWDEOLVKHG2QH
SRVVLEOHUHDVRQLVWKDWORQJWHUPWUHDWPHQWZLWKDQWLSV\FKRWLFVFDXVHVVXE
VWDQWLDOFKDQJHVVSHFL¿FDOO\XSUHJXODWLRQLQGRSDPLQHUHFHSWRU
SK\VLRORJ\7KXVVWXGLHVXWLOL]LQJ¿UVWHSLVRGHSDWLHQWVZKRDUHWUHDWPHQW
QDLYHPD\EHPHWKRGRORJLFDOO\DGYDQWDJHRXV LQH[DPLQLQJHIIHFWVRI WKLV
JHQH
:HKDYHUHFHQWO\FRPSOHWHGDQH[DPLQDWLRQRI WZRSRO\PRUSKLVPVLQWKH
'5'SURPRWHUUHJLRQ$*DQG&,QV'HODQGWKHLUUHODWLRQVKLS
WRFOLQLFDOUHVSRQVHLQDFRKRUWRI¿UVWHSLVRGHSDWLHQWVHQUROOHGLQDFOLQLFDO
WULDO RI RODQ]DSLQH YV ULVSHULGRQH7LPH XQWLO VXVWDLQHG UHVSRQVH VWULFWO\
GH¿QHGIRUUDUHDOOHOHFDUULHUVYVZLOGW\SHVZDVH[DPLQHGXVLQJ.DSODQ
0HLHU FXUYHV 3UHOLPLQDU\ UHVXOWV LQGLFDWH WKDW ERWK SRO\PRUSKLVPVZHUH
VLJQL¿FDQWO\DVVRFLDWHGZLWKWLPHXQWLOUHVSRQVHZLWKDWZRIROGGLIIHUHQFH
LQRYHUDOOUHVSRQVHUDWHVDWWKHFRPSOHWLRQRIWKHZHHNWULDO7KHVHGDWD
SURYLGHPROHFXODUJHQHWLFVXSSRUWIRUWKHGRSDPLQHK\SRWKHVLVRIDQWLSV\
FKRWLF DFWLRQ DQGPD\KHOS H[SODLQ WKH YDULDWLRQ LQ WKH WLPLQJRI FOLQLFDO
UHVSRQVH
6
3UHGLFWRUVRI5HVSRQVHWR&OR]DSLQH&XUUHQW6WDWXV
0DULD-$UUDQ]
&OLQLFDO1HXURSKDUPDFRORJ\,QVWLWXWHRI3V\FKLDWU\.&/
/RQGRQ8.
5.HUZLQ
&OR]DSLQHLVZLGHO\DFFHSWHGDVWKHPRVWHI¿FLHQWDQWLSV\FKRWLFIRUWKHWUHDW
PHQWRIUHIUDFWRU\VFKL]RSKUHQLDGHVSLWHWKHVHYHUHDJUDQXORF\WRVLVDVVRFL
DWHGZLWKLWVXVH1HYHUWKHOHVVFOR]DSLQHUHPDLQVWKHGUXJRIFKRLFHIRUWKH
039#(/0(!2-!#/,/'9¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
WUHDWPHQWRIUHIUDFWRU\VFKL]RSKUHQLDDOWKRXJKLWVXVHLVUHODWLYHO\OLPLWHG
GXHWRWKHFRPSXOVRU\FHOOPRQLWRULQJUHTXLUHGIRUFOR]DSLQHXVHUV,GHQWL
¿FDWLRQRI LQGLYLGXDOV OLNHO\ WR UHVSRQGDGHTXDWHO\ WRFOR]DSLQH WUHDWPHQW
ZRXOGGUDPDWLFDOO\LQFUHDVHWKHQXPEHURISDWLHQWVZKRFRXOGEHQH¿WIURP
WKLVHI¿FLHQWGUXJ&OLQLFDO LQGLFDWRUV VXFKDVZHLJKWJDLQJHQGHUDJHRI
RQVHWDQGSUHWUHDWPHQWSDUDQRLGV\PSWRPVKDYHEHHQVXJJHVWHGWRSUHGLFW
WRVRPHH[WHQWWKHOHYHORIFOR]DSLQHUHVSRQVH3KDUPDFRJHQHWLFUHVHDUFK
KDVWULHGWRLPSURYHRQFOLQLFDOLQGLFDWRUVE\LQYHVWLJDWLQJWKHLQGLYLGXDOµV
JHQHWLF SUHGLVSRVLWLRQ 6HYHUDO JHQHWLF PXWDWLRQV LQ GRSDPLQHUJLF DQG
VHURWRQHUJLFUHFHSWRUVDQGLQQHXURWUDQVPLWWHUWUDQVSRUWHUVKDYHEHHQLQGH
SHQGHQWO\DVVRFLDWHGWRFOR]DSLQHUHVSRQVHYDULDELOLW\+RZHYHULPSURYHG
SUHGLFWLRQ OHYHOV FDQEHREWDLQHGE\ FRPELQLQJ LQIRUPDWLRQ LQNH\JHQHV
UHODWHGWRFOR]DSLQHWDUJHWHGUHFHSWRUVDQGQHXURWUDQVPLWWHUWUDQVSRUWHUV,Q
DSUHYLRXVVWXG\ZHUHSRUWHGWKHIHDVLELOLW\RISUHGLFWLQJFOR]DSLQHUHVSRQVH
XVLQJDWHVWWKDWFRPELQHGJHQHWLFLQIRUPDWLRQDWVHYHUDONH\JHQHV5HFHQW
LPSURYHPHQWVWRWKLVVWUDWHJ\KDYHLQFUHDVHGWKHVXFFHVVRIWKHSUHGLFWLRQ
OHYHOVWRDURXQG$OWKRXJKVWLOOXQGHUGHYHORSPHQWWKLVSUHGLFWLRQWHVW
FRXOGKHOSWRLGHQWLI\SDWLHQWVZKRZRXOGEHQH¿WIURPFOR]DSLQHDWWKHVWDUW
RIWKHLUWUHDWPHQW3KDUPDFRJHQHWLFSUHGLFWLRQWHVWVEDVHGRQJHQHFRPELQD
WLRQVWUDWHJLHVDUHSRVHGWREHFRPHDXVHIXOSV\FKLDWULFSUHVFULSWLRQWRROLQ
WKHQHDUIXWXUH
6
7KH'HOD\HG2QVHWRI$QWLSV\FKRWLFDQG$QWLGHSUHVVDQW
$FWLRQ:KHUHµVWKH'HOD\"
6
7KH$OPRVW,PPHGLDWH2QVHWRI$QWL³3V\FKRWLF´(IIHFW
6KLWLM.DSXU
&$0+DQGWKH8QLYHUVLW\RI7RURQWR&DQDGD
2IHU$JLG5REHUW=LSXUVN\
2EMHFWLYHV,WLVFRQYHQWLRQDOO\DVVXPHGDQGUHSHDWHGLQPDQ\WH[WVWKDW
WKHUHLVDGHOD\HG³RQVHW´RIDQWLSV\FKRWLFDFWLRQ1RWRQO\LVWKLVLGHDZHOO
HQWUHQFKHG LW KDV HQFRXUDJHG EDVLF VFLHQWLVWV WR ORRN IRU QHXURELRORJLFDO
H[SODQDWLRQVIRUWKLVGHOD\%XWLVWKH³RQVHW´RIDQWLSV\FKRWLFDFWLRQUHDOO\
GHOD\HG"7KHREMHFWLYHRIWKLVUHSRUWLVWRH[DPLQHWKLVLVVXH
0HWKRGV([DPLQDWLRQRI WKHSDFHRIRQVHWXVLQJPHWDQDO\VLVDQGVLQJOH
VWXG\FRQWUROOHGFOLQLFDOWULDOV
5HVXOWV$UHFHQWPHWDDQDO\VLVLQYROYLQJRYHUSDWLHQWVLQFRQWUROOHG
WULDOV UHFHLYLQJ KDORSHULGRO FKORUSURPD]LQH ULVSHULGRQH DQG RODQ]DSLQH
IRXQG WKDW WKHDQWLSV\FKRWLFVGLIIHUHQWLDWH WKHPVHOYHV IURPSODFHER LQ WKH
YHU\¿UVWZHHN7KLVLVQRWMXVWDQRQVSHFL¿FLPSURYHPHQWEXWLVVSHFL¿F
WRSV\FKRWLFV\PSWRPV$PRUHUHFHQWVWXG\IURPRXUJURXSH[DPLQHGKRZ
HDUO\ZLWKLQWKH¿UVWZHHNWKLVFKDQJHFDQEHREVHUYHG:HDQDO\VHGGDWD
IURPSDWLHQWVLQFOXGHGLQDPXOWLFHQWUHGRXEOHEOLQGSODFHERFRQWURO
OHG VWXG\ RI DFXWH H[DFHUEDWLRQ RI SV\FKRVLV WKDW LQYROYHG UDQGRPL]LQJ
VXEMHFWVWR,0RODQ]DSLQHPJ,0KDORSHULGROPJRU,0SODFHER
2ODQ]DSLQH DQG KDORSHULGRO JURXSV VKRZHG JUHDWHU UHVROXWLRQ RI RYHUDOO
V\PSWRPDWRORJ\ WKDQ SODFHERZLWKLQ  KRXUV$ IDFWRU DQDO\VLV VKRZHG
WKDWDQLQGHSHQGHQWFKDQJHLQWKHSV\FKRVLVIDFWRUFRQFHSWXDOGLVRUJDQL]D
WLRQKDOOXFLQDWRU\EHKDYLRXUXQXVXDOWKRXJKWFRQWHQWZDVHYLGHQWZLWKLQ
WKH¿UVWKRXUVIRUERWKGUXJV7KLVLPSURYHPHQWLQFRUHSV\FKRVLVZDV
QRWPHGLDWHGRUPRGHUDWHGE\FKDQJHVLQRWKHUSV\FKRSDWKRORJ\DQGDSDWK
DQDO\VLV FRQ¿UPHG WKDW WKLV HDUO\ SV\FKRVLV LPSURYHPHQW LV QRW XQLGLUHF
WLRQDOO\FDXVHGE\FKDQJHVLQRWKHUIDFWRUV
&RQFOXVLRQV 5HVSRQVH WR DQWLSV\FKRWLF PHGLFDWLRQV EHJLQV ZLWKLQ WKH
¿UVW IHZ GD\V RI LQLWLDWLQJ WUHDWPHQW 7KLV HIIHFW LV VSHFL¿F LQ WKDW LW LV
GLVWLQJXLVKDEOHIURPVHGDWLRQDQGSODFHERUHVSRQVHDQGLWSUHGLFWVORQJHU
WHUP FKDQJHV 6WXGLHV IURP RWKHU JURXSV H[DPLQLQJ GUXJV DV GLYHUVH DV
DPLVXOSLULGH DQGTXHWLDSLQH VXSSRUW WKH VDPHFRQFOXVLRQ7KXV LW LV WLPH
WRUHFRQVLGHU WKH LGHDRI³GHOD\HG´RQVHW±DQGWRUHWKLQNWKHFOLQLFDODQG
PHFKDQLVWLFLPSOLFDWLRQVRIHDUO\RQVHW
5HIHUHQFHV
$JLG2HWDO'HOD\HGRQVHWK\SRWKHVLVRIDQWLSV\FKRWLFDFWLRQDK\SRWK
HVLVWHVWHGDQGUHMHFWHG$UFK*HQ3V\FKLDWU\S
.DSXU6HWDO,PPHGLDWHRQVHWRIWKHDQWLSV\FKRWLFHIIHFWWKHHDUO\RQVHW
K\SRWKHVLV$PHULFDQ-RXUQDORI3V\FKLDWU\S,Q3UHVV
6
(DUO\,PSURYHPHQWDVD3UHGLFWRURI7UHDWPHQW2XWFRPHZLWK
$QWLGHSUHVVDQWV:K\WKH)LUVW:HHNVRI7UHDWPHQW5HDOO\
0DWWHU
$UPLQ6]HJHGL
'HSDUWPHQWRI3V\FKLDWU\&KDULWH&%)%HUOLQ*HUPDQ\
-XOHV$QJVW+DQV+6WDVVHQ
2EMHFWLYHV &XUUHQW FOLQLFDO NQRZOHGJH KROGV WKDW PRVW DQWLGHSUHVVDQWV
KDYHDGHOD\HGRQVHWRIHI¿FDF\+RZHYHUWKHGHOD\HGRQVHWK\SRWKHVLVKDV
EHHQTXHVWLRQHGE\UHFHQWGDWD:HDQDO\]HGWKHSUHGLFWLYHYDOXHRIHDUO\
LPSURYHPHQWIRUWUHDWPHQWRXWFRPHZLWKDQWLGHSUHVVDQWV
0HWKRGV ,Q DQ DQDO\VLV RI WKH GDWD RI  SDWLHQWV =ULFK GDWD VHW
WUHDWHG ZLWK  GLIIHUHQW DQWLGHSUHVVDQWV DQG SODFHER ZH XVHG VXUYLYDO
DQDO\WLFDOPHWKRGVLQRUGHUWRGLIIHUHQWLDWHEHWZHHQHI¿FDF\LQWHUPVRI
WKHQXPEHURIUHVSRQGHUVDQGHI¿FDF\LQ WHUPVRI WKHVSHHGDWZKLFK
V\PSWRPVDUHUHGXFHG)XUWKHUPRUHZHDQDO\VHGGDWDIURPDPHWDDQDO\VLV
IURPUDQGRPLVHGGRXEOHEOLQGFRQWUROOHGWULDOVZLWKPLUWD]DSLQHFRPSDUHG
ZLWKYDULRXV665,V LQSDWLHQWVZLWKPDMRUGHSUHVVLRQ '60,9:HFDO
FXODWHG WKH UDWHV RI LPSURYHPHQW VWDEOH UHVSRQVH DQG VWDEOH UHPLVVLRQ DW
WKHGLIIHUHQW WLPHSRLQWV GXULQJ WUHDWPHQW ,PSURYHPHQWZDVGH¿QHG DV D
LWHP+DPLOWRQ5DWLQJ6FDOHIRU'HSUHVVLRQ+$0'VFRUHUHGXF
WLRQRI! 6WDEOHUHVSRQVHRUUHPLVVLRQZDVGH¿QHGDVUHVSRQVHRU
UHPLVVLRQUHVSHFWLYHO\EHLQJSUHVHQWERWKDWZHHNDQGZHHNZKLFKLV
FOLQLFDOO\GHVLUDEOHDQGUHOHYDQW6HQVLWLYLW\VSHFL¿FLW\SRVLWLYHSUHGLFWLYH
YDOXH339DQGQHJDWLYHSUHGLFWLYHYDOXH139ZHUHFDOFXODWHG
5HVXOWV2XU UHVXOWV IURP WKH=ULFK GDWD VHW \LHOGHG FOHDU HYLGHQFH WKDW
WKH GLIIHUHQFHV DPRQJ DFWLYH GUXJV DV ZHOO DV EHWZHHQ DFWLYH GUXJV DQG
SODFHERSULPDULO\UHODWHWRWKHQXPEHURIUHVSRQGHUVDVZHOODVWRWKHVLGH
HIIHFWSUR¿OHVEXWQRWWRWKHWLPHFKDUDFWHULVWLFVRIUHVSRQVH7KHRQVHWRI
LPSURYHPHQWRFFXUUHGLQWRRIDOOUHVSRQGHUVZLWKLQWKH¿UVWWZR
ZHHNV RI WUHDWPHQW (DUO\ LPSURYHPHQWZDV IRXQG WR EH WR D VXEVWDQWLDO
SDUW GUXJLQGXFHG DQGKLJKO\SUHGLFWLYHRI ODWHU UHVSRQVH ,Q WKHPLUWD]D
SLQH665,PHWDDQDO\VLV HDUO\ LPSURYHPHQW DIWHU ZHHNV RI WUHDWPHQW
DOVRZDVDKLJKO\VHQVLWLYHSUHGLFWRURIODWHUVWDEOHUHVSRQVHPLUWD]DSLQH
 665,  DQG VWDEOH UHPLVVLRQ IRU ERWK GUXJV PLUWD]DSLQH
665,$IWHUZHHNVRIWUHDWPHQWRQO\DERXWRIWKH
SDWLHQWV ZKR KDG QRW \HW LPSURYHG EHFDPH D VWDEOH UHVSRQGHU RU VWDEOH
UHPLWWHULQWKHODWHUFRXUVH
&RQFOXVLRQV7KHVHHPSLULFDOO\GHULYHGGDWDVXJJHVWWKDWWKHHDUO\LQGLYLG
XDOFRXUVHRILPSURYHPHQWLVRIPDMRUUHOHYDQFHIRUDSDWLHQWVLQGLYLGXDO
WUHDWPHQWRXWFRPHDQGSURYLGHLPSRUWDQWFOLQLFDOFOXHVIRUDQLQGLYLGXDOO\
WDLORUHGDQWLGHSUHVVDQWWUHDWPHQW
5HIHUHQFHV
6WDVVHQ++$QJVW -'HOD\HG RQVHW RI DFWLRQ RI DQWLGHSUHVVDQWV )DFW RU
¿FWLRQ"&16'UXJV
6WDVVHQ++$QJVW-'HOLQL6WXOD$'HOD\HGRQVHWRIDFWLRQRIDQWLGHSUHV
VDQWGUXJV"6XUYH\RIUHFHQWUHVXOWV3KDUPDFRSV\FKLDWU\
6]HJHGL $ 0OOHU 0 $QJKHOHVFX , .ODZH & .RKQHQ 5 %HQNHUW 2
(DUO\ LPSURYHPHQWXQGHUPLUWD]DSLQHDQGSDUR[HWLQHSUHGLFWV ODWHU VWDEOH
UHVSRQVHDQGUHPLVVLRQZLWKKLJKVHQVLWLYLW\LQSDWLHQWVZLWK0DMRU'HSUHV
VLRQ-&OLQ3V\FKLDWU\
6
&HUHEUDO&KDQJHV$VVRFLDWHGWKH)LUVW'RVHRI5LVSHULGRQH
3HWHU)/LGGOH
8QLYHUVLW\RI1RWWLQJKDP8.
&DURO-/DQH(OWRQ7&1JDQ
2EMHFWLYHV 'XULQJ WUHDWPHQW WULDOV RI DQWLSV\FKRWLF PHGLFDWLRQ WKH WLPH
FRXUVH JHQHUDOO\ LQGLFDWHV WKDW WKHPRVW UDSLG GHFUHDVH RI V\PSWRPV RF
FXUV LQ WKH ¿UVWZHHN HYHQ WKRXJK WKH UHGXFWLRQ LQ V\PSWRPV LV XVXDOO\
QRWVWDWLVWLFDOO\VLJQL¿FDQWXQWLODIWHUVHYHUDOZHHNV7KLVREVHUYDWLRQVXJ
JHVWV WKDW WKHPHGLFDWLRQLQGXFHG FKDQJHV LQ EUDLQ IXQFWLRQ WKDW XQGHUOLH
WKHWKHUDSHXWLFHIIHFWRFFXUYHU\HDUO\LQWKHFRXUVHRIWUHDWPHQW:HKDYH
SHUIRUPHGDVWXG\WRWHVWWKHK\SRWKHVLVWKDWWKHFKDQJHVLQUHJLRQDOEUDLQ
PHWDEROLVPDVVRFLDWHGZLWKWKHWKHUDSHXWLFHIIHFWFDQEHGHWHFWHGZLWKLQ
KRXUVRI WKH LQLWLDWLRQRI WUHDWPHQWZLWKDQWLSV\FKRWLFPHGLFDWLRQ LQ¿UVW
HSLVRGHVFKL]RSKUHQLD
0HWKRGV3(7ZLWK WKH WUDFHU )ÀXRURGHR[\JOXFRVHZDVHPSOR\HG WR
039#(/0(!2-!#/,/'9¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
PHDVXUHUHJLRQDOEUDLQJOXFRVHPHWDEROLVPLQPHGLFDWLRQQDwYHSDWLHQWV
ZLWKVFKL]RSKUHQLDSULRUWRLQLWLDWLRQRIWUHDWPHQWPLQXWHVDIWHUWKHLQL
WLDOPJGRVHRIWKHDQWLSV\FKRWLFULVSHULGRQHDQGDJDLQDIWHUZHHNVRI
WUHDWPHQWZLWKULVSHULGRQH/LGGOHHWDO6WDWLVWLFDO3DUDPHWULF0DS
SLQJVRIWZDUHZDVHPSOR\HGWRLGHQWLI\VLJQL¿FDQWFKDQJHVLQUHJLRQDOPH
WDEROLVPDVVRFLDWHGZLWKWKH¿UVWGRVHRIULVSHULGRQHDQGDOVRWKHFKDQJHV
IURPEDVHOLQHDIWHUZHHNVWUHDWPHQW
5HVXOWV)ROORZLQJWKH¿UVWGRVHRIULVSHULGRQHWKHUHZHUHGHFUHDVHVLQFHU
HEUDOPHWDEROLVPLQSUHIURQWDOFRUWH[YHQWUDOVWULDWXPWKDODPXVDQGDOVRLQ
WKHOHIWKLSSRFDPSXV7KHPDJQLWXGHRIWKHPHWDEROLVPUHGXFWLRQLQWKHKLS
SRFDPSXVDIWHUWKH¿UVWGRVHSUHGLFWHGWKHFKDQJHLQVHYHULW\RIGHOXVLRQV
DQGKDOOXFLQDWLRQVDIWHUZHHNVU $IWHUZHHNVWKHUHGXFWLRQVLQ
PHWDEROLVPLQIURQWDOFRUWH[DQGLQOHIWWHPSRUDOOREHZHUHODUJHUDQGPRUH
H[WHQVLYH7KHUHGXFWLRQLQIURQWDOPHWDEROLVPZDVFRUUHODWHGZLWKWKHUH
GXFWLRQLQWRWDOSRVLWLYHV\PSWRPVHYHULW\U ZKLOHWKHUHGXFWLRQLQ
KLSSRFDPSDOPHWDEROLVPZDVFRUUHODWHGZLWKWKHUHGXFWLRQRIGHOXVLRQVDQG
KDOOXFLQDWLRQVU 
&RQFOXVLRQV7KHDQWLSV\FKRWLFHIIHFWRIULVSHULGRQHLVUHODWHGWRUHGXFWLRQV
LQFHUHEUDOPHWDEROLVPLQERWKWKHOHIWWHPSRUDOOREHDQGLQPHGLDOIURQWDO
FRUWH[7KHVHUHGXFWLRQVLQPHWDEROLVPFDQEHGHWHFWHGZLWKLQKRXUVRIWKH
¿UVWGRVHRIULVSHULGRQH WKRXJKWKHFKDQJHV LQPHWDEROLVPDUH ODUJHUDQG
PRUHH[WHQVLYHDIWHUZHHNVRIWUHDWPHQW
5HIHUHQFHV
/LGGOH 3) /DQH&0-1JDQ7&  ,PPHGLDWH HIIHFWV RI ULVSHULGRQH
RQ FRUWLFRVWULDWRWKDODPLF ORRSV DQG WKH KLSSRFDPSXV%ULWLVK -RXUQDO RI
3V\FKLDWU\
6
$VVHVVPHQWRIWKH2QVHWRI$FWLRQZLWK3V\FKRWURSLF'UXJV
,PSOLFDWLRQVIRU3KDUPDFRJHQHWLFV
+DQV+6WDVVHQ
3V\FKLDWULF8QLYHUVLW\+RVSLWDO=XULFK6ZLW]HUODQG
-XOHV$QJVW1RUEHUW'DKPHQ,QD*LHJOLQJ'DQLHO+HOO
'DQ5XMHVFX7KRPDV6DQGHU0RKDPPDG57ROLDW
$UPLQ6]HJHGL
2EMHFWLYHV2XULQYHVWLJDWLRQVLQWRWKHWLPHFKDUDFWHULVWLFVRISV\FKRWURSLF
GUXJ UHVSRQVH HQFRPSDVVLQJ ¶ SDWLHQWV WUHDWHGZLWK DQWLGHSUHVVDQWV
DQWLSV\FKRWLFVDQGSODFHERUHYHDOHGWKDWHIIHFWLYHSV\FKRWURSLFGUXJVPHUH
O\WULJJHUDQGPDLQWDLQFRQGLWLRQVQHFHVVDU\IRUUHFRYHU\ZKHUHDVWKHWLPH
FRXUVHRILPSURYHPHQWLVYLUWXDOO\LGHQWLFDOXQGHUDOOWUHDWPHQWVDQGDFURVV
JHQGHU7KHYHU\VLPLODUDSSUR[LPDWHO\QRUPDOO\GLVWULEXWHGWLPHSRLQWVRI
RQVHWRI LPSURYHPHQWSDUWLFXODUO\VXSSRUW WKHH[LVWHQFHRIDJHQHWLFEDVLV
XQGHUO\LQJWKHVHWLPHFKDUDFWHULVWLFV
0HWKRGV7R LQYHVWLJDWH WKH JHQHWLF SUHGLVSRVLWLRQ WR WKH WLPH FKDUDFWHU
LVWLFV RI SV\FKRWURSLF GUXJ UHVSRQVH ZH FDUULHG RXW D PROHFXODUJHQHWLF
VWXG\RI SDWLHQWV WUHDWHGZLWK WKHDQWLGHSUHVVDQWVPLUWD]DSLQHDQG
SDUR[HWLQH LQ D GRXEOHEOLQG VL[ZHHN WULDO DQG   SDWLHQWV WUHDWHG
ZLWK WKH DQWLSV\FKRWLFV KDORSHULGRO DQG ULVSHULGRQH LQ WZR LQGHSHQGHQW
FOLQLFDOVWXGLHV2QVHWRILPSURYHPHQWZDVGHWHUPLQHGIRUHDFKLQGLYLGXDO
SDWLHQWE\VXUYLYDODQDO\WLFDOPHWKRGVXVLQJ+$0'DQG3$166JHQHUDO
SV\FKRSDWKRORJ\VFRUHVVXEMHFWWRVXVWDLQHGLPSURYHPHQWTXDQWLWDWLYH
SKHQRW\SH:HJHQRW\SHG WKHSDWLHQWV¶'1$IRUDVHWRIFDQGLGDWHJHQHV
LQFOXGLQJPLFURVDWHOOLWHVDQG613VDORQJZLWKSRO\PRUSKLVPV
XVHGWRTXDQWLI\³ELRORJLFDO´HWKQLFLW\)ROORZLQJDJHQHUDOL]HGKDSORW\SH
PRGHO VXEVHWV RI WKH UHVSHFWLYH JHQRW\SHV DOOHOH FRPELQDWLRQV ZHUH
V\VWHPDWLFDOO\FRPELQHGLQWRPXOWLGLPHQVLRQDOIHDWXUHYHFWRUVTXDQWLWDWLYH
JHQRW\SHDQGFRUUHODWHGZLWKWKHSKHQRW\SH
5HVXOWV8QLYDULDWHDQDO\VHV\LHOGHGDVRPHZKDWLQFRQVLVWHQWSLFWXUHLQVR
IDUDVFRPSDULVRQVEHWZHHQDUELWUDULO\FKRVHQVXEVHWVRISDWLHQWVOHGWR
VLPLODUUHVXOWVDVFRPSDULVRQVEHWZHHQUHVSRQGHUVDQGQRQUHVSRQGHUVDQG
SUR[LPDWHVDPHJHQH613VUHYHDOHGYHU\FRPSOH[SDWWHUQVRIDVVRFLD
WLRQ%\FRQWUDVWPXOWLYDULDWHDQDO\VHV\LHOGHGVHYHUDO³VWDEOH´FRQ¿JXUD
WLRQVRIJHQRPLFORFLGLVSOD\LQJDKLJKO\VLJQL¿FDQWFRUUHODWLRQZLWKRQVHW
RILPSURYHPHQW8SWRRIWKHREVHUYHGSKHQRW\SLFYDULDQFHFRXOGEH
H[SODLQHGE\WKHVHPRGHOV6SHFL¿FDOO\ZHIRXQGVLPLODUFRQ¿JXUDWLRQVRI
JHQHV³H[SODLQLQJ´WKHWLPHFKDUDFWHULVWLFVRIUHVSRQVHXQGHUERWKDQWLGH
SUHVVDQWVDQGDQWLSV\FKRWLFV
&RQFOXVLRQV 5HVSRQVH WR SV\FKRWURSLF GUXJ WUHDWPHQW WKXV DSSHDUV
VXEVWDQWLDOO\ GHWHUPLQHG E\ DQ XQVSHFL¿F ³UHFRYHU\JHQHWLF´ FRPSRQHQW
ZKLFKLVLQGHSHQGHQWRIWUHDWPHQWPRGDOLW\DQGWULJJHUHGE\YDULRXVH[RJ
HQRXVDQGHQGRJHQRXVIDFWRUV
6
7KH3KDUPDFRNLQHWLFVRI3V\FKRWURSLF'UXJVLQ%UDLQDQG
3ODVPD,WV5HOHYDQFHIRU(YHU\GD\3DWLHQW&DUH
6
'LVSRVLWLRQRI$QWLGHSUHVVDQW'UXJVLQ6HUXPDQG%UDLQLQ
5DWV
)LQQ%HQJWVVRQ
/LQN|SLQJ6ZHGHQ
2EMHFWLYHV 7KHUDSHXWLF 'UXJ 0RQLWRULQJ 7'0 LV FRPPRQO\ DSSOLHG
ZKHQ WUHDWLQJ SDWLHQWV ZLWK DQWLGHSUHVVDQW GUXJV 6WLOO H[SHULPHQWDO DQG
FOLQLFDOVWXGLHVRQWKHH[WUDYHUVXVLQWUDFHUHEUDOGLVSRVLWLRQRIVXFKGUXJV
KDYHEHHQJURVVO\QHJOHFWHG
0HWKRGV$Q LQ YLYR DQLPDOPRGHO ZDV XVHG WR VWXG\ WKH FRQFHQWUDWLRQ
RXWFRPHRI WZRQHZHU DQWLGHSUHVVDQW GUXJV WKH665, FLWDORSUDPDQG WKH
615,YHQODID[LQH,QGHHGDIWHUUDFHPLFV\VWHPLFVLQJOHRUFKURQLFDGPLQ
LVWUDWLRQ RI WKH WZR GXJV HQDQWLRPHUVHOHFWLYH 6 DQG5FLWDORSUDP SOXV
PDLQPHWDEROLWHVDVZHOODV6DQG5YHQODID[LQHSOXVPDLQPHWDEROLWHV
UHVSHFWLYHO\ZHUHPHDVXUHGLQVHUXPEUDLQSDUHQFK\PDDQGWKHEUDLQH[WUD
FHOOXODUFRPSDUWPHQW7KHODWWHUE\DSSO\LQJEUDLQPLFURGLDO\VLVWHFKQLTXH
5HVXOWV ,WZDVREVHUYHG WKDW WKHDFWXDOFRPSRVLWH 65GUXJFRQFHQWUD
WLRQVZHUHDERXWRQHRUGHURIPDJQLWXGHKLJKHU LQEUDLQSDUHQFK\PDDQG
DERXWRQHRUGHURIPDJQLWXGHORZHULQWKHEUDLQH[WUDFHOOXODUFRPSDUWPHQW
FRPSDUHG ZLWK WKDW GHWHUPLQHG LQ VHUXP LQ VWHDG\VWDWH FRQGLWLRQV 7KH
FRUUHODWLRQV EHWZHHQ WKH VHUXP DQG GLIIHUHQW LQWUDFHUHEUDO GUXJ DQG GUXJ
PHWDEROLWH FRQFHQWUDWLRQV ZHUH KRZHYHU PRVW RIWHQ IRXQG WR EH VWURQJ
,Q VRPH FDVHV WKRXJK WKH SURSRUWLRQV RI WKH 6 DQG 5HQDQWLRPHUV RI
FRPSRXQGVZHUHIRXQGWRGLIIHUEHWZHHQVHUXPDQGWKDWREWDLQHGLQEUDLQ
FRPSDUWPHQWVPDNLQJDGHWDLOHG VWHUHRSKDUPDFRORJLFDORXWFRPHRQ VXFK
UDFHPLFDQWLGHSUHVVDQWGUXJVKLJKO\MXVWL¿HGIRUIXUWKHUUHVHDUFK
&RQFOXVLRQV %DVLF IXQGDPHQWV IRU SURPRWLQJ 7'0 LQ WKH FOLQLF VHHPV
MXVWL¿HGE\HYLGHQFLQJDVWURQJFRUUHODWLRQEHWZHHQVHUXPDQGEUDLQOHYHOV
RIDQWLGHSUHVVDQWGUXJVLQWKLVH[SHULPHQWDOLQYLYRSDUDGLJP+RZHYHUWKH
SRWHQWLDOGLIIHUHQFHEHWZHHQHQDQWLRPHUVRIVXFKGUXJVZKHQDGPLQLVWHUHG
DVUDFHPLFSUHSDUDWLRQVFDOOVIRUIXUWKHULQYHVWLJDWLRQV
6
3ODVPD&RQFHQWUDWLRQVRI1HZ$QWLSV\FKRWLF'UXJVDQG
&OLQLFDO(IIHFWV
&KULVWRSK+LHPNH
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\RI0DLQ]0DLQ]*HUPDQ\
$OHNVDQGUD'UDJLFHYLF0DWWKLDV-0OOHU
2EMHFWLYHV 7KRXJK D QXPEHU RI QHZ DQWLSV\FKRWLF GUXJV KDYH EHHQ
LQWURGXFH GXULQJ WKH ODVW  \HDUV DQG LPSURYHG WKH SKDUPDFRWKHUDS\ RI
VFKL]RSKUHQLF GLVRUGHUV LQVXI¿FLHQW UHVSRQVH LV VWLOO D SUREOHP IRU PDQ\
SDWLHQWV:H DQDO\]HG LI WUHDWPHQW FDQ EH RSWLPL]HG E\ PRQLWRULQJ GUXJ
FRQFHQWUDWLRQVLQEORRG
0HWKRGV %ORRG VDPSOHV ZHUH WDNHQ IURP VFKL]RSKUHQLF SDWLHQWV WUHDWHG
XQGHU QDWXUDOLVWLF FRQGLWLRQV ZLWK RODQ]DSLQH DPLVXOSULGH TXHWLDSLQH RU
]LSUDVLGRQHDQGGHWHUPLQHGGUXJFRQFHQWUDWLRQVLQSODVPDDQGUHODWHGWKHP
WR WKHUDSHXWLF HIIHFWV DFFRUGLQJ WR WKH&OLQLFDO*OREDO ,PSUHVVLRQV &*,
VFDOHDQGVLGHHIIHFWV
5HVXOWV 3ODVPD FRQFHQWUDWLRQV RI DOO DQWLSV\FKRWLF GUXJV ZHUH KLJKO\
YDULDEOH EHWZHHQ LQGLYLGXDOV ZLWK SRRU FRUUHODWLRQV EHWZHHQ GDLO\ GRVHV
DQGSODVPDFRQFHQWUDWLRQV5HWURVSHFWLYHDQDO\VHVUHYHDOHGWKDWWKHFOLQLFDO
LPSURYHPHQWZDVEHWWHULQSDWLHQWVZLWKSODVPDOHYHOVRIDPLVXOSULGHDERYH
 QJPO TXHWLDSLQH DERYH  QJPO RODQ]DSLQH DERYH  QJPO WKDQ
LQSDWLHQWVZLWK ORZHU OHYHOV0RUHRYHU LQSDWLHQWV IRUZKRPVLGHHIIHFWV
ZHUHUHSRUWHGWKHPHDQSODVPDFRQFHQWUDWLRQVZHUHKLJKHUWKDQLQSDWLHQWV
ZLWKRXWVLGHHIIHFWV
&RQFOXVLRQV (YLGHQFH LV JURZLQJ WKDW WKHUDSHXWLF GUXJ PRQLWRULQJ KDV
EHQH¿FLDO HIIHFWV IRU SDWLHQWV WUHDWHG ZLWK WKH QHZ DQWLSV\FKRWLF GUXJV
HVSHFLDOO\LQSDWLHQWVXEJURXSVOLNHWKHHOGHUO\ZKRDUHPRUHSURQHWRVLGH
HIIHFWVWKDQ\RXQJLQGLYLGXDOV
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
5HIHUHQFHV
%DXPDQQHWDO7KH$*137'0H[SHUWJURXSFRQVHQVXVJXLGHOLQHV
7KHUDSHXWLFGUXJPRQLWRULQJLQSV\FKLDWU\
6
6HURWRQLQ7UDQVSRUWHU,PDJLQJGXULQJ7UHDWPHQWZLWK
$QWLGHSUHVVDQWV
-RKDQQHV7DXVFKHU
(OL/LOO\DQG&R,QGLDQDSROLV,186$'HSDUWPHQWRI*HQHUDO
3V\FKLDWU\0HG8QLYRI9LHQQD$XVWULD
5HFHQW DGYDQFHV LQ QHXURLPDJLQJZLWK 3(7 RU 63(&7 DQG DSSURSULDWHO\
UDGLRODEHOOHG OLJDQGV IRU VHURWRQLQ WUDQVSRUWHU 6(57 OHG WRQHZ LQVLJKWV
LQWRGRVLQJDQGWKHPHFKDQLVPRIDFWLRQRIDQWLGHSUHVVDQWV(DUO\DWWHPSWV
XVLQJ>,@ȕ&,7DQG63(&7GHPRQVWUDWHGVXEVWDQWLDOLQYLYREORFNDGHRI
6(57 GXULQJ WUHDWPHQW ZLWK ÀXR[HWLQH 7DXVFKHU HW DO  +RZHYHU
>,@ȕ&,7SURGXFHVDUHODWLYHO\QRLV\VLJQDODQGLVQRWVSHFL¿FIRU6(57
&RQVHTXHQWO\QHZWUDFHUVIRU6(57ZHUHGHYHORSHGVKRZLQJDEHWWHUVLJ
QDOWRQRLVHUDWLRVXFKDV>&@'$6%IRU3(7RU>,@$'$0IRU63(&7
>&@'$6%DQG3(7KDVEHHQXVHG WRGHWHUPLQH6(57RFFXSDQF\ OHYHOV
GXULQJWUHDWPHQWZLWK665,DQGYHQODID[LQH8VLQJWKLVSDUWLFXODUPHWKRG
0H\HU HW DO  UHSRUWHG YHU\ KLJK OHYHOV RI DSSUR[LPDWHO\ 
6(57RFFXSDQF\GXULQJWUHDWPHQWZLWKFOLQLFDOO\XVHGGRVHVRISDUR[HWLQH
DQGFLWDORSUDP,QDQRWKHUVHULHVRIH[SHULPHQWV.OHLQHWDOWUHDWHG
KHDOWK\ YROXQWHHUV ZLWK D VLQJOH GRVH RI HLWKHU HVFLWDORSUDP  PJ
RU FLWDORSUDP  PJ DQG PHDVXUHG WKHLU 6(57 RFFXSDQF\ XVLQJ
>,@$'$0DQG63(&70HDQ6(57RFFXSDQFLHVUDQJHGIURPWR
ZLWKERWK665,VKRZLQJDVLJQL¿FDQWGRVHGHSHQGHQWLQFUHDVHRI6(57RF
FXSDQF\5 S ,QFRQFOXVLRQLQYLYRTXDQWL¿FDWLRQRI6(57
RFFXSDQF\GXULQJ WUHDWPHQWZLWKDQWLGHSUHVVDQW FDQEHXVHG WRGHWHUPLQH
GUXJGRVHUDQJHDQGGRVLQJVFKHGXOHV
6
7KH3KDUPDFRNLQHWLFVRI$QWLSV\FKRWLFVLQ%UDLQDQG3ODVPD
*HUKDUG*UQGHU
5:7+$DFKHQ8QLYHUVLW\*HUPDQ\
2EMHFWLYHV,QRUGHUWRVWXG\WKHUHODWLRQVKLSEHWZHHQRFFXSDQF\RI'OLNH
GRSDPLQHUHFHSWRUVE\DQWLSV\FKRWLFVDQGWKHLUSODVPDFRQFHQWUDWLRQVZH
SHUIRUPHG SRVLWURQ HPLVVLRQ WRPRJUDSK\ 3(7 VWXGLHV ERWK LQ SDWLHQWV
ZLWK VFKL]RSKUHQLF GLVRUGHUV DQG LQ KHDOWK\ YROXQWHHUV ZKRZHUH WUHDWHG
ZLWKYDULRXVDQWLSV\FKRWLFGUXJV
0HWKRGV 3DWLHQWV VXIIHULQJ IURP VFKL]RSKUHQLD '60,9 ZKR ZHUH
WUHDWHGZLWKHLWKHUDPLVXOSULGHFOR]DSLQHRU]LSUDVLGRQHDQGQRUPDOFRQ
WUROVZKRUHFHLYHGDULSLSUD]ROHXQGHUZHQWD3(7VFDQZLWKD'VHOHFWLYH
EHQ]DPLGH UDGLRWUDFHU >&@UDFORSULGH >)@IDOO\SULGH >)@GHVPHWKR[\
IDOO\SULGH' UHFHSWRU RFFXSDQF\ZDV GHWHUPLQHG LQ VWULDWXP DQG ± IRU
WKH>)@IDOO\SULGHVWXGLHV±LQH[WUDVWULDWDOUHJLRQV3ODVPDFRQFHQWUDWLRQV
RIWKHUHVSHFWLYHGUXJVZHUHGHWHUPLQHGLQDOOVXEMHFWV2FFXSDQF\YDOXHV
DQGSODVPDFRQFHQWUDWLRQVZHUH¿W WR DRQH VLWH OLJDQGELQGLQJPRGHOE\
QRQOLQHDUUHJUHVVLRQ
5HVXOWV)RUFOR]DSLQHPHDQ'UHFHSWRURFFXSDQF\ZDVVWDWLVWLFDOO\VLJ
QL¿FDQWO\KLJKHU LQFRUWLFDO LQIHULRU WHPSRUDOFRUWH[WKDQ LQVWULDWDO
UHJLRQVSXWDPHQFDXGDWHSIRUDOOFRPSDULVRQV:KLOH
WKHPD[LPXPDWWDLQDEOHUHFHSWRURFFXSDQF\(PD[ZDVFORVHWRERWK
LQVWULDWXPDQGLQFHUHEUDOFRUWH[WKHSODVPDFRQFHQWUDWLRQDWRI(PD[
('ZDV FOHDUO\ KLJKHU LQ WKH SXWDPHQ QJPO WKDQ LQ WKH LQIHULRU
WHPSRUDOFRUWH[QJPO)RUDPLVXOSULGHWKHDYDLODEOHGDWDVXJJHVWWKDW
WKH³OLPELFVHOHFWLYLW\´LVORVWDWKLJKSODVPDFRQFHQWUDWLRQV$WKLJKSODVPD
FRQFHQWUDWLRQVZHGHPRQVWUDWHGVWULDWDO'RFFXSDQF\YDOXHVRIXSWR
$WVLPLODUSODVPDFRQFHQWUDWLRQV]LSUDVLGRQHVHHPVWRRFFXS\OHVVVWULDWDO
' UHFHSWRUVDIWHU VXEFKURQLF WUHDWPHQW WKDQDIWHU VLQJOHGRVHV6LQFH'
UHFHSWRUVKDYHWREHDOPRVWFRPSOHWHO\RFFXSLHGE\DULSLSUD]ROHIRUDQWLSV\
FKRWLFHI¿FDF\DFOLQLFDOWKUHVKROGSODVPDOHYHOFDQEHGHWHUPLQHG
&RQFOXVLRQV7KHUHDUHFOHDUUHODWLRQVKLSVEHWZHHQSODVPDFRQFHQWUDWLRQVRI
DQWLSV\FKRWLFGUXJVDQGWKHDPRXQWRI'OLNHGRSDPLQHUHFHSWRUVWKH\RF
FXS\DWFOLQLFDOGRVHV+RZHYHUWKHLQGLYLGXDOUHODWLRQVKLSDQGWKHLPSOLFD
WLRQVIRUFOLQLFDOHI¿FDF\DQGVLGHHIIHFWVDUHGUXJGHSHQGHQW.QRZOHGJHRI
WKHVHUHODWLRQVKLSVDOORZVIRUURXWLQHPRQLWRULQJRIDQWLSV\FKRWLFWUHDWPHQW
039#(/0(!2-!#/,/'9¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
%UDLQ6WLPXODWLRQ7HFKQLTXHVLQ3V\FKLDWU\DQG
(OHFWURSK\VLRORJ\
6
(OHFWURPDJQHWLF)LHOGVLQWKH%UDLQDQG
0DJQHWRHQFHSKDORJUDSK\
%LOJHQ7DQHOL
8OXGDJ8QLYHUVLW\0HGLFDO)DFXOW\'HSDUWPHQWRI3V\FKLDWU\
%XUVD7XUNH\
7ROJD7DQHOL
7KH ¿UVW GHPRQVWUDWLRQ RI WKH HOHFWULFDO DFWLYLW\ RI WKH KXPDQ EUDLQ YLD
HOHFWURHQFHSKDORJUDSK\ ((* LQ WKH ¶V E\ +DQV %HUJHU RSHQHG D
FRPSOHWHO\ QHZ¿HOG IRU SV\FKLDWU\%HUJHU¶V GUHDPZDV WR ¿QG FOXHV VR
VHSDUDWH SV\FKLDWULF SDWLHQWV IURP QRUPDOV XVLQJ WKLV WHFKQLTXH 7RGD\
GHYHORSPHQWVLQWKH¿HOGKDYHUHDFKHGGLPHQVLRQV%HUJHUFRXOGQRWKDYH
LPDJLQHG
,Q WKH ¶V0DJQHWRHQFHSKDORJUDSK\ 0(*ZDV GHYHORSHG DV D QHZ
WHFKQRORJ\:KLOH((*PHDVXUHVWKHHOHFWULFDOSRWHQWLDOEHWZHHQWZRSRLQWV
RIWKHEUDLQ0(*PHDVXUHVWKHPDJQHWLF¿HOGVWUHQJWKRIWKHVDPHGLVWDQFH
RFFXUULQJZLWKDGHJUHHDQJOHWRWKHHOHFWULFDOFXUUHQW7KHUHIRUHPDJQH
WRHQFHSKDORJUDSK\LVDQDOWHUQDWLYHGHVFULSWLRQRIWKHVDPHHOHFWULFDOIRUFH
,Q WKH ¶V ¿UVW FRPSXWHG WRPRJUDSK\ &7 VFDQV DQG ODWHUPDJQHWLF
UHVRQDQFHLPDJLQJ05,VFDQVZHUHGHYHORSHGZKLFKZHUHDEOHWRVKRZD
GHWDLOHGVWUXFWXUDOLPDJLQJRIWKHEUDLQ
0DJQHWRHQFHSKDORJUDSKV DW ¿UVW KDG RQH FKDQQHO /DWHU V\VWHPVZLWK 
FKDQQHOVLQYHVWLJDWHGRQO\RQHKHPLVSKHUHRIWKHEUDLQDWDWLPHZKLOHWR
GD\PXOWLFKDQQHOV\VWHPVZLWKRUPRUHVHQVRUVDUHFDSDEOHRIDSSO\LQJ
DZKROHKHDG0(*WHFKQLTXH
$FRPELQHGXVHRIWKHWZRLPSRUWDQWWHFKQLTXHV0(*DQG05,YLDWKHVX
SHUSRVLWLRQRIHOHFWURPDJQHWLFFKDQJHVLQFHUWDLQEUDLQDUHDVZLWKVWUXFWXUDO
LPDJHVRIWKHEUDLQHQDEOHVWRVKRZWKHPDJQHWLFDFWLYLW\GLVWULEXWLRQLQWKH
EUDLQRUPDJQHWLFVRXUFHORFDOL]DWLRQVXFKDVHSLOHSWLFIRFL-9LHWKHWDO
3)HQZLFNHWDO%7DQHOLHWDO
+6WHIDQHWDO
,Q FRQWUDVW WR((*ZLWK0(* LW LV SRVVLEOH WR ORFDOL]H IRU H[DPSOH DOVR
HSLOHSWLFIRFLLQPXFKGHHSHUEUDLQVWUXFWXUHV
,QVXPPDU\0(*LVDQHXURSK\VLRORJLFDOWHFKQLTXHWKDWDOORZVWKHUHFRUG
LQJRIPDJQHWLF¿HOGVJHQHUDWHGGXHWRDOONLQGVRIVSRQWDQHRXVDQGHYRNHG
EUDLQDFWLYLW\LQFOXGLQJFKDQJHVGXULQJFRJQLWLYHWDVNVDVLVWKHFDVHZLWK
((*
0RUHRYHU0(* LV QRQLQYDVLYH DQG QRQGLVWUHVVLQJ WKHUHIRUH LW LV ZHOO
VXLWHGIRUVWXG\LQJSHRSOHZKRRIWHQKDYHDSURORQJHGKLVWRU\RIPHGLFDO
DQGSV\FKRORJLFDOWHVWLQJ
7RGD\0(*LVRQLWVZD\WREHQRWRQO\DUHVHDUFKWRROEXWPRUHDQGPRUH
DURXWLQHFOLQLFDOWHFKQLTXH
6
7KH3DVWDQG)XWXUHRI%UDLQ6WLPXODWLRQ7HFKQLTXHV
0DUN*HRUJH
0HGLFDO8QLYHUVLW\RI6RXWK&DUROLQD&KDUOHVWRQ6&86$
2EMHFWLYHV7RSURYLGHDQKLVWRULFDOSHUVSHFWLYHDQGXSGDWHRIEUDLQVWLPX
ODWLRQWHFKQLTXHV
0HWKRGV/LWHUDWXUHUHYLHZ
5HVXOWV :LWK WKH H[SORVLRQ LQ QHXURVFLHQFH KDV FRPH D EORVVRPLQJ RI
QHZWHFKQLTXHVLQEUDLQVWLPXODWLRQ%67KHVHFDQEHGLYLGHGLQWRWKRVH
LQWHQGHG WR SURGXFH D VHL]XUH FRQYXOVLYH DQG WKRVH ZKHUH D VHL]XUH LV
QRW SURGXFHG QRQFRQYXOVLYH &RQYXOVLYH WHFKQLTXHV LQFOXGH WKH FODV
VLFDO HOHFWURFRQYXOVLYH WKHUDS\ (&7 PDJQHWLF VHL]XUH WKHUDS\ 067
DQG VHL]XUHV SURGXFHG E\ DOWHUQDWLQJ GLUHFW FXWDQHRXV IRFXVHG HOHFWULFDO
WUDQVFUDQLDO VWLPXODWLRQ )((761RQFRQYXOVLYH WHFKQLTXHV LQFOXGH WUDQ
VFUDQLDOPDJQHWLFVWLPXODWLRQ706WUDQVFUDQLDOGLUHFWFXUUHQWVWLPXODWLRQ
W'&6YDJXVQHUYHVWLPXODWLRQ916DQGGHHSEUDLQVWLPXODWLRQ'%6
7KHVHQHZWHFKQLTXHVDUHEHLQJWHVWHGWKHUDSHXWLFDOO\LQFOLQLFDOWULDOVLQD
UHODWLYHO\KDSKD]DUGPDQQHU ODUJHO\EXLOGLQJRQKLVWRULFDOFOLQLFDO UHVXOWV
ZLWKROGHUWHFKQRORJLHV7KLVXQVWUXFWXUHGDSSURDFKPD\EHGULYHQE\OLPL
WDWLRQVRIDQLPDOPRGHOVRISV\FKLDWULFGLVHDVHVOLPLWHGNQRZOHGJHRIWKH
IXQFWLRQDODQGVWUXFWXUDODQDWRP\RIPRVWSV\FKLDWULFGLVRUGHUVDQGDODFN
RIXQGHUVWDQGLQJRIWKHLPPHGLDWHDQGORQJHUWHUPQHXURFKHPLFDOHIIHFWVRI
EUDLQVWLPXODWLRQ
:LWKPRUHWKDQQHZEUDLQVWLPXODWLRQWHFKQLTXHVDWOHDVWXVHSDUDPHWHUV
IRUPRVWRIWKHWHFKQLTXHVFXUUHQWLQWHQVLW\SXOVHZLGWKIUHTXHQF\OHQJWK
RIVWLPXODWLRQRYHUIXQFWLRQDOO\GLIIHUHQWEUDLQUHJLRQVWRWDUJHWDQG
FODVVLFDOO\ SV\FKLDWULF GLVRUGHUV WKHUH DUH RYHU  GLIIHUHQW SRWHQWLDO
WKHUDSHXWLFFRPELQDWLRQV
&RQFOXVLRQV7KHIXWXUHLVSURPLVLQJIRUEUDLQVWLPXODWLRQ+RZHYHUPXFK
ZRUN UHPDLQV LQ WHUPVRIRUJDQL]LQJDQGFRQGXFWLQJFOLQLFDO WUDQVODWLRQDO
%6ZRUN*UHDWHUXQGHUVWDQGLQJRIWKHHIIHFWVRIEUDLQVWLPXODWLRQLQQRUPDO
EUDLQ ZLOO KHOS QDUURZ WKH VHDUFK IRU HIIHFWLYH WKHUDSHXWLF DSSOLFDWLRQV
3DUWLFXODUO\LPSRUWDQWZRUNLQYROYHVXQGHUVWDQGLQJWKHFKHPLFDOHIIHFWVRI
EUDLQVWLPXODWLRQWKHFKHPLFDOLQHOHFWURFKHPLFDODVZHOODVXVLQJ%6LQ
DQLPDOPRGHOVDQGZLWKIXQFWLRQDOQHXURLPDJLQJ([DPSOHVIURPRQJRLQJ
ZRUNDQGFOLQLFDOWULDOVZLOOEHSUHVHQWHG
5HIHUHQFHV
*HRUJH066WLPXODWLQJWKHEUDLQ7KHHPHUJLQJQHZVFLHQFHRIHOHFWULFDO
EUDLQVWLPXODWLRQ6FLHQWL¿F$PHULFDQ6HSWHPEHU
6
7KH%DVLF3ULQFLSOHVRI706
'DYLG$YHU\
'HSDUWPHQWRI3V\FKLDWU\+DUERUYLHZ0HGLFDO&HQWHU8QLYHUVLW\
RI:DVKLQJWRQ0HGLFDO&HQWHU6HDWWOH:$86$
3DXO+ROW]KHLPHU,,,:DOLG)DZD]-RDQ5XVVR-RKQ1HXPDLHU
.HLWK&OD\SRROH'DYLG+D\QRU3HWHU5R\%\UQH
2EMHFWLYHV7KHEDVLFSULQFLSOHVRI706ZLOOEHUHYLHZHGDQGGDWDIURPD
EOLQGHGVKDPFRQWUROOHGWULDORIKLJKIUHTXHQF\OHIWVLGHGU706LQSDWLHQWV
ZLWKWUHDWPHQWUHVLVWDQW0DMRU'HSUHVVLRQZLOOEHSUHVHQWHG
0HWKRGV3DWLHQWVZLWKWUHDWPHQWUHVLVWDQWGHSUHVVLRQZHUHUDQGRPL]HGWR
UHFHLYHVHVVLRQVRIDFWLYHRUVKDPU706GHOLYHUHGWRWKHOHIWGRUVRODWHUDO
SUHIURQWDOFRUWH[DWPRWRUWKUHVKROGLQWHQVLW\(DFKVHVVLRQFRQVLVWHG
RI  WUDLQV RI +] U706 GHOLYHUHG LQ  VHFRQG WUDLQV XVLQJ D'DQWHF
0DJSURPDJQHWLFVWLPXODWRU7KHSULPDU\HQGSRLQWZDVWUHDWPHQWUHVSRQVH
GH¿QHGDVD GHFUHDVHLQ+DPLOWRQ'HSUHVVLRQ5DWLQJ6FDOH+'56
VFRUHDWERWKRQHDQGWZRZHHNVIROORZLQJWKH¿QDOU706WUHDWPHQW5HPLV
VLRQZDVGH¿QHGDVD+'56VFRUH
5HVXOWV (OHYHQ  RI  VXEMHFWV UDQGRPL]HG WR DFWLYH U706 PHW
UHVSRQVH FULWHULD FRPSDUHG WR   RI  VXEMHFWV UDQGRPL]HG WR VKDP
S6HYHQRIVXEMHFWVUDQGRPL]HGWRDFWLYHWUHDWPHQWZHUH
UHPLWWHUVFRPSDUHGWRRIVXEMHFWVUDQGRPL]HGWRVKDPS
7KHGHFUHDVHVLQ+'56VFRUHVDQG%HFN'HSUHVVLYH,QYHQWRU\6FRUHVZHUH
VLJQL¿FDQWO\ JUHDWHU LQ WKH DFWLYH U706JURXS S U706ZDVZHOO
WROHUDWHGZLWKQRVHL]XUHVRUGH¿FLWVLQFRJQLWLYHIXQFWLRQQRWHG
&RQFOXVLRQV U706 GHOLYHUHG DW KLJKHU LQWHQVLW\ DQG IRU PRUH VHVVLRQV
WKDQPRVWSUHYLRXVVWXGLHVZDVVXSHULRUWRVKDPWUHDWPHQWDQGUHVXOWHGLQ
FOLQLFDOO\VLJQL¿FDQWLPSURYHPHQWLQSDWLHQWVZLWKWUHDWPHQWUHVLVWDQW0DMRU
'HSUHVVLRQ
6
7UDQVFUDQLDO0DJQHWLF6WLPXODWLRQLQ3V\FKLDWULF'LVRUGHUV
2JX]7DQ
0&$1HXURSV\FKLDWU\&HQWHU,VWDQEXO7XUNH\
1HY]DW7DUKDQ6HPUD%DULSRJOX)XQGD*GF
2EMHFWLYHV ,WZDVDLPHGWRUHYLHZWKH OLWHUDWXUHDERXW WKHFOLQLFDOXVHRI
UHSHWLWLYH WUDQVFUDQLDOPDJQHWLF VWLPXODWLRQ U706 WKHUDS\ LQSV\FKLDWULF
GLVRUGHUV
0HWKRGV$PHGOLQHUHVHDUFKZDVGRQHFRQFHUQLQJU706XVHLQPRRGGLV
RUGHUVDQ[LHW\GLVRUGHUVSV\FKRWLFGLVRUGHUVDQGVXEVWDQFHXVHGLVRUGHUV
5HVXOWV $SSOLFDWLRQ RI U706 LQ GHSUHVVLYH SDWLHQWV XVXDOO\ OHDG WR D
VLJQL¿FDQWFOLQLFDOLPSURYHPHQW)LQGLQJVDERXWWKHXVHRIU706LQPDQLF
HSLVRGHVDQ[LHW\GLVRUGHUVSV\FKRWLFGLVRUGHUVDQGVXEVWDQFHXVHGLVRUGHUV
DUHOLPLWHG
&RQFOXVLRQVU706LVSUREDEO\DXVHIXOWKHUDSHXWLFWRROLQGHSUHVVLYHGLV
RUGHUV)XUWKHUUHVHDUFKLVQHHGHGWRFODULI\WKHUROHRIU706LQSDV\FKLDWULF
GLVRUGHUVRWKHUWKDQGHSUHVVLRQ
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
U706DQG((*&KDQJHVLQ3DWLHQWVZLWK7UHDWPHQW5HVLVWDQW
'HSUHVVLRQ
1HY]DW7DUKDQ
0&$1HXURSV\FKLDWU\&HQWHU,VWDQEXO7XUNH\
2JX]7DQ6HPUD%DULSRJOX)XQGD*GF
2EMHFWLYHV:H DLPHG WR LQYHVWLJDWH ZKHWKHU FRPELQHG XVH RI UHSHWLWLYH
WUDQVFUDQLDOPDJQHWLFVWLPXODWLRQU706DQGTXDQWLWDWLYH((*4((*LV
FOLQLFDOO\XVHIXO7KHYDOXHRIELRHOHFWULFDODFWLYLW\RIEUDLQDVDELRORJLFDO
PDUNHUKDVEHHQGLVFXVVHG6OHHS((*KDVDJUHDWYDOXHDVDWUDLWPDUNHU
KRZHYHULWVXVHLQRXWSDWLHQWSUDFWLFHLVQRWIHDVLEOH
0HWKRGV 3DWLHQWV ZLWK WUHDWPHQWUHVLVWDQW GHSUHVVLRQ Q  UHFHLYHG DW
OHDVW WHQ VHVVLRQV RI U706 DQG DOO XQGHUZHQW 4((* DQG EUDLQPDSSLQJ
EHIRUHWKHU706DIWHUWKHWHQWKVHVVLRQDQGLPPHGLDWHO\DIWHUDVLJQL¿FDQW
FOLQLFDO LPSURYHPHQWKDVEHHQREVHUYHG U706ZLWKD IUHTXHQF\RI
+] ZDV DSSOLHG WR WKH OHIW IURQW WHPSRUDO UHJLRQ &OLQLFDO LPSURYHPHQW
ZDVUDWHGE\+$0'WKDWZDVJLYHQWRDOOSDWLHQWVLQVL[PRQWK'UXJVWKH
SDWLHQWVZHUHWDNLQJZHUHQRGLVFRQWLQXHG
5HVXOWV$ GHFUHDVH RI  SHUFHQWZDV VKRZQ LQ+$0' VFRUHV DIWHU
U706$QLQFUHDVHLQVORZZHDYHWKHWDRUGHOWDDFWLYLW\ZDVREVHUYHGDIWHU
WKH WHQWK VHVVLRQ LQ VRPH FDVHV$IWHU D VLJQL¿FDQW FOLQLFDO LPSURYHPHQW
4((*¿QGLQJV WXUQHG WR QRUPDO ,Q SDWLHQWVZLWK KLJKEHWD SRZHU HVSH
FLDOO\DQLQFUHDVHLQGHOWDSRZHULQWKHOHIWKHPLVSKHUHRFFXUUHG,QSDUDOOHO
WR FOLQLFDO LPSURYHPHQW ERWK GHOWD DQG EHWD SRZHU YDOXHV DSSURDFKHG WR
=VFRUH7KHGHJUHHRIFOLQLFDOLPSURYHPHQWZDVFRPSDUHGWRELRHOHFWULFDO
FKDQJHVVWDWLVWLFDOO\
&RQFOXVLRQV$IWHUDVL[PRQWKIROORZXSELRHOHFWULFDOLPSURYHPHQWZDV
REVHUYHG LQSDUDOOHO WR FOLQLFDO LPSURYHPHQWQRPDWWHUZLWKSUHWUHDWPHQW
EHWDRUGHOWD LQFUHDVH LQ4((*&RPELQHGXVHRI U706DQG4((*EUDLQ
PDSSLQJPD\EHXVHIXOLQFOLQLFDOSUDFWLFHDVDELRORJLFDOPDUNHU
5HIHUHQFHV
%RXWURV11%HUPDQ50+RIIPDQ5(OHFWURHQFHSKDORJUDPDQG
UHSHWLWLYHWUDQVFUDQLDO0DJQHWLF6WLPXODWLRQ7KH1HZ(QJODQG-RXUQDORI
0HGLFLQH'HSUHVV$Q[LHW\-DQ
,WLO706DOHWX%*DQQRQ3 &OLQLFDODQG((*LQYHVWLJDWLRQZLWK
&, DQG &, 4XDQWLWDWLYH SKDUPDFRHOHFWURHQFHSKDORJUDSK\ DQG
6OHHS3K\VLFLDQV'UXJ0DQXHO
*HUVKRQ$UL$ 'DQQRQ 3LQKRV : *UXQKDXV /HRQ  7UDQVFUDQLDO
0DJQHWLF6WLPXODWLRQLQWKH7UHDWPHQWRIGHSUHVVLRQ$P-3V\FKLDWU\

*HRUJH06/LVDQE\6+6DFNHLP+$7UDQVFUDQLDO0DJQHWLF6WLPX
ODWLRQDSSOLFDWLRQVLQ1HXURSV\FKLDWU\$UFK*HQ3V\FKLDWU\
3DJDUHOO 2 +HJHUO 8 (OHFWULF %UDLQ$FWLYLW\ LQ 3V\FKLDWU\ 5HVHDUFK
7RROZLWK&OLQLFDO9DOXH(GV0RRUH1$ULNDQ0%UDLQZDYHVDQG0LQG
5HFHQW$GYDQFHVSS,OOLQRLV
6
&2;,QKLELWRUVLQWKH7KHUDS\RI3V\FKLDWULF'LVRUGHUV
6
,PPXQRORJLFDO0HFKDQLVPVRI&2;,QKLELWLRQLQ
3V\FKLDWULF'LVRUGHUV
0DUNXV-6FKZDU]
3V\FKLDWULF+RVSLWDO8QLYHUVLW\RI0XQLFK*HUPDQ\
0LFKHO5LHGHO0DUNXV8OPVFKQHLGHU&RQVWDQ]H6FKHSSDFK
5XGROI*UXEHU1RUEHUW0OOHU
2EMHFWLYHV $ ODUJH ERG\ RI HYLGHQFH SRLQWV WR D UHGXFHG DFWLYDWLRQ RI
WKH7KHOSHU O\PSKRF\WHV W\SH  7K LQGXFLQJ D FHOOPHGLDWHG LPPXQH
UHVSRQVHDQGDUHODWLYHSUHGRPLQDQFHRI7KFHOOVZKLFKLQGXFHDQDQWL
ERG\PHGLDWHGLPPXQHUHVSRQVHLQFOXGLQJLQFUHDVHGOHYHOVRI,QWHUOHXNLQ
,/DQGWKHDFWLYDWLRQRIWKH,/V\VWHP
0HWKRGV ,Q WZR GRXEOHEOLQG SODFHERFRQWUROOHG UDQGRPL]HG VWXGLHV
ZLWKDWRWDOQ ZHIRXQGDEHQH¿FLDOHIIHFWRIFHOHFR[LEFRDGPLQLVWUD
WLRQWRULVSHULGRQHLQVFKL]RSKUHQLFSDWLHQWVZLWKDQGXUDWLRQRILOOQHVVQRW
ORQJHU WKDQ WZR\HDUV ,QSDUDOOHO VHUXP OHYHOVRI V71)5DQGV,/5
DQGWKHSHUFHQWDJHVRI&'&'DQG&'O\PSKRF\WHVZHUH
HVWLPDWHG
5HVXOWV7KHF\WRNLQHVDQGO\PSKRF\WHVUHÀHFWHGWKHW\SHW\SHEDODQF
LQJ HIIHFWV RI&2; LQKLELWRUV/HYHOV RI V,/5 LQFUHDVHGGXULQJ WUHDW
PHQWZLWK&HOHFR[LEEXWQRWLQWKHSODFHERJURXSWKHGHFUHDVHRI&'
%FHOOVZDVSDUDOOHOHGE\DVLJQL¿FDQWGHFUHDVHRIQHJDWLYHV\PSWRPVLQWKH
&HOHFR[LE JURXS ORZHU OHYHOV RI V71)5SUHGLFWHG D EHWWHU UHVSRQVH WR
&HOHFR[LEWUHDWPHQW
&RQFOXVLRQV%HVLGHVWKHGLUHFWHIIHFWVRI&2;LQKLELWLRQRQWKHLPPXQH
V\VWHP WKH QHXURDFWLYH HIIHFWV RI &2; DUH ZHOO NQRZQ PDLQO\ ZLWK
UHJDUGWRWKHJOXWDPDWHUHFHSWRUVRIWKH10'$W\SH+RZHYHUWKLVQHXUR
FKHPLFDOHIIHFWLVDJDLQPRGXODWHGE\WKHLPPXQHV\VWHP,QVXPWKHIDFW
WKDWWUHDWPHQWZLWKDQLPPXQRPRGXODWRU\GUXJVKRZVEHQH¿FLDOHIIHFWVRQ
WKHV\PSWRPDWRORJ\RIVFKL]RSKUHQLDLQGLFDWHVWKDWLPPXQHG\VIXQFWLRQLQ
VFKL]RSKUHQLDLVQRWMXVWDQHSLSKHQRPHQRQEXWUHODWHGWRWKHSDWKRPHFKD
QLVPRIWKHGLVRUGHU
6
1R$EVWUDFW5HFHLYHG
05LHGHO
*HUPDQ\
6
1R$EVWUDFW5HFHLYHG
-&6RDUHV
86$
6
&2;,QKLELWRUVLQ6FKL]RSKUHQLD5HVXOWVRIDQ
(SLGHPLRORJLFDO6WXG\
3HWHU(JJHU
*OD[R6PLWK.OLQH5HVHDUFK	'HYHORSPHQW8.
2EMHFWLYHV7KHDLPRIWKHVWXG\ZDVWRLQYHVWLJDWHDSRWHQWLDODVVRFLDWLRQ
EHWZHHQ&2;LQKLELWRU WUHDWPHQWDQGWKHULVNRIDSV\FKRWLFHSLVRGH LQ
GLDJQRVHGVFKL]RSKUHQLDSDWLHQWV
0HWKRGV 7KH VWXG\ XVHG D FRKRUW GHVLJQZKLFK FRPSDUHG WKH ULVN RI D
SV\FKRWLF HSLVRGH ZLWKLQ D PRQWK SHULRG IROORZLQJ WKH SUHVFULSWLRQ LQ
&2;L XVHUV WR WKH FRUUHVSRQGLQJ ULVNZLWKLQ D UDQGRP PRQWK SHULRG
LQQRQXVHUV7KHVWDUWRIWKHPRQWKSHULRGZDVWKHLQGH[GDWH7KHGDWD
VRXUFHZDVD86HPSOR\HUEDVHGKHDOWKFDUHLQVXUDQFHGDWDEDVHFRQWDLQLQJ
SDWLHQWOHYHO PHGLFDO DQG SKDUPDF\ FODLPV GDWD FRYHULQJ XS WR  \HDUV
RI SDWLHQWPHGLFDO KLVWRULHV IRU D UHSUHVHQWDWLYH SRSXODWLRQ RI PLOOLRQ
SHRSOH 7KH GDWDEDVH XVHV WKH ,QWHUQDWLRQDO &ODVVL¿FDWLRQ RI 'LVHDVHV 
,&'V\VWHPWRFODVVLI\GLVHDVHVDQGWKHVWXG\XVHGWKH,&'FRGHWR
LGHQWLI\VFKL]RSKUHQLDSDWLHQWVDQG,&'FRGHV[	[WRLGHQWLI\
SV\FKRWLFHSLVRGHV
5HVXOWV7KHDQDO\VLVLGHQWL¿HGDOWRJHWKHUHOLJLEOHSDWLHQWVZKRKDGD
UHFRUGHGGLDJQRVLVRIVFKL]RSKUHQLDGLVRUGHU$WRWDORIRIWKHVH
SDWLHQWVKDGDSUHVFULSWLRQRID&2;LQKLELWRULQWKHLUKLVWRU\,QVSHFWLRQ
RISDWLHQWV¶GLDJQRVLVUHFRUGVIRUGLVHDVHH[DFHUEDWLRQVZLWKLQPRQWKVRI
WKHLQGH[GDWHUHYHDOHGDWRWDORISRVVLEOHFDVHVDQGPRVWOLNHO\FDVHV
7KH&2;LXVHUJURXSVKRZHGDWRWDORIDVSRVVLEOHFDVHVZKLOHWKH
QRQXVHUJURXSKDGRISRVVLEOHFDVHV7KHFRUUHVSRQGLQJUHODWLYHULVN
ZDVHVWLPDWHGLQDORJLVWLFUHJUHVVLRQPRGHOZKLFKDGMXVWHGIRUWKHHIIHFWV
RI DJH JHQGHU DQWLSV\FKRWLF WUHDWPHQW KLVWRU\ VSHFL¿F VFKL]RSKUHQLD
GLDJQRVLV UHFHQF\ RI VFKL]RSKUHQLD GLDJQRVLV FRPRUELGLWLHV DQG RWKHU
16$,'6XVH7KHUHVXOWVVKRZHGDUHGXFHGULVN LQ WKH&2;LXVHU
JURXSFRPSDUHGWRWKHQRQXVHUJURXSRGGVUDWLR&,
7KHDQDO\VLVRIWKHPRVWOLNHO\FDVHV\LHOGHGVLPLODUUHODWLYHUHVXOWVWKH
&2;LXVHUJURXSVKRZHGRIFDVHVZKLOHLQWKHQRQXVHUJURXSWKH
SURSRUWLRQRIFDVHVZDV7KHFRUUHVSRQGLQJUHODWLYHULVNDIWHUDGMXVW
LQJIRUWKHDERYHIDFWRUVZDV&,
&RQFOXVLRQV7KLVVWXG\SURYLGHVVRPHHYLGHQFHRIDWKHUDSHXWLFHIIHFWRI
&2; LQKLELWRUV LQ VFKL]RSKUHQLD+RZHYHU WKHQXPEHUV LQ WKHDQDO\VLV
ZHUHVPDOODQGWKHUHVXOWVZHUHQRWVWDWLVWLFDOO\VLJQL¿FDQWDWWKHVLJQL¿
FDQFHOHYHO)XUWKHUHSLGHPLRORJLFDOVWXGLHVXVLQJGLIIHUHQWGDWDVRXUFHVDQG
DOWHUQDWLYHFOLQLFDORXWFRPHVDUHUHTXLUHGWRFRQ¿UPWKH¿QGLQJV
"2!).¬&5.#4)/.¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
&2;,QKLELWRUVLQ3V\FKLDWULF'LVRUGHUV5HVXOWVRI'RXEOH
%OLQG&RQWUROOHG6WXGLHV
1RUEHUW0XHOOHU
3V\FKLDWULF+RVSLWDO/080XQLFK*HUPDQ\
0LFKDHO5LHGHO6DQGUD'HKQLQJ,OMD6SHOOPDQQ
$QHWWH0XHOOHU$UHQGV$QMD&HURYHFNL
%DUEDUD*ROGVWHLQ0XHOOHU+DQV-UJHQ0|OOHU
0DUNXV6FKZDU]
2EMHFWLYHV6HYHUDOSURVSHFWLYHGRXEOHEOLQG UDQGRPL]HGDGGRQVWXGLHV
ZLWK WKH &2; LQKLELWRU FHOHFR[LE KDYH EHHQ SHUIRUPHG VR IDU ERWK LQ
VFKL]RSKUHQLDDQGGHSUHVVLRQ
0HWKRGV:HSHUIRUPHGDQHLJKWZHHNVVWXG\XVLQJWKHVDPHDGGRQGHVLJQ
RIFHOHFR[LEDQGULVSHULGRQH7KHVWXG\ZDVSHUIRUPHGSURVSHFWLYHGRXEOH
EOLQGDQGUDQGRPL]HG7KHGRVHRIULVSHULGRQHZDVÀH[LEOHDQGUDQJHGIURP
WRPJGD\VWDUWLQJZLWKPJ7KHGRVHRIFHOHFR[LEZDVPJGD\
SDWLHQWVZHUHLQFOXGHGLQWRWKHVWXG\PDOHVDQGIHPDOHV7KHPHDQ
DJH ZDV  6'  \HDUV 3V\FKRSDWKRORJ\ ZDV DVVHVVHG 3$166 7KH
DQDO\VLVZDVSHUIRUPHGDFFRUGLQJWRWKHFULWHULRQµODVWREVHUYDWLRQFDUULHG
IRUHZDUG¶
5HVXOWV 5HJDUGLQJ WKH JHQHUDO SV\FKRSDWKRORJ\ WKH PHDQ YDOXH ZDV
DWEDVHOLQHDQGDWWKHHQGRIWKHVWXG\,QWKHFHOHFR[LE
JURXSWKHPHDQYDOXHZDVDWEDVHOLQHDQGDWWKHHQGRI
WKHVWXG\5HJDUGLQJWKHWRWDOVFDOHLQWKHSODFHERJURXSWKHPHDQYDOXHZDV
DWEDVHOLQHDQGDWWKHHQGRIWKHVWXG\,QWKHFHOHFR[
LEJURXSWKHPHDQYDOXHRIWKHWRWDOVFDOHZDVDWEDVHOLQHDQG
DWWKHHQGRIWKHVWXG\,QERWKJURXSVZHREVHUYHGDVLJQL¿FDQW
GHFUHDVH RI WKH 3$166 WRWDO VFDOH DQG DOO VXEVFDOHV GXULQJ WKH WUHDWPHQW
SHULRGEXWQRLQÀXHQFHRIWKHWUHDWPHQWJURXSSODFHERYVFHOHFR[LE
$ IXUWKHU H[SORUDWLYHDQDO\VLV VKRZHG WKDW WKHUHPLJKWEHDQ LQÀXHQFHRI
WKHGXUDWLRQRI WKHGLVHDVH WR WKHGLIIHUHQFHV LQ WKHRXWFRPHRIFHOHFR[LE
WKHUDS\ ,Q SDWLHQWV ZLWK D VKRUW GXUDWLRQ RI GLVHDVH    \HDUV D 
GHFUHDVH RI WKH V\PSWRPV LQ WKH 3$16 WRWDO VFDOH ZDV REVHUYHG LQ WKH
FHOHFR[LEJURXSZKLOHWKHLPSURYHPHQWZDVLQWKHSODFHERJURXS,Q
SDWLHQWVZLWKDORQJHUGXUDWLRQRIGLVHDVH\WKHLPSURYHPHQWZDV
LQWKHFHOHFR[LEJURXSDQGLQWKHSDFHERJURXS
$FRPSDULVRQZLWKWKH¿UVWVWXG\VKRZHGWKDWWKHDGYDQWDJHRIWKHFHOHFR[
LEJURXSZDVGXHWRWKHSDWLHQWVZLWKDVKRUWGXUDWLRQRIGLVHDVHDVZHOO 
\HDUV7KLVJURXSRISDWLHQWVVKRZHGDQLPSURYHPHQWRILQWKHWRWDO
VFDOHZKLOHWKHLPSURYHPHQWZDVLQWKHSODFHERJURXS,QSDWLHQWVZLWK
DORQJHUGXUDWLRQRIGLVHDVHWKHLPSURYHPHQWZDVPDNHGO\VPDOOHU
&RQFOXVLRQV:HFRXOGQRWUHSOLFDWHWKH¿QGLQJVVKRZLQJDQDGYDQWDJHRI
WKH FHOHFR[LE WUHDWPHQW LQ WKH WRWDO JURXS RI VFKL]RSKUHQLFV +RZHYHU D
UHDQDO\VLVRIWKHGDWDRIRXU¿UVWVWXG\VKRZHGWKDWWKHDGYDQWDJHRIWKH
FHOHFR[LEJURXSLVGXHWRWKHSDWLHQWVZLWKDVKRUWGXUDWLRQRIGLVHDVH0XFK
PRUHSDWLHQWVZLWKDVKRUWGXUDWLRQRIGLVHDVHZHUHLQFOXGHGLQWRWKHVDPSOH
RISDWLHQWVLQRXU¿UVWVWXG\8VLQJGXUDWLRQRIGLVHDVH \HDUVRQH
RIWKHSDWLHQWVKDGDVKRUWGXUDWLRQRIGLVHDVHLQWKHDFWXDOVWXG\DQG
LQWKH¿UVWVWXG\,QWKHFHOHFR[LEJURXSVWZLFHDVPXFKSDWLHQWVKDG
D VKRUWGXUDWLRQRIGLVHDVH LQ WKH¿UVW VWXG\FRPSDUHG WR WKHDFWXDO VWXG\
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FKDN5LHGHU1=DFK-=DFKHUO0/RVVDX.:HLVVHU56WXFNL*XQG
$FNHQKHLO01HXURELRO'LV
6WDVWQ\- .RQVWDQWLQLGLV$ 6FKZDU]0- 5RVHQWKDO1( 9LWRXFK2
.DVSHU6XQG1HXPHLVWHU$%LRO3V\FKLDWU\
6
7U\SWRSKDQ0HWDEROLVPLQ3UHJQDQF\DQGLQWKH3RVWSDUWXP
3HULRG5HOHYDQFHIRU3V\FKLDWULF6\PSWRPV
&ODXGLD.RKO
0HGLFDO8QLYHUVLW\,QQVEUXFN$XVWULD
'LHWPDU)XFKV%DUEDUD6SHUQHU8QWHUZHJHU
$FFRUGLQJWRDQLPDOVWXGLHVDQDFWLYDWLRQRILQGROHDPLQHGLR[\JHQDVH
,'2 LV LQYROYHG LQ WROHUDQFH LQGXFWLRQSUHYHQWLQJ UHMHFWLRQRI WKH IHWXV
GXULQJVXFFHVVIXOSUHJQDQF\7KHHQ]\PHFRQYHUWV DPRQJVWRWKHUV  WKH
DPLQRDFLGWU\SWRSKDQ753WRN\QXUHQLQH$QDFWLYDWLRQRI,'2ZLOOFRQ
VHTXHQWO\FDXVHDGHSOHWLRQRIWU\SWRSKDQ,QKXPDQVLWKDVEHHQVKRZQWKDW
753LVGHFUHDVLQJGXULQJSUHJQDQF\DQGN\QXUHQLQHOHYHOVDUHLQFUHDVLQJ
,PPHGLDWHO\DIWHUGHOLYHU\WKH753OHYHOULVHVDQGN\QXUHQLQHGHFUHDVHV
753  DV DQ HVVHQWLDO VXEVWUDWH LQ WKH IRUPDWLRQ RI WKH QHXURWUDQVPLWWHU
VHURWRQLQK\GUR[\WU\SWDPLQHLVDOVRNQRZQWRSOD\DQLPSRUWDQWUROH
LQGHSUHVVLYHGLVRUGHUV$FXWHGLHWDU\WU\SWRSKDQGHSOHWLRQPD\FDXVHGH
SUHVVLYHV\PSWRPV)XUWKHUPRUHDIHZLQYHVWLJDWLRQVKDYHVKRZQWKDW WKH
ÀXFWXDWLRQVRIWU\SWRSKDQGXULQJSUHJQDQF\DQGWKHSRVWSDUWXPSHULRGFDQ
EHUHODWHGWRPRRGGLVRUGHUVLQWKHHDUO\SXHUSHULXP
5HIHUHQFHV
0HOORU$/0XQQ'+,'2H[SUHVVLRQE\GHQGULWLFFHOOVWROHUDQFH
DQGWU\SWRSKDQFDWDEROLVP1DW5HY,PPXQRO
6FKU|FNVQDGHO+HWDO'HFUHDVHGSODVPDWU\SWRSKDQLQSUHJQDQF\
2EVWHW*\QHFRO
.RKO&HWDO0HDVXUH
6
7U\SWRSKDQ'HJUDGDWLRQLQ1HXURGHJHQHUDWLYH'LVRUGHUV
)ULHGULFK/HEOKXEHU
1HXURORJLVFK3V\FKLDWULVFKH*HURQWRORJLH2g/DQGHV1HUYHQ
NOLQLN:DJQHU-DXUHJJ/LQ]$XVWULD
$GHFUHDVH RI WU\SWRSKDQ LV IRXQG LQ D QXPEHU RI QHXURGHJHQHUDWLYH GLV
HDVHV7U\SWRSKDQLVLQYROYHGLQWKHELRV\QWKHVHVRIVHURWRQLQDQGWKHUHIRUH
LWVGHJUDGDWLRQLVUHOHYDQWIRUYDULRXVQHXURSV\FKLDWULFV\QGURPHVVXFKDV
GHSUHVVLRQDQGGLIIHUHQWIRUPVRIGHPHQWLD
,PPXQHDFWLYDWLRQKDVEHHQIRXQGLQHDUOLHUVWXGLHVLQSDWLHQWVZLWKQHXUR
GHJHQHUDWLYHGLVRUGHUVDQGDOLQNZDVIRXQGEHWZHHQWKLVLPPXQHDFWLYD
WLRQDQGWU\SWRSKDQPHWDEROLFFKDQJHV
(VSHFLDOO\ LQ FKURQLF GHJHQHUDWLYH GLVRUGHUV ZLWK LPPXQH GHWHULRUDWLRQ
WKH LPSDFWRI WKH LPPXQHV\VWHPWRGLPLQLVK WU\SWRSKDQDYDLODELOLW\PD\
FDXVHQHXURSV\FKLDWULFV\PSWRPV/RQJHUGXUDWLRQRIWKHGLVHDVHZLOOFDXVH
GHFUHDVHRI WU\SWRSKDQDQG VR LWV WUDQVSRUW LQWR WKHEUDLQZLOO EH UHGXFHG
"2!).¬&5.#4)/.¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
ORZHULQJWKHELRV\QWKHVLVRIVHURWRQLQ
,QFRQFOXVLRQWU\SWRSKDQPHWDEROLFFKDQJHVLQGXFHGE\WKHLPPXQHV\VWHP
PD\ UHSUHVHQWDSRVVLELOLW\ IRUFRPPXQLFDWLRQEHWZHHQ WKH LPPXQRHQGR
FULQHDQGWKHQHXURHQGRFULQHV\VWHPV
6
%UDLQ,QGROHDPLQH'LR[\JHQDVHDVD3RVVLEOH/LQN
EHWZHHQ&\WRNLQH,PPXQRWKHUDS\DQG'HSUHVVLRQ
5REHUW'DQW]HU
,QWHJUDWLYH1HXURELRORJ\)UDQFH	8,8&86$
0DwWp0RUHDX1DWKDOLH&DVWDQRQ-DFTXHV/HVWDJH
)UDQoRLV)UHQRLV.HLWK:.HOOH\
&KURQLFDGPLQLVWUDWLRQRIF\WRNLQHV WRFDQFHUSDWLHQWV OHDGV WRGHSUHVVLRQ
LQRQHWKLUGRIWKHSDWLHQWV7KHRFFXUUHQFHRIGHSUHVVLRQLVDVVRFLDWHGZLWK
DGUDVWLFIDOOLQSODVPDOHYHOVRIWU\SWRSKDQ:HK\SRWKHVL]HGWKDWWKHFRP
PRQGHQRPLQDWRUIRU WKHVHSV\FKRSDWKRORJLFDODQGELRFKHPLFDOHIIHFWVRI
F\WRNLQHLPPXQRWKHUDS\PD\EH,'27KLVHQ]\PHLVLQGXFHGE\F\WRNLQHV
VXFKDV,)1ȖDQG71)ĮDQGGLYHUWVWU\SWRSKDQIURPWKHV\QWKHVLVRIVHUR
WRQLQWRWKHJHQHUDWLRQRIN\QXUHQLQDQGRWKHUWU\SWRSKDQGHULYDWLYHV+HUH
ZHGHWHUPLQHGZKHWKHUEUDLQ,'2LVDFWLYDWHGLQUHVSRQVHWRF\WRNLQHVLQ
WZRPRGHOVRISHULSKHUDOLPPXQHDFWLYDWLRQDQDFXWHPRGHOLQZKLFKPLFH
DUH LQMHFWHGZLWK OLSRSRO\VDFFKDULGH /36 PJNJ LS DQG D FKURQLF
PRGHO LQZKLFKPLFHDUH LQRFXODWHGZLWKEDFLOOXV&DOPHWWH*XHULQ%&*
,PPX&\VWPJPRXVHDSRWHQWVWLPXODWRURI,)1ȖV\QWKHVLV(Q]\PDWLF
DFWLYLW\RI,'2ZDVPHDVXUHGE\FRQYHUVLRQRIWU\SWRSKDQWRN\QXUHQLQLQ
WLVVXHH[WUDFWVRIEUDLQDQGOXQJVDVDSRVLWLYHFRQWURO/36LQGXFHGDSHDN
SURGXFWLRQRIFLUFXODWLQJ,)1ȖDWKSRVWLQMHFWLRQZKLFKZDVIROORZHGE\
DQ LQFUHDVH LQEUDLQ ,'2DFWLYLW\ WKDWSHDNHGDWKSRVWLQMHFWLRQ%&*
LQRFXODWLRQFDXVHGDQLQFUHDVHLQFLUFXODWLQJOHYHOVRI,)1ȖDQGEUDLQ,'2
DFWLYLW\DWDQGGD\VSRVWLQMHFWLRQ,'2DFWLYLW\LQFUHDVHGPDLQO\
LQ WKHK\SRWKDODPXV VWULDWXPDQG IURQWDOFRUWH[RI/36WUHDWHGPLFHEXW
UHODWLYHO\ OLWWOH DFWLYLW\ZDV GHWHFWHG LQ WKH KLSSRFDPSXV DQG EUDLQ VWHP
7KHIRUPHUEUDLQVWUXFWXUHVZHUHWKHPRVWYDVFXODUL]HGEDVHGRQH[SUHVVLRQ
RI DQ HQGRWKHOLDO FHOOPDUNHU 3(&$0 ,PPXQRKLVWRFKHPLVWU\ DQDO\VLV
RIEUDLQ,'2LQ/36WUHDWHGPLFHFRQ¿UPHGWKDWPRVWRIWKHH[SUHVVLRQRI
,'2RFFXUUHGLQEUDLQHQGRWKHOLDOFHOOVZLWKVRPHH[WHQVLRQRIWKHODEHOOLQJ
WR DVWURF\WHV DQGPLFURJOLDO FHOOV 7R DVVHVV ZKHWKHU H[SUHVVLRQ RI EUDLQ
,'2ZDVDVVRFLDWHGZLWKGHSUHVVLYHOLNHEHKDYLRU/36DQG%&*WUHDWHG
PLFHZHUHVXEPLWWHGWRDIRUFHGVZLPPLQJWHVW'XUDWLRQRILPPRELOLW\LQ
FUHDVHGDWKSRVW/36DQGDWGD\VSRVW%&*DVH[SHFWHG7KHVHUHVXOWV
GHPRQVWUDWHWKDWSHULSKHUDOLPPXQHVWLPXOLFDQDFWLYDWHEUDLQ,'2LQERWK
DFXWHDQGFKURQLFH[SHULPHQWDOVHWWLQJVSRLQWLQJWRDOLNHO\UROHRI,'2LQ
GHYHORSPHQWRIF\WRNLQHLQGXFHGPRRGDOWHUDWLRQV
6XSSRUWHGE\$&,³1HXURVFLHQFHVLQWpJUpHVHWFRPSXWDWLRQQHOOHV´	1,+
50+
6
*RQDGDO+RUPRQHV%UDLQDQG0RRGIURP$QLPDO0RGHOV
WR+XPDQ'LVRUGHUV
6
(VWURJHQ6HURWRQLQ,QWHUDFWLRQV,PSOLFDWLRQVIRU&RJQLWLYH
DQG$IIHFWLYH'LVRUGHUV
-XOLD)HGRWRYD
,QVWLWXWHIRU([SHULPHQWDO0HGLFLQH5XVVLD
2EMHFWLYHV7KHUHLVQRGRXEWWKHLQWHUDFWLRQVDPRQJHVWURJHQVHURWRQLQH
DQG FRJQLWLYH EHKDYLRUV +RZHYHU HYHQ WKH VLPSOH LQWHUDFWLRQV EHWZHHQ
WKHVHYDULDEOHVKDYHSURYHQUHVLVWDQWWRFRPPRQVXJJHVWLRQV,WLVRILQWHUHVW
WR HVWLPDWH WKH LQYROYHPHQW RI +7$+7$ UHFHSWRUV LQ WKH FRJQLWLYH
DQG DIIHFWLYH EHKDYLRUV RI K\SRHVWURJHQLF DQLPDO PRGHOV DGPLQLVWHUHG
HVWURJHQFRQFXUUHQWO\ZLWKKLJKVHOHFWLYHVHURWRQHUJLFOLJDQGV7KHSUHVHQW
ZRUNZDVGHYRWHGWRWKHFRPSDUDWLYHDQDO\VLVRIEHKDYLRULQRYDULHFWRPL]HG
29; IHPDOH UDW FKURQLFDOO\ UHFHLYLQJ KLJKVHOHFWLYH DJRQLVW RI +7$
UHFHSWRUV2+'3$7PJNJVFDQWDJRQLVWRI+7$UHFHSWRUV
1$1PJNJLSDJRQLVWRI+7$&UHFHSWRUVP&33
PJNJLSDQWDJRQLVWRIRI+7$&UHFHSWRUVNHWDQ]HULQHPJNJ
LSDORQHRULQDFRPELQDWLRQZLWKȕHVWUDGLROȝJSHUUDWVFGXULQJ
GD\VRQWKHVSDWLDODQGQRQVSDWLDOOHDUQLQJDQ[LHW\GHSUHVVLRQ
0HWKRGV 7KH EHKDYLRU RI DQLPDOV ZHUH DVVHVVHG LQ SDVVLYH DQG DFWLYH
DYRLGDQFH WHVWV LQ0RUULVZDWHUPD]H LQ IRUFHG VZLP WHVW LQ RSHQ ¿HOG
WHVW DQG HOHYDWHG SOXV PD]H 7KH PHDVXUHPHQW RI IROOLWURSLQH OXWURSLQH
SURJHVWHURQH HVWUDGLRO LQ WKH EORRG VDPSOHVZDV SHUIRUPHG E\5,$7KH
H[SUHVVLRQRI+7$+7$ȕHVWUDGLROUHFHSWRUVP51$VDQGF)RV
LQGXFWLRQLQWKHVWUXFWXUHVRIWKHEUDLQZHUHDVVHVVHGE\273&56WDWLVWLFDO
SURFHVVLQJRIWKHUHFHLYHGGDWDZDVFDUULHGRXWZLWKXVHRIRQHZD\$129$
WHVWDQGSRVWKRFWHVWDWS
5HVXOWV ,Q SDVVLYH DYRLGDQFH WHVW LQ29; UDWV UHFHLYLQJ 2+'3$7RU
P&33 DORQH RU LQ FRPELQDWLRQZLWK ȕHVWUDGLRO WKH SDVVLYH DYRLGDQFH
UHVSRQVHZDVFRPSOHWHO\UHVWRUHGDVFRPSDUHGWRWKHFRQWURO,QWKHIRUFHG
VZLP WHVW 29; UDWV GHPRQVWUDWHG WKH HQKDQFHG WLPH LPPRELOLW\ 2+
'3$7 DORQH RU LQ FRPELQDWLRQZLWK ȕHVWUDGLRO VLJQL¿FDQWO\ GHFUHDVHG
WLPH LLPPRELOLW\ LQ 29; UDWV ZKLOH 1$1 DORQH RU LQ FRPELQDWLRQ
ZLWKȕHVWUDGLROVLJQL¿FDQWO\ LQFUHDVHG WLPH LPPRELOLW\DVFRPSDUHG WR
WKH FRQWURO 7KH 2+'3$7 DORQH DOVR VLJQL¿FDQWO\ HQKDQFHG WKH WLPH
VSHQWDQGQXPEHURIHQWHULQJVLQWRWKHRSHQDUPVLQ29;UDWVZKHUHDVLWV
FRPELQDWLRQZLWKȕHVWUDGLROIDLOHGWRPRGLI\WLPHVSHQWDQGQXPEHURI
HQWHULQJVLQWRWKH©?RSHQDUPVLQWKH29;UDWVDVFRPSDUHGWRWKHFRQWURO
DQG29;UDWVUHFHLYLQJRQO\ȕHVWUDGLRO
&RQFOXVLRQV 7KH GDWD LQGLFDWH WKH PRGXODWRU\ UROH RI +7$+7$
UHFHSWRUV LQ FRQWURO RI WKH FRJQLWLYH IXQFWLRQV DQG HQGRFULQH UHVSRQVH LQ
RYDULHFWRPL]HGIHPDOHUDWV7KHUHDFWLYLW\RIWKHFHQWUDOVHURWRQHUJLFV\VWHP
LVGLIIHUHQWLDOO\DIIHFWHGE\WKHKRUPRQDOFRQGLWLRQDQGWKHPHFKDQLVPRI
WKLVPRGXODWRU\ DFWLRQ FDQ EH DVVRFLDWHGZLWK QRQJHQRPLF DQG JHQRPLF
HIIHFWVRIHVWUDGLRO
6
1R$EVWUDFW5HFHLYHG
9HUD3RSRYLF
6HUELDDQG0RQWHQHJUR
6
1R$EVWUDFW5HFHLYHG
(YD3DORYD
6ORYDN5HSXEOLF
6
'LDJQRVLVDQG7KHUDS\RI:RPHQ¶V'HSUHVVLRQGXULQJ
0HQRSDXVH
3HWHU*DV]QHU
1DWLRQDO,QVWLWXWHRI3V\FKLDWU\DQG1HXURORJ\%XGDSHVW
+XQJDU\
3HULPHQRSDXVH WKH SHULRGPRVWO\ DVVRFLDWHGZLWK DQ LQFUHDVH LQ WKH UDWH
RI GHSUHVVLYH V\PSWRPDWRORJ\ LV FKDUDFWHULVHG E\ D JUDGXDO GHFOLQH RI
HVWURJHQDFWLYLW\7KXVHVWURJHQKDVEHHQORQJEHOLHYHGWKHPRVWUHOHYDQW
KRUPRQHLQYROYHGLQWKHSDWKRJHQHVLVRIPHQRSDXVDOGHSUHVVLRQ6XFKQR
WLRQZDVVXSSRUWHGE\WKHUHVXOWVRIVWXGLHVVKRZLQJDQHIIHFWRIHVWURJHQ
RQ HPRWLRQDO IXQFWLRQV DVZHOO DV D WKHUDSHXWLF HIIHFW RI WKH KRUPRQH LQ
PHQRSDXVDOGHSUHVVLRQ
7ZR WKHRULHV DWWHPSW WR H[SODLQ D SDWKRJHQLF PHFKDQLVP RI HVWURJHQ LQ
PHQRSDXVDO GHSUHVVLRQ 7KH PRVW SUHGRPLQDQW LV WKDW RI WKH ÄHVWURJHQ
ZLWKGUDZDO³
$QRWKHU ELRORJLFDO FRQFHSW RI SHULPHQRSDXVDO GHSUHVVLRQ LV FDOOHG WKH
ÄGRPLQRWKHRU\³7KLVWKHRU\SURSRVHVWKDWVRPDWLFV\PSWRPVRIWKHSHUL
PHQRSDXVHVXFKDVKRWÀXVKHVDQGQLJKWVZHDWVOHDGWRVOHHSGLVWXUEDQFH
ZKLFKLQWXUQFDXVHVGD\WLPHPRRGFKDQJHV
$GPLQLVWUDWLRQRIIHPDOHKRUPRQHVIRUWKHUDSHXWLFSXUSRVHVLQPHQRSDXVDO
GHSUHVVLRQKDVDORQJWUDGLWLRQ2YDULDQH[WUDFWZDVXVHGDFHQWXU\DJRDQG
HVWURJHQZDVDGPLQLVWHUHGVKRUWO\DIWHUWKHLVRODWLRQRIWKLVKRUPRQH
7KHWKHUDS\RIWKHSHULPHQRSDXVDOGHSUHVVLRQPXVWEHFRPSOH[FRQFHUQLQJ
WKHULVNIDFWRUV%HFDXVHWKHFRQQHFWLRQEHWZHHQHVWURJHQSURGXFWLRQDQG
GHSUHVVLRQWKHWUHDWPHQWRIPDMRUDQGPLQRUGHSUHVVLRQLQSHULPHQRSDXVH
PXVWEHDQWLGHSUHVVDQWVDQGRUKRUPRQHUHSODFHPHQWWKHUDS\EXWWKHUHVXOWV
"2!).¬&5.#4)/.¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
RIDQWLGHSUHVVDQWVDUHEHWWHU
7RWHVWWKLVK\SRWHVLVZHFRQGXFWHGDFOLQLFDOWULDO)URPWKHSDWLHQWV
ZLWKPDMRUGHSUHVVLRQGXULQJSHULPHQRSDXVHLPSURYHGE\DQWLGHSUHVVDQW
WKHUDS\ PJ UHER[HWLQHGD\ DIWHUZHHNV LPSURYHGZLWKHVWURJHQ
DIWHU  GD\V  LPSURYHG ZLWK WKH FRPELQDWLRQ RI DQWLGHSUHVVDQW DQG
HVWURJHQEXWSDWLHQWVLPSURYHGE\WKHFRPELQDWLRQRIDQWLGHSUHV
VDQWDQGSV\FKRWKHUDS\
7KHFRQFOXVLRQRIRXUVWXG\WKHFRPELQDWLRQRIWKHDQWLGHSUHVVDQWDQGSV\
FKRWKHUDS\RU WKHDQWLGHSUHVVDQWDQGHVWURJHQDUH WKHEHVWVROXWLRQGXULQJ
WKHWUHDWPHQWRISHULPHQRSDXVDOGHSUHVVLRQ
5HIHUHQFHV
*DV]QHU 3+DOEUHLFK9:RPHQV¶V0HQWDO+HDOWK%XGDSHVW$QLPXOD

5\EDNRZVNL - 5DMHZVND - 0HQRSDXVDO GHSUHVVLRQ +RUPRQDO DQG
QHXURWUDQVPLWWHU IDFWRUV ,Q:RPHQ¶V0HQWDO+HDOWK %XGDSHVW$QLPXOD

6
*RQDGDO+RUPRQHVDV3V\FKRWURSLF0HGLFDWLRQV
8ULHO+DOEUHLFK
%LREHKDYLRUDO3URJUDP6WDWH8QLYHUVLW\RI1HZ<RUNDW%XIIDOR
86$
2EMHFWLYHV:RPHQ¶V *RQDGDO KRUPRQHV HVWURJHQV DQG SURJHVWLQV KDYH
EHHQVKRZQWRLQÀXHQFHPXOWLSOH&16V\VWHPV7KHUHIRUHWKH\KDYHEHHQ
VWXGLHVDVDQWLGHSUHVVDQWVRUDXJPHQWDWLRQWKHUDSLHVIRUVHYHUDO'\VSKRULF
VWDWHV(YDOXDWLRQRIWKHLUHI¿FDF\IRU5HSURGXFWLYH5HODWHG'\VSKRULDVDV
ZHOODVRWKHUG\VSKRULDVLVQHHGHG
0HWKRGV2XUVWXGLHVRIZRPHQRIUHSURGXFWLYHDJHDVZHOODVVWXGLHVE\
RWKHUV DUH DVVHVVHG 7KH VLWXDWLRQV LQ IRFXV DUH SUHPHQVWUXDO V\QGURPHV
306SRVWSDUWXPGLVRUGHUV 33'VSHULDQGSRVWPHQRSDXVDOGLVRUGHUV
2WKHUVLWXDWLRQV'\VSKRULDVGXULQJKRUPRQDOFRQWUDFHSWLRQSUHJQDQF\DQG
DGROHVFHQFHDUHUHYLHZHG
5HVXOWV(VWURJHQVDUHHI¿FDFLRXVDVPRQRWKHUDS\DQWLGHSUHVVDQWVPRVWO\
GXULQJWKHHDUO\SRVWSDUWXPSHULRGSUHPHQVWUXDODQGSHULPHQRSDXVDOSH
ULRGV7KHVHSHULRGVDUHFKDUDFWHUL]HGE\KRUPRQDOFKDQJHVDQGLQVWDELOLW\
(VWURJHQVDUH OHVVHI¿FDFLRXVGXULQJRWKHUSHULRGV&KDQJHV LQSURJHVWLQV
PD\EHUHODWHGWRDQ[LHW\VWDWHV
&RQFOXVLRQV'DWDGHPRQVWUDWHWKDWOLPLWDWLRQVRIWUHDWPHQWVZLWKHVWURJHQV
DQGPD\FKDOOHQJHWKHFXUUHQWFRQFHSWRIPHFKDQLVPVRIDFWLRQRIDQWLGH
SUHVVDQWV
6
,V&)RVDQG*OXFRFRUWLFRLG5HFHSWRU([SUHVVLRQ
,PSRUWDQWIRU8QGHUVWDQGLQJWKH,QWUDFHOOXODU0HFKDQLVPV
RI$QWLGHSUHVVDQW'UXJ$FWLRQ"
6
F)RV([SUHVVLRQDQG1RUWULSW\OLQH7KHUDSHXWLF:LQGRZ
,ULVPDUGH2OLYHLUD
'HSDUWPHQWRI1HXURSV\FKLDWU\)HGHUDO8QLYHUVLW\RI%DKLD
%UD]LO
0RQLFD5LEHLUR-RVPDUD)UHJRQHVH(PLOLRGH&DVWURH6LOYD
2EMHFWLYHV 7R DQDO\]H EUDLQ F)RV H[SUHVVLRQ DIWHU DFXWH DGPLQLVWUDWLRQ
RI ERWK QRUWULS\OLQH DQG GHVLSUDPLQH LQ VHYHUDO GRVHV LQ UDWV LQ RUGHU WR
LGHQWLI\ WKH SRVVLEOH H[LVWHQFH RI DQ LQYHUWHG 8VKDSHG GRVHGHSHQGHQW
FXUYHRIF)RVH[SUHVVLRQWKDWFRXOGKHOSWRH[SODLQWKHWKHUDSHXWLFZLQGRZ
REVHUYHGLQVHYHUDOFOLQLFDOVWXGLHV
0HWKRGV7KHH[SHULPHQWDODQLPDOV DGXOW:LVWDUPDOH UDWVZHUH WUHDWHG
ZLWK QRUWULSW\OLQH RU GHVLSUDPLQH    DQG  PJNJ LQMHFWHG LQ
WUDSHULWRQHDOO\ ZKHUHDV FRQWURO DQLPDOV UHFHLYHG LVRWRQLF VDOLQH VROXWLRQ
E\ WKH VDPH URXWH$W WKH HQG RI WKH H[SHULPHQW  K WKH DQLPDOVZHUH
DQHVWKHWL]HG IRU TXLFN UHPRWLRQ RI WKH EUDLQV DQG VXEVHTXHQW DVVHVVPHQW
RIF)RVH[SUHVVLRQ2QHZD\$129$DQGWKH'XQQHWWWWHVWZHUHXVHGWR
DVVHVVJURXSGLIIHUHQFHV
5HVXOWV7KHV\VWHPLFDGPLQLVWUDWLRQRIQRUWULSW\OLQHZDVDEOHWRLQFUHDVHF
)RVH[SUHVVLRQLQIRXUK\SRWKDODPLFDUHDV>ODWHUDOPHGLDOSUHRSWLF032/
PHGLDQSUHRSWLF0Q32SDUDYHQWULFXODU391DQGVXSUDFKLDVPDWLF6FK
QXFOHL@VHHQLQWKH)LJXUHDQGLQWZRKLSSRFDPSDODUHDV>&$DQGWKHSRV
WHURPHGLDOKLSSRFDPSDODP\JGDOD$+L30@DWWKHGRVHRIPJNJZKHQ
FRPSDUHGWRVDOLQHWUHDWHGFRQWUROV+RZHYHUWKLVF)RVH[SUHVVLRQGLVDS
SHDUHGZKHQDQLPDOVZHUHWUHDWHGZLWKWKHVDPHFRPSRXQGDW WKHKLJKHVW
GRVHXVHGPJNJ7KLVSDWWHUQZDVQRWREVHUYHGLQGHVLSUDPLQHWUHDWHG
DQLPDOV
&RQFOXVLRQV7KHVHUHVXOWVVHHPWRFRQ¿UPDELSKDVLFFXUYLOLQHDUUHODWLRQ
VKLSEHWZHHQGRVHVRI17DQGF)RVFRXQWVLQVL[EUDLQDUHDVLQUDWV7KHVH
DUHDVPLJKWEHLPSRUWDQWWDUJHWVIRUVWXG\LQJWKHLQWUDFHOOXODUPHFKDQLVPV
RIDQWLGHSUHVVDQWGUXJDFWLRQ
5HIHUHQFHV
$VEHUJ0&KURQKROP%6MRTYLVW)7XFN'5HODWLRQVKLSEHWZHHQ
SODVPDOHYHODQGWKHUDSHXWLFHIIHFWRIQRUWULSW\OLQH%ULWLVK0HGLFDO-RXUQDO

%HFN &+  $FXWH WUHDWPHQW ZLWK DQWLGHSUHVVDQW GUXJV VHOHFWLYHO\
LQFUHDVHVWKHH[SUHVVLRQRIFIRVLQWKHUDWEUDLQ-RXUQDORI3V\FKLDWU\DQG
1HXURVFLHQFH
GH2OLYHLUD ,5 'LTXHW % 9DQ GHU0HHUVFK9 'DUGHQQHV 5 *RQLGHF -
3UDGR/LPD3$6HOILQKLELWLQJDFWLRQRIQRUWULSW\OLQHµVDQWLLPPR
ELOLW\HIIHFWDWKLJKSODVPDDQGEUDLQOHYHOVLQPLFH3V\FKRSKDUPDFRORJ\

)LJXUHF)RVLPPXQRUHDFWLYHQXFOHLLQK\SRWKDODPLFDUHDVZKHUHVXSUHVVLRQRIF)RV
H[SUHVVLRQZDVREVHUYHG LQ WKHKLJKHVWGRVHRIQRUWULSW\OLQHEXWQRWRIGHVLSUDPLQH
'DWDDUHH[SUHVVHGDVPHDQVHP$VWHULVNVLQGLFDWHS
6
,VWKH*OXFRFRUWLFRLG5HFHSWRU,PSRUWDQWIRU$QWLGHSUHVVDQW
$FWLRQ"
&DUPLQH03DULDQWH
'LYLVLRQRI3V\FKRORJLFDO0HGLFLQH,QVWLWXWHRI3V\FKLDWU\.LQJ¶V
&ROOHJH/RQGRQ8.
2EMHFWLYHV $OWKRXJK WKH HIIHFWV RI DQWLGHSUHVVDQWV RQ JOXFRFRUWLFRLG
KRUPRQHVDQGWKHLUUHFHSWRUVDUHUHOHYDQWIRUWKHWKHUDSHXWLFDFWLRQRIWKHVH
GUXJVWKHPROHFXODUPHFKDQLVPVXQGHUO\LQJWKHVHHIIHFWVDUHXQFOHDU6WXG
LHV LQ GHSUHVVHG SDWLHQWV DQLPDOV DQG FHOOXODUPRGHOV KDYH GHPRQVWUDWHG
WKDWDQWLGHSUHVVDQWVLQFUHDVHJOXFRFRUWLFRLGUHFHSWRU*5DQGPLQHUDORFRU
WLFRLGUHFHSWRU05H[SUHVVLRQDQGIXQFWLRQWKLVLQWXUQLVDVVRFLDWHGZLWK
HQKDQFHGQHJDWLYHIHHGEDFNE\HQGRJHQRXVJOXFRFRUWLFRLGVDQGWKXVZLWK
UHGXFHGUHVWLQJDQGVWLPXODWHG+3$D[LVDFWLYLW\
0HWKRGV,QWKLVSUHVHQWDWLRQZHZLOOUHYLHZDVHULHVRI³LQYLWUR´VWXGLHV
WKDWZHKDYHFRQGXFWHGRYHUWKHODVWIHZ\HDUVRQWKHHIIHFWVRIFKHPLFDOO\
XQUHODWHGDQWLGHSUHVVDQWVLQPRXVH¿EUREODVWVDQGUDWFRUWLFDOQHXURQHV
"2!).¬&5.#4)/.¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
5HVXOWV:HZLOOVKRZWKDWDQWLGHSUHVVDQWVLQYLWURDIIHFWWKHH[SUHVVLRQDQG
IXQFWLRQRI WKH*5DQGRIDVVRFLDWHGSURWHLQVDQGRIPHPEUDQHVWHURLG
WUDQVSRUWHUV WKDWUHJXODWH WKHLQWUDFHOOXODUFRQFHQWUDWLRQRIJOXFRFRUWLFRLGV
OLNHWKHPXOWLGUXJUHVLVWDQFHSJO\FRSURWHLQ7KHVHHIIHFWVVHHPXQUHODWHG
WR WKH DELOLW\ RI DQWLGHSUHVVDQWV WR LQKLELW WKH XSWDNH RI VHURWRQLQ RU QR
UDGUHQDOLQ
&RQFOXVLRQV:HEHOLHYHWKDWHQKDQFHGFRUWLVRODFWLRQLQWKHEUDLQLVDQHX
URWUDQVPLWWHULQGHSHQGHQWHIIHFWRIDQWLGHSUHVVDQWVWKDWPLJKWSURYHWREHD
VXFFHVVIXOPHFKDQLVPLQWKHWKHUDSHXWLFDQWLGHSUHVVDQWHIIHFWV
$FNQRZOHGJHPHQWV2XU UHVHDUFK LV IXQGHGE\ WKH8.0HGLFDO5HVHDUFK
&RXQFLO 05& WKH 1$56$' WKH (XURSHDQ &RPPLVVLRQ *(1'(3
PXOWLFHQWUHLQWHJUDWHGSURMHFWIXQGHGXQGHUWKH)UDPHZRUN3URJUDPPH
&RQWUDFW QXPEHU /6+%&7 WKH 5RVHWUHHV 7UXVW DQG WKH
3V\FKLDWU\5HVHDUFK7UXVW
5HIHUHQFHV
3DULDQWH&07KRPDV6$/RYHVWRQH60DNRII$DQG.HUZLQ5:
'RDQWLGHSUHVVDQWVUHJXODWHKRZFRUWLVRODIIHFWVWKHEUDLQ"&XUW5LFK
WHU$ZDUG3DSHU3V\FKRQHXURHQGRFULQRORJ\
6
7KH+3$D[LV*5DQG05IXQFWLRQDQGUHOHYDQFHWR
GHSUHVVLRQ
0DULR)-XUXHQD
'HSDUWDPHQWRGH3VLTXLDWULDH0HGLFLQD/HJDOGD)))&03$
3RUWR$OHJUH%UD]LO
'LYLVLRQRI3V\FKRORJLFDO0HGLFLQH,QVWLWXWHRI3V\FKLDWU\.LQJ¶V
&ROOHJH/RQGRQ8.
2EMHFWLYHV 7KH SXUSRVH RI WKLV VWXG\ LV WR HYDOXDWH D IXQGDPHQWDO QHX
URELRORJLFDODVSHFWRIGHSUHVVLRQWKHVWDWXVRIWKHK\SRWKDODPLFSLWXLWDU\
DGUHQDO+3$D[LV%HFDXVHWKHHIIHFWVRIJOXFRFRUWLFRLGVDUHPHGLDWHGE\
LQWUDFHOOXODUUHFHSWRUV LQFOXGLQJPRVWQRWDEO\ WKHJOXFRFRUWLFRLGUHFHSWRU
*5VHYHUDOVWXGLHVKDYHH[DPLQHGWKHQXPEHUDQGRUIXQFWLRQRI*5VLQ
GHSUHVVHGSDWLHQWV,QWKLVSUHVHQWDWLRQZHZLOOUHYLHZ*5LQGHSUHVVLRQDQG
VXSSRUWVWKHFRQFHSWWKDWLPSDLUHG*5VLJQDOOLQJLVDNH\PHFKDQLVPLQWKH
SDWKRJHQHVLVRIGHSUHVVLRQ
0HWKRGV7KHVH VWXGLHVKDYH FRQVLVWHQWO\GHPRQVWUDWHG WKDW*5 IXQFWLRQ
LV LPSDLUHG LQPDMRU GHSUHVVLRQ UHVXOWLQJ LQ UHGXFHG*5PHGLDWHG QHJD
WLYH IHHGEDFN RQ WKH+3$D[LV DQG LQFUHDVHG SURGXFWLRQ DQG VHFUHWLRQ RI
&5)LQYDULRXVEUDLQUHJLRQVSRVWXODWHGWREHLQYROYHGLQWKHFDXVDOLW\RI
GHSUHVVLRQ
5HVXOWV$OWKRXJKWKHHIIHFWVRIDQWLGHSUHVVDQWVRQJOXFRFRUWLFRLGKRUPRQHV
DQGWKHLUUHFHSWRUVDUHUHOHYDQWIRUWKHWKHUDSHXWLFDFWLRQRIWKHVHGUXJVWKH
PROHFXODUPHFKDQLVPVXQGHUO\LQJ WKHVHHIIHFWVDUHXQFOHDU:HSURSRVHD
QHZVXSSUHVVLYHWHVWXVLQJSUHGQLVRORQHDV\QWKHWLFJOXFRFRUWLFRLGWKDW LV
VLPLODUWRFRUWLVROLQLWVSKDUPDFRG\QDPLFVDQGSKDUPDFRNLQHWLFV:HIRXQG
DGLIIHUHQFHEHWZHHQ7UHDWPHQW5HVLVWDQW'HSUHVVLRQSDWLHQWVDQGFRQWUROV
LQ WKH UHVSRQVH RI VDOLYDU\ FRUWLVRO WR SUHGQLVRORQH YV GH[DPHWKDVRQH
7KH VXSSUHVVLRQ E\ GH[DPHWKDVRQH ZDV VPDOOHU LQ 75' SDWLHQWV WKDQ LQ
FRQWUROV
&RQFOXVLRQV(QKDQFHGFRUWLVRODFWLRQLQWKHEUDLQPLJKWSURYHWREHDVXF
FHVVIXODSSURDFKWRPD[LPLVHWKHUDSHXWLFDQWLGHSUHVVDQWHIIHFWV+\SRWKHVHV
UHJDUGLQJ WKH PHFKDQLVP RI WKHVH UHFHSWRU FKDQJHV LQYROYH QRQVWHURLG
FRPSRXQGVWKDWUHJXODWH*5IXQFWLRQYLDVHFRQGPHVVHQJHUSDWKZD\V'H[
DPHWKDVRQHDQG3UHGQLVRORQH WHVWVPD\EHPHDVXULQJGLIIHUHQWDVSHFWVRI
WKH+3$D[LV:HVXJJHVWWKDWWKHDGGLWLRQDOHIIHFWVRISUHGQLVRORQHRQ05
UHFHSWRUVPD\XQGHUOLH WKLV GLIIHUHQW SDWWHUQ RI VXSSUHVVLRQ3UHGQLVRORQH
PD\ JLYH DPRUH QDWXUDOLVWLF DVVHVVPHQW RI+3$ D[LV QHJDWLYH IHHGEDFN
5HVHDUFKLQWKLV¿HOGZLOOOHDGWRQHZLQVLJKWVLQWRWKHSDWKRSK\VLRORJ\DQG
WUHDWPHQWRIDIIHFWLYHGLVRUGHUV
5HIHUHQFHV
-XUXHQD0)&OHDUH$-%DXHU0(3DULDQWH&00ROHFXODU
PHFKDQLVP RI *5 VHQVLWLYLW\ DQG UHOHYDQFH IRU DIIHFWLYH GLVRUGHUV$FWD
1HXURSV\FKLDWULFD
3DULDQWH &0 3DSDGRSRXORV $6 3RRQ / &KHFNOH\ 6$ .HUZLQ
5:/LJKWPDQ67KHQRYHOSUHGQLVRORQHVXSSUHVVLRQWHVWIRUWKH
K\SRWKDODPLFSLWXLWDU\DGUHQDOD[LV%LRO3V\FKLDWU\
6
)URPWKH/DEWRWKH&OLQLFDO3UDFWLFH
3HGUR$QW{QLR6FKPLGWGR3UDGR/LPD
%HKDYLRU1HXURELRORJ\5HVHDUFK*URXS%LRPHGLFDO5HVHDUFK
,QVWLWXWH38&563RUWR$OHJUH%UD]LO
,W LV QRZZHOO UHFRJQL]HG WKDW FKURQLF RU LQWHQVH DQ[LHW\PD\ WULJJHU GH
SUHVVLRQ 7KH QHXURELRORJLFDO VXEVWUDWH RI VXFK LQWHUDFWLRQ HQYROYHV WKH
DP\JGDODDQGWKHK\SRWKDODPLFSLWXLWDU\DGUHQRFRUWLFDOD[LV WZRV\VWHPV
WKDWPHGLDWHUHVSRQVHWRVWUHVV,QFOLQLFDOSUDFWLFHWKLVNQRZOHGJHKHOSVWR
XQGHUVWDQGWKHUROHRIVWUHVVDQ[LHW\V\PSWRPVRUDQ[LHW\GLVRUGHUVWRLQLWL
DWHDQGVXVWDLQGHSUHVVLRQDQGVXSSRUWVWKHQHHGWRWUHDWDQ[LHW\DVDIRUP
RISUHYHQWLRQRIGHSUHVVLYHHSLVRGHV,WDOVRFRXOGSURYLGHDQXQGHUVWDQGLQJ
RIWKHPHFKDQLVPVRIDQWLGHSUHVVDQWGUXJVDQGVXSSRUWWKHUROHRIFRJQLWLYH
WKHUDS\ DV DQ DQWLGHSUHVVDQW WUHDWPHQW$QRWKHU WKHRUHWLFDO LPSOLFDWLRQRI
WKLVUHODWLRQVKLSLVWKHUROHRIFKLOGKRRGWUDXPDSUHGLVSRVLQJWRWKHRFFXU
UHQFHRIGHSUHVVLRQDQGERUGHUOLQHSHUVRQDOLW\GLVRUGHUVLQDGXOWKRRG7KH
UHFRJQLWLRQDQGXQGHUVWDQGLQJRIWKHPHFKDQLVPVXQGHUO\LQJVXFKDVVRFLD
WLRQFRXOGSURYLGHDQRWKHUWRROIRUWKHWUHDWPHQWRIWKHVHGLVRUGHUV,QWKLV
OLQHP\FROOHDJXHVZLOOSUHVHQWLQWKLVV\PSRVLXPYHU\UHOHYDQWGDWDDERXW
DQ DOWHUQDWLYHPHFKDQLVP RI DFWLRQ RI DQWLGHSUHVVDQWV GUXJV EH\RQG QHX
URWUDQVPLWWHUVWKDWLVUHODWHGWRWKHUHJXODWLRQRI+3$D[LV,QRWKHUOLQHLW
ZLOOEHDOVRSUHVHQWHGDQLQWHUHVWLQJPRGHOWRVWXG\WKHWKHUDSHXWLFZLQGRZ
UHODWHGWRWKHXVHRIQRUWULSW\OLQHLQWKHWUHDWPHQWRIGHSUHVVLRQWKDWPLJKW
KHOSWRLGHQWLI\ZKLFKEUDLQDUHDVDUHLPSOLFDWHGLQWKLVHIIHFW
5HIHUHQFHV
GR3UDGR/LPD3$6%DFDOWFKXFN-7RSLUDPDWHLQWUHDWPHQWUHVLVW
DQWGHSUHVVLRQDQGELQJHHDWLQJGLVRUGHU%LSRODU'LVRUGHU
6
0ROHFXODU0HFKDQLVPRI1HXURWR[LFLW\DQG3V\FKRVLV
,QGXFHGE\0HWKDPSKHWDPLQH
6
7KH%UDLQ$UHDV5HODWHGWR0HWKDPSKHWDPLQH'HSHQGHQFHLQ
5DWV
7RVKLWDND1DEHVKLPD
1DJR\D8QLYHUVLW\*UDGXDWH6FKRRORI0HGLFLQH-DSDQ
$NLUD1DNDMLPD+LUR\XNL0L]RJXFKL$WVXPL1LWWD
<XNLKLUR1RGD.L\RIXPL<DPDGD
2EMHFWLYHV0HWKDPSKHWDPLQH0(7+LVDSV\FKRVWLPXODQWGUXJDFWLQJRQ
FHQWUDOPRQRDPLQHUJLFQHXURQVWRSURGXFHGHSHQGHQFHDQGSV\FKRVLV7KH
GLVFULPLQDWLYH VWLPXOXV HIIHFWV RI SV\FKRVWLPXODQWV DUH UHODWHG WR DVSHFWV
RIGUXJDFWLRQVWKDWUHVXOWLQWKHLUVXEMHFWLYHHIIHFWVLQKXPDQV,QDGGLWLRQ
GUXJGLVFULPLQDWLRQVWXGLHVUHYHDOVLPLODUGUXJFODVVL¿FDWLRQVEHWZHHQDQL
PDOVDQGKXPDQV7KHUHIRUHWKHGUXJGLVFULPLQDWLRQSURFHGXUHLQDQLPDOV
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PLFH2QWKHRWKHUKDQG0(7+
LQGXFHGFRQGLWLRQHGSODFHSUHIHUHQFHDQGEHKDYLRUDOVHQVLWL]DWLRQDIWHUUH
SHDWHG0(7+WUHDWPHQWZHUHVLJQL¿FDQWO\UHGXFHGLQW3$PLFHFRPSDUHG
ZLWKZLOGW\SHPLFH7KHGHIHFWRIEHKDYLRUDOVHQVLWL]DWLRQLQW3$PLFH
ZDVUHYHUVHGE\PLFURLQMHFWLRQVRIH[RJHQRXVW3$LQWRWKH1$F
&RQFOXVLRQV ,W LVGHPRQVWUDWHG WKDW UHSHDWHG0(7+ LQGXFHV W3$P51$
H[SUHVVLRQ DQG LQFUHDVHV WKH HQ]\PDWLF DFWLYLW\ LQ WKH EUDLQ DQG D GH¿
FLHQF\ RI W3$ DWWHQXDWHV UHZDUGLQJ DQG ORFRPRWRUVHQVLWL]LQJ HIIHFWV RI
0(7+7DNHQWRJHWKHUZLWKRXUSUHYLRXV¿QGLQJVWKDWW3$LVLQYROYHGLQWKH
UHZDUGLQJHIIHFWVRIPRUSKLQHZHSURSRVHWKDWW3$SOD\VDQLPSRUWDQWUROH
LQORQJODVWLQJQHXURQDOFKDQJHVUHODWHGWRGUXJGHSHQGHQFH
5HIHUHQFHV
1DJDL7HWDO7LVVXHSODVPLQRJHQDFWLYDWRUSODVPLQV\VWHPSDUWLFL
SDWHVLQWKHUHZDUGLQJHIIHFWRIPRUSKLQHE\UHJXODWLQJGRSDPLQHUHOHDVH
3URF1DWO$FDG6FL86$
1DJDL7HW DO 7KH UROHRI WLVVXHSODVPLQRJHQDFWLYDWRU LQPHWKP
SKHWDPLQHUHODWHGUHZDUGDQGVHQVLWL]DWLRQ-1HXURFKHPLQSUHVV
6
1HXURDFWLYH/LSLGVLQ3V\FKLDWU\%LRORJ\DQG7KHUDSHXWLF
$SSOLFDWLRQV
6
5HOHYDQFHRI1HXURDFWLYH/LSLGVWR3V\FKLDWU\$5HYLHZ
5DYLQGHU5HGG\
8QLYHUVLW\RI3LWWVEXUJK86$
-HIIUH\.<DR
2EMHFWLYHV7RSURYLGHDWKHRUHWLFDOUDWLRQDOHIRUWKHLPSRUWDQFHRIQHXURDF
WLYHOLSLGVSDUWLFXODUO\WKHHVVHQWLDOIDWW\DFLGVRPHJDDQGRPHJDVH
ULHVDQGWKHLUPHWDEROLWHVWRWKHHWLRORJ\SDWKRSK\VLRORJ\DQGWUHDWPHQWRI
SV\FKLDWULFGLVRUGHUVVXFKDVVFKL]RSKUHQLDPRRGDQGQHXURGHYHORSPHQWDO
GLVRUGHUV7KHSUHVHQWDWLRQZLOOKLJKOLJKWNH\DVSHFWVRIQHXURDFWLYH OLSLG
ELRORJ\DVDPHDQVRIVHWWLQJWKHVWDJHIRUSUHVHQWDWLRQVLQWKLVV\PSRVLXP
WKDWZLOOGLVFXVVUHVHDUFK¿QGLQJVLQDYDULHW\RISV\FKLDWULFFRQGLWLRQV
0HWKRGV7KHH[WDQWOLWHUDWXUHZDVUHYLHZHGDQGUHVHDUFK¿QGLQJVIURPRXU
ODERUDWRU\LQFRUSRUDWHGLQWRWKHOLWHUDWXUHVXUYH\
5HVXOWV 1HXURQV QXFOHL DQG PLWRFKRQGULD DUH HQYHORSHG LQ ELOD\HU
PHPEUDQHV WKDWDUHSUHGRPLQDQWO\FRPSULVHGRISKRVSKROLSLGVZLWK ODUJH
FRQFHQWUDWLRQV RI HVVHQWLDO IDWW\ DFLGV (VVHQWLDO IDWW\ DFLGV FDQQRW EH
PDQXIDFWXUHGGHQRYRE\ WKHERG\DQGPXVWEH FRQVXPHG LQGLHW0HP
EUDQHFRPSRVLWLRQLVFULWLFDOIRUDEURDGUDQJHRISK\VLFRFKHPLFDOQHXURQDO
IXQFWLRQV LQFOXGLQJ UHFHSWRU ELQGLQJ QHXURWUDQVPLVVLRQ VLJQDO WUDQVGXF
WLRQ DQG SURVWDJODQGLQ V\QWKHVLV &URVVQDWLRQDO UHVHDUFK KDV IRXQG D
YDULHW\ RI DEQRUPDOLWLHV RI QHXURDFWLYH OLSLGVPHWDEROLVP LQ D QXPEHU RI
QHXURSV\FKLDWULF GLVRUGHUV WKDW KDYH WKH SRWHQWLDO WR H[SOLFDWH DVSHFWV RI
WKHLUSDWKRSK\VLRORJ\DQGRIIHUQRYHOWKHUDSHXWLFRSSRUWXQLWLHV
&RQFOXVLRQV7KHUHLVVXI¿FLHQWHPSLULFDOHYLGHQFHLQGLFDWLQJWKDWHVVHQWLDO
IDWW\DFLGVPD\KDYHPHDQLQJIXOUROHVLQWKHSDWKRSK\VLRORJ\DQGWKHUDS\
RIPDMRUSV\FKLDWULFGLVRUGHUV
5HIHUHQFHV
5HGG\5.HVKDYDQ06<DR-. LQSUHVV5HGXFHG UHGEORRGFHOOPHP
EUDQHSRO\XQVDWXUDWHGIDWW\DFLGVLQ¿UVWHSLVRGHVFKL]RSKUHQLDDWQHXUROHS
WLFQDwYHEDVHOLQH6FKL]RSKUHQLD%XOOHWLQ
<DR-.$EQRUPDOLWLHVRIIDWW\DFLGPHWDEROLVPLQUHGFHOOVSODWHOHWV
DQGEUDLQLQVFKL]RSKUHQLD,Q3KRVSKROLSLG6SHFWUXP'LVRUGHUVLQ3V\FKLD
WU\DQG1HXURORJ\QGHGLWLRQ3HHW0*OHQ,DQG+RUURELQ')HGV
0DULXV3UHVV/DQFDVKLUH8.SS
6
7KH5ROHRI3KRVSKROLSDVH$LQ$O]KHLPHU¶V'LVHDVH
:DJQHU)*DWWD]
/DERUDWRU\RI1HXURVFLHQFHDQG2OG$JH5HVHDUFK*URXS
3527(5'HSDUWPHQWDQG,QVWLWXWHRI3V\FKLDWU\)DFXOW\RI
0HGLFLQH8QLYHUVLW\RI6mR3DXOR%UD]LO
2UHVWHV9)RUOHQ]D&DVVLR0&%RWWLQR&ODXGLR&&DVWUR
(YHOLQ6FKDHIIHU
3KRVSKROLSDVH$3/$LVDNH\HQ]\PHLQSKRVSKROLSLGPHWDEROLVP,Q
WKHEUDLQ3/$LVLQYROYHGLQWKHOLEHUDWLRQRIPHPEUDQHFKROLQHIRUDFH
W\OFKROLQHV\QWKHVLVDVZHOODVLQWKHSURFHVVLQJRIWKHDP\ORLGSUHFXUVRU
SURWHLQWRIRUPWKHEHWDDP\ORLGWKHPDMRUFRPSRQHQWRIVHQLOHSODTXHVLQ
$O]KHLPHUµV'LVHDVH$',QSUHYLRXVSRVWPRUWHPVWXGLHVZHUHSRUWHGRQ
GHFUHDVHG3/$DFWLYLW\LQWKHIURQWDODQGLQWKHSDULHWDOFRUWH[RISDWLHQWV
ZLWK $' VXJJHVWLQJ UHGXFHG SKRVSKROLSLG PHWDEROLVP LQ WKH GLVHDVH
,QWHUHVWLQJO\ZHIRXQGDOVRDUHGXFWLRQRI3/$DFWLYLW\LQSODWHOHWPHP
EUDQHVRI$'SDWLHQWVVXJJHVWLQJWKDWUHGXFHGSKRVSKROLSLGWXUQRYHUPD\
DOVREHREVHUYHGLQSHULSKHUDOFHOOVRI$'SDWLHQWV ,QD LQYLYRVWXG\ZH
LQYHVWLJDWHGWKHLQWUDFHUHEUDOSKRVSKROLSLGPHWDEROLVPLQSDWLHQWVZLWK
SUREDEOH$'DQGDJHPDWFKHGFRQWUROVWKURXJK30DJQHWLF5HVRQDQFH
6SHFWURVFRS\RIWKHSUHIURQWDOFRUWH[&RJQLWLYHDVVHVVPHQWZDVSHUIRUPHG
E\ WKH&$0'(; VFKHGXOH 30( UHVRQDQFHZDV VLJQL¿FDQWO\ KLJKHU DQG
3'(ZDVORZHUDPRQJ$'WKDQFRQWUROV30(FRUUHODWHGQHJDWLYHO\ZLWK
FRJQLWLYHSHUIRUPDQFH+LJKHU30(LQGLFDWHVUHGXFHGEUHDNGRZQRIPHP
EUDQHSKRVSKROLSLGVZKLFKLVLQOLQHZLWKUHGXFHG3/$DFWLYLW\2XU¿QG
LQJVLQWKHSUHIURQWDOFRUWH[VXJJHVWWKDWUHGXFHGPHPEUDQHSKRVSKROLSLG
WXUQRYHUPD\EHDZLGHVSUHDGFHUHEUDOSKHQRPHQRQLQ$'EUDLQVVLQFHWKH
SUHIURQWDOFRUWH[LVDUHJLRQQRWDVVHYHUHO\DIIHFWHGE\WKHQHXURGHJHQHUD
WLYHSURFHVVDVWHPSRUDODQGSDULHWDODUHDVVSHFLDOO\LQHDUO\GHPHQWLD
7RLQYHVWLJDWHIXUWKHUWKHLPSOLFDWLRQVRIUHGXFHG3/$IRU$'ZHFDUULHG
RQDVHULHVRIDQLPDOH[SHULPHQWVWRWHVWWKHHIIHFWVRIWKHLQKLELWLRQRIEUDLQ
3/$LQPHPRU\IRUPDWLRQLQUDWV,QHDUO\$'WKHUHLVDQLPSDLUPHQWRI
HSLVRGLFVKRUWWHUP670DQGORQJWHUPPHPRU\/70,QUDWKLSSRFDP
SDOVOLFHV3/$KDVEHHQLPSOLFDWHGLQPHFKDQLVPVRIV\QDSWLFSODVWLFLW\
LQYROYHGLQPHPRU\IRUPDWLRQ$GXOW:LVWDUUDWVZHUHELODWHUDOO\LPSODQWHG
ZLWK LQGZHOOLQJ FDQQXODH LQ WKH &$ UHJLRQ RI WKH GRUVDO KLSSRFDPSXV
$IWHUVXUJHU\DQLPDOVZHUHVXEPLWWHGWRRQHVHVVLRQRIVWHSGRZQLQKLEL
WRU\DYRLGDQFH WUDLQLQJ$QLPDOVUHFHLYHGDELODWHUDO LQIXVLRQRIDYHKLFOH
RURIRQHIURPWKUHHGLIIHUHQW3/$LQKLELWRUVJLYHQPLQEHIRUHWUDLQLQJ
7KHDQLPDOVZHUH WHVWHGIRU670DQG/70DIWHU WUDLQLQJ ,QIXVLRQRI WKH
GLIIHUHQW3/$LQKLELWRUVLPSDLUHGERWK670DQG/70LQDGRVHGHSHQGHQW
PDQQHU 7DNHQ WRJHWKHU RXU ¿QGLQJV VXJJHVW WKDW UHGXFHG 3/$ DFWLYLW\
SUREDEO\UHGXFLQJPHPEUDQHSKRVSKROLSLGVEUHDNGRZQPD\FRQWULEXWHWR
WKHPHPRU\LPSDLUPHQWLQ$'
"2!).¬&5.#4)/.¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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(VVHQWLDO)DWW\$FLG6XSSOHPHQWDWLRQLQ6FKL]RSKUHQLDDQG
0RRG'LVRUGHUV
5RELQ(PVOH\
8QLYHUVLW\RI6WHOOHQERVFK&DSH7RZQ6RXWK$IULFD
3LHW2RVWKXL]HQ6XVDQ-YDQ5HQVEXUJ
2EMHFWLYHV7KLVSUHVHQWDWLRQZLOOUHYLHZWKHHYLGHQFHIRUWKHXVHRIHVVHQ
WLDOIDWW\DFLGVDVVXSSOHPHQWDOPHGLFDWLRQLQVFKL]RSKUHQLDDQGWKHPRRG
GLVRUGHUV
0HWKRGV$0HGOLQHVHDUFKRIWKH(QJOLVKOLWHUDWXUHZDVSHUIRUPHG3XE
OLVKHGFDVHUHSRUWVDQGFOLQLFDOWULDOVLQWKH(QJOLVKOLWHUDWXUHLQZKLFKWKH
HVVHQWLDOIDWW\DFLGVKDYHEHHQLQYHVWLJDWHGDVWKHUDSHXWLFDJHQWVLQVFKL]R
SKUHQLDDQGPRRGGLVRUGHUVZHUHLQFOXGHG
5HVXOWV0XFKRI WKH FOLQLFDO UHVHDUFK FRQGXFWHG LQ WKH¿HOG RI HVVHQWLDO
IDWW\ DFLGV FDQ EH FULWLFLVHG IRU PHWKRGRORJLFDO OLPLWDWLRQV 6DPSOHV DUH
JHQHUDOO\ VPDOO DQG VWXG\ GHVLJQV VRPHWLPHV ODFN WKH ULJRXU RIWHQ VHHQ
ZLWKPXOWLQDWLRQDOFOLQLFDOWULDOVVXSSRUWHGE\WKHSULYDWHVHFWRU+RZHYHU
WDNHQ WRJHWKHU WKHUH LV D JURZLQJERG\RI HYLGHQFH VXJJHVWLQJ LPSRUWDQW
UROHVVSHFL¿FDOO\IRU(3$LQPRRGGLVRUGHUVDQGVFKL]RSKUHQLD
&RQFOXVLRQV7KHUHLVSUHOLPLQDU\HYLGHQFHWKDWWRJG(3$LVDQHIIHF
WLYH VXSSOHPHQWDU\ WUHDWPHQW LQPDMRU GHSUHVVLYHGLVRUGHU DQG WR  JG
(3$ LQ VFKL]RSKUHQLD 7KHUHPD\ EH DGGLWLRQDO EHQH¿WV LQ ELSRODUPRRG
GLVRUGHUDQG7'0RUHZHOOGHVLJQHGFOLQLFDOWULDOVDUHUHTXLUHGWRIXUWKHU
HOXFLGDWHWKHUROHRI()$VLQPRRGGLVRUGHUVDQGVFKL]RSKUHQLD
6
7KH2[IRUG'XUKDP6WXG\$5&7RI)DWW\$FLG7UHDWPHQWLQ
'&'&KLOGUHQ
$OH[DQGUD5LFKDUGVRQ
8QLYHUVLW\/DERUDWRU\RI3K\VLRORJ\2[IRUG8.
3DXO0RQWJRPHU\
2EMHFWLYHV'HYHORSPHQWDOFRRUGLQDWLRQGLVRUGHU'&'DIIHFWVDURXQG
RI VFKRRO DJH FKLOGUHQ ,Q DGGLWLRQ WR WKH FRUH GH¿FLWV LQPRWRU IXQFWLRQ
'&' LV FRPPRQO\ DVVRFLDWHGZLWK GLI¿FXOWLHV LQ OHDUQLQJ EHKDYLRXU DQG
SV\FKRVRFLDO DGMXVWPHQW WKDW SHUVLVW LQWR DGXOWKRRG 0RXQWLQJ HYLGHQFH
VXJJHVWVWKDWDODFNRIFHUWDLQSRO\XQVDWXUDWHGIDWW\DFLGVPD\FRQWULEXWHWR
UHODWHGGLVRUGHUVVXFKDVG\VOH[LDDQG$'+'&XUUHQWO\WKHUHLVDODFNRI
HIIHFWLYHHYLGHQFHEDVHGWUHDWPHQWRSWLRQVIRU'&'7KHUHIRUHWKHDLPRI
WKLVVWXG\ZDVWRLQYHVWLJDWHWKHHIIHFWVRIWUHDWPHQWZLWKIDWW\DFLGV
0HWKRGV $ UDQGRPLVHG GRXEOHEOLQG SODFHER FRQWUROOHG WULDO RI WUHDW
PHQWZLWK RPHJD DQG RPHJD IDWW\ DFLGVZDV FRQGXFWHG LQ '&'
FKLOGUHQ DJHG  \HDUV7UHDWPHQW IRU PRQWKV LQ SDUDOOHO JURXSVZDV
IROORZHGE\DRQHZD\FURVVRYHUSODFHERWRDFWLYHIRUDIXUWKHUPRQWKV
3ULPDU\RXWFRPHVZHUH$'+'UHODWHGEHKDYLRXUSUREOHPVDVDVVHVVHGE\
WHDFKHUVOLWHUDF\VNLOOVUHDGLQJDQGVSHOOLQJDQGREMHFWLYHWHVWVRIPRWRU
VNLOOV$OOPHDVXUHVZHUHDJHVWDQGDUGLVHG
5HVXOWV6LJQL¿FDQWLPSURYHPHQWVIRUDFWLYHWUHDWPHQWYHUVXVSODFHERZHUH
IRXQGIRUEHKDYLRXU= SUHDGLQJ= SDQG
VSHOOLQJ= SRYHUPRQWKVRI WUHDWPHQW LQSDUDOOHOJURXSV
+RZHYHU QR HIIHFW RI WUHDWPHQW RQ PRWRU VNLOOV ZDV DSSDUHQW = 
S )ROORZLQJWKHFURVVRYHUVLPLODUFKDQJHVZHUHVHHQLQWKHSODFHER
DFWLYHJURXSZKLOHFKLOGUHQFRQWLQXLQJZLWKDFWLYHWUHDWPHQWPDLQWDLQHGRU
LPSURYHGWKHLUSURJUHVV
&RQFOXVLRQV)DWW\DFLGVXSSOHPHQWDWLRQPD\RIIHUDVDIHDQGHI¿FDFLRXV
WUHDWPHQWRSWLRQIRUHGXFDWLRQDODQGEHKDYLRXUDOSUREOHPVLQFKLOGUHQZLWK
'&')XUWKHUZRUNLVQHHGHGWRLQYHVWLJDWHZKHWKHURXULQDELOLW\WRGHWHFW
DQ\LPSURYHPHQWLQPRWRUVNLOOVUHÀHFWV WKHPHDVXUHVXVHGDQGWRDVVHVV
WKHGXUDELOLW\RIWUHDWPHQWHIIHFWVRQEHKDYLRXUDQGDFDGHPLFSURJUHVV
5HIHUHQFHV
&RQQHUV&.&RQQHUVµ5DWLQJ6FDOHV5HYLVHG1HZ<RUN0XOWL+HDOWK
6\VWHPV,QF
:HFKVOHU':HFKVOHU2EMHFWLYH5HDGLQJ'LPHQVLRQV:25'7KH3V\
FKRORJLFDO&RUSRUDWLRQ/RQGRQ+DUFRXUW%UDFH	&R
+HQGHUVRQ6( 6XJGHQ'0RYHPHQW$VVHVVPHQW%DWWHU\ IRU&KLOGUHQ
1HZ<RUN+DUFRXUW%UDFH7KH3V\FKRORJLFDO&RUSRUDWLRQ
6
2PHJD)DWW\$FLGVDQG6FKL]RSKUHQLD
0DOFROP3HHW
6ZDOORZQHVW&RXUW+RVSLWDO6KHI¿HOG8.
2EMHFWLYHV7R UHYLHZ WKH UDWLRQDOHDQGHYLGHQFHEDVH IRUXVLQJRPHJD
IDWW\DFLGVLQWKHWUHDWPHQWRIVFKL]RSKUHQLD
0HWKRGV/LWHUDWXUHUHYLHZ
5HVXOWV0DQ\ OLQHV RI HYLGHQFH SRLQW WR DEQRUPDOLWLHV RI IDWW\ DFLG DQG
SKRVSKROLSLGPHWDEROLVPLQVFKL]RSKUHQLFSDWLHQWV%HFDXVHRI¿QGLQJVWKDW
HU\WKURF\WHPHPEUDQHOHYHOVRIRPHJDIDWW\DFLGVZHUHUHGXFHGLQVFKL]R
SKUHQLFSDWLHQWVDQGWKDWWKHVHYHULW\RIVFKL]RSKUHQLFV\PSWRPVFRUUHODWHG
ZLWKWKHDPRXQWRIRPHJDIDWW\DFLGVLQWKHQRUPDOGDLO\GLHWVWXGLHVRI
RPHJDIDWW\DFLGVLQWKHWUHDWPHQWRIVFKL]RSKUHQLDZHUHLQLWLDWHG7KHUH
DUHQRZVL[UHSRUWHGGRXEOHEOLQGSODFHERFRQWUROOHGWULDOVRIRPHJDIDWW\
DFLGV LQ WKH WUHDWPHQW RI VFKL]RSKUHQLD DQG ¿YH RI WKHVH KDYH UHSRUWHG
SRVLWLYH¿QGLQJVLQHLWKHUWKHSULPDU\RUVHFRQGDU\VWDWLVWLFDODQDO\VLV0RVW
VWXGLHVKDYHXVHGHLFRVDSHQWDHQRLFDFLG(3$
&RQFOXVLRQV 2PHJD IDWW\ DFLGV PD\ UHSUHVHQW D QHZ WKHUDSHXWLF DS
SURDFK WR VFKL]RSKUHQLD 7KHUH LV HYLGHQFH WKDW RWKHU QXWULHQWV PD\ DOVR
EHLPSRUWDQWLQUHODWLRQWRWKHVHYHULW\DQGRXWFRPHRIVFKL]RSKUHQLDDQG
QXWULWLRQDODSSURDFKHVZKLFKLQFOXGHQRWRQO\RPHJDIDWW\DFLGVEXWDOVR
RWKHUQXWULWLRQDOLQWHUYHQWLRQVZLOOQHHGWREHLQYHVWLJDWHGIXUWKHULQODUJH
VFDOHFOLQLFDOWULDOV
6
1HZ%LRORJLFDO0DUNHURI0RRG'LVRUGHUV
6
1HDU,QIUDUHG6SHFWURVFRS\1,566WXG\RI0RRG'LVRUGHUV
0DVDWR)XNXGD
*XQPD8QLYHUVLW\-DSDQ
7RUX8HKDUD,WVXUR,GD0DVDKLNR0LNXQL
2EMHFWLYHV 1HDULQIUDUHG VSHFWURVFRS\ 1,56 LV D UHFHQWO\ GHYHORSHG
WHFKQRORJ\ WKDWPRQLWRUVFHUHEUDOEORRGYROXPHFKDQJHVQRQLQYDVLYHO\ LQ
EHGVLGH VHWWLQJ 1,56 KDV EHHQ LQFUHDVLQJO\ HPSOR\HG LQ SV\FKLDWU\ UH
VHDUFKVXFKDVIXQFWLRQDOQHXURLPDJLQJVWXGLHVRISHUVRQDOLW\>@DJLQJ>@
DQGSV\FKLDWULFGLVRUGHUV>@7KHSUHVHQWVWXG\LQYHVWLJDWHGFKDUDFWHULVWLFV
RIIURQWDOOREHIXQFWLRQXVLQJPXOWLFKDQQHO1,56PDFKLQHVLQPDMRUGHSUHV
VLYHGLVRUGHUDQGELSRODUGLVRUGHU>@
0HWKRGV (OHYHQ SDWLHQWV ZLWK PDMRU GHSUHVVLYH GLVRUGHU VHYHQWHHQ SD
WLHQWVZLWKELSRODUGLVRUGHUDQGWKHLUDJHDQGVH[PDWFKHGKHDOWK\VXEMHFWV
SDUWLFLSDWHG LQ WKHVWXG\DIWHUJLYLQJ WKHLUZULWWHQ LQIRUPHGFRQVHQWV7KH
SDWLHQWVZHUHPLOGO\GHSUHVVHGDQGPHGLFDWHGZLWKDQWLGHSUHVVDQWVDQGRU
PRRGVWDELOL]HUVDWWKHWLPHRIWKHH[DPLQDWLRQ&KDQJHVRIR[\KHPRJORELQ
FRQFHQWUDWLRQ>R[\+E@ZHUHPRQLWRUHGHYHU\VGXULQJDZRUGÀXHQF\
WDVNDQGD¿QJHUWDSSLQJWDVNXVLQJWZRVHWVRIFKDQQHO1,56PDFKLQHV
+LWDFKL(7*ZLWKWKHSUREHVSODFHGRQWKHVXEMHFWV¶IURQWDODQGWKH
ELODWHUDOWHPSRUDOUHJLRQV
5HVXOWV7ZRSDWLHQWVJURXSVGHPRQVWUDWHGGLIIHUHQWSDWWHUQVRI >R[\+E@
FKDQJHV IURP WKRVH LQ WKH FRQWURO JURXSGXULQJ WKHZRUGÀXHQF\ WDVN DO
WKRXJK WKHLU WDVNSHUIRUPDQFHVZHUHHTXDO WKHXQLSRODUGHSUHVVLRQJURXS
ZDV FKDUDFWHUL]HG E\ VPDOOHU >R[\+E@ LQFUHDVH DQG WKH ELSRODU GHSUHV
VLRQ JURXS E\ FRPSDUDEOH EXW GHOD\HG >R[\+E@ LQFUHDVH 7KH >R[\+E@
LQFUHDVHVZHUHQRWFRUUHODWHGZLWKGHSUHVVLYHV\PSWRPVDVVHVVHGXVLQJWKH
+DPLOWRQ'HSUHVVLRQ6FDOHRUDQWLGHSUHVVDQWGRVDJHV
&RQFOXVLRQV 7KH REVHUYHG GLIIHUHQFHV RI >R[\+E@ FKDQJHV VXJJHVW WKH
GLIIHUHQWLDOFKDUDFWHULVWLFVRIUHDFWLYLW\RIIURQWDOOREHIXQFWLRQUHGXFHGDF
WLYDWLRQLQPDMRUGHSUHVVLYHGLVRUGHUDQGSUHVHUYHGEXWGHOD\HGDFWLYDWLRQLQ
DQGELSRODUGLVRUGHUUHVSHFWLYHO\1,56KDVUHYHDOHGGHWDLOHGWLPHFRXUVHV
RI IURQWDO OREH DFWLYDWLRQ DQG FDQ EH HPSOR\HG DV D FOLQLFDO PDUNHU IRU
GLDJQRVLVDQGWUHDWPHQWRIPRRGGLVRUGHUVLQWKHQHDUIXWXUH
5HIHUHQFHV
>@ ,WR0 HW DO LQ SUHVV ,QFUHDVHG DQG GHFUHDVHG FRUWLFDO UHDFWLYLWLHV LQ
QRYHOW\VHHNLQJDQGSHUVLVWHQFHDPXOWLFKDQQHOQHDULQIUDUHGVSHFWURVFRS\
VWXG\LQKHDOWK\VXEMHFWV1HXURSV\FKRELRORJ\
>@.DPH\DPD0HWDO6H[DQGDJHGHSHQGHQFLHVRIFHUHEUDOEORRG
YROXPH FKDQJHV GXULQJ FRJQLWLYH DFWLYDWLRQ DPXOWLFKDQQHO QHDULQIUDUHG
"2!).¬&5.#4)/.¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
VSHFWURVFRS\VWXG\1HXUR,PDJH
>@<DPDVXH+HWDOLQSUHVV8VLQJDGYDQFHGQHXURLPDJLQJWHFKQLTXHVWR
ZDUGXQGHUVWDQGLQJVFKL]RSKUHQLD,Q3URJUHVVLQ6FKL]RSKUHQLD5HVHDUFK
WHQWDWLYH1RYD6FLHQFH3XEOLVKHUV1HZ<RUN
>@6XWR7HWDO0XOWLFKDQQHOQHDULQIUDUHGVSHFWURVFRS\LQGHSUHV
VLRQDQGVFKL]RSKUHQLDFRJQLWLYHEUDLQDFWLYDWLRQVWXG\%LRO3V\FKLDWU\

&ROODERUDWRUV 0DNRWR ,WR 7RPRKLUR 6XWR 0DVDNL .DPH\DPD <XWDND
<DPDJLVKL7RVKLPDVD6DWR$NLKLNR2VKLPD
6
0LFURDUUD\$QDO\VLVRI/HXNRF\WH0UQD([SUHVVLRQLQ
'HSUHVVLRQ
7HWVXUR2KPRUL
8QLYHUVLW\RI7RNXVKLPD-DSDQ
6KXLFKL8HQR.\RNR0RULWD.D]XKLWR5RNXWDQ7LVKLUR6DLWR
2EMHFWLYHV 'HSUHVVLRQ LV RIWHQ PLVVHG RU XQGLDJQRVHG E\ SULPDU\ FDUH
SK\VLFLDQVDQGRWKHUPHGLFDOSURIHVVLRQV(VWDEOLVKPHQWRIFRQYHQLHQWDQG
UHOLDEOHELRORJLFDOPDUNHUVZRXOGJUHDWO\LPSURYHWKHUDWHRIWKHSUHFLVHGL
DJQRVLVDQGFRQVHTXHQWO\WKHZHOIDUHRIWKHSDWLHQWV:HKDYHEHHQH[SORU
LQJWRHVWDEOLVKDQHZELRORJLFDOPDUNHURIGHSUHVVLRQE\SUR¿OLQJP51$
H[SUHVVLRQIURPWKHOHXNRF\WHVRIWKHSDWLHQWV
0HWKRGV6XEMHFWVZHUHSDWLHQWVZLWK0DMRU'HSUHVVLYH'LVRUGHU'60
,9DJHIURPWRQRSV\FKLDWULFFRPRUELGLW\QRVHULRXVVRPDWLFGLV
HDVHVDQGQRXVHRIDQWLGHSUHVVDQWV+DPLOWRQ5DWLQJ6FDOHIRU'HSUHVVLRQ
+$0'DQG&OLQLFDO*OREDO,PSUHVVLRQ6FDOH&*,ZHUHXVHGIRUFOLQLFDO
HYDOXDWLRQ3HULSKHUDOEORRGZDVFROOHFWHGEHIRUHDQGDIWHUWKHWUHDWPHQW$Q
RULJLQDO'1$PLFURDUUD\ZDVXVHGWRPHDVXUHP51$H[SUHVVLRQVRI
JHQHV UHODWHG WR QHXURWUDQVPLWWHUV KRUPRQHV F\WRNLQHV KHDW VKRFN SUR
WHLQVDQGRWKHUVWUHVVDVVRFLDWHGVLJQDOV([SUHVVLRQOHYHOVZHUHFRPSDUHG
ZLWKWKRVHRIVH[DQGDJHPDWFKHGKHDOWK\YROXQWHHUV
5HVXOWV7KHPLFURDUD\DQDO\VLVUHYHDOHGWKDWH[SUHVVLRQRIDGR]HQRIJHQHV
VKRZHGVLJQL¿FDQWFKDQJHVLQWKHWRWDOJURXSRIWKHSDWLHQWVFRPSDUHGZLWK
FRQWUROV,QDGGLWLRQWRWKHVHJHQHVWKHUHZHUHGR]HQVRIJHQHVVLJQL¿FDQWO\
DOWHUHG LQDKDOIRI WKHSDWLHQWVFRPSDUHGZLWKFRQWUROV WKXVGLYLGLQJ WKH
SDWLHQWVLQWRWZRJURXSVDOWKRXJKQRV\PSWRPDWLFRUGHPRJUDSKLFYDULDEOHV
FRXOGDFFRXQWIRUWKHGLVWLQFWLRQ6RPHRIWKHDOWHUHGJHQHVEHIRUHWUHDWPHQW
VLJQL¿FDQWO\FKDQJHGWRZDUGWKHUHYHUVHGLUHFWLRQDIWHUWUHDWPHQW
&RQFOXVLRQV 7KLV VWXG\ UHYHDOHG VHWV RI JHQH H[SUHVVLRQV WKDW FRXOG
GLVWLQJXLVK GHSUHVVHG SDWLHQWV IURP FRQWUROV DV ZHOO DV WKRVH FOXVWHULQJ
WKH SDWLHQWV LQWR WZR JURXSV 7KHVH DOWHUDWLRQVZHUH GLIIHUHQW IURP WKRVH
REVHUYHG LQ YROXQWHHUV DIWHU VWUHVV RU WKRVH LQ SUHOLPLQDU\ VDPSOHV RI
SDWLHQWVZLWK VFKL]RSKUHQLD0HFKDQLVPVRI WKHDOWHUDWLRQ UHPDLQXQFOHDU
1HXURWUDQVPLWWHU HQGRFULQRORJLFDO DQG LPPXQRORJLFDO DEQRUPDOLWLHV DUH
WKRXJKW WR KDYH FRQWULEXWHG WR WKH DOWHUDWLRQ RI WKH H[SUHVVLRQ 6RPH RI
WKHDOWHUDWLRQPD\GLUHFWO\UHÀHFWLQWUDFHOOXODUDEQRUPDOLWLHVRIGHSUHVVLRQ
WKDWPLJKWEHSUHVHQWLQWKHOHXNRF\WHV7KHPLFURDUUD\PHWKRGKDVDJUHDW
DGYDQWDJHRYHUSHUYLRXVELRORJLFDOPDUNHUV LQ WKDW LWFDQXWLOL]HKXQGUHGV
RISDUDPHWHUV IURPD VPDOODPRXQWRISHULSKHUDOEORRGFHOOV7KHSUHVHQW
VWXG\KDVRSHQHGDQRYHODQGSURPLVLQJKRUL]RQLQWKHVHDUFKRIDELRORJLFDO
PDUNHURIGHSUHVVLRQ
6
&5)DQG7KH3DWKRJHQHVLVRI'HSUHVVLRQ
7UHDWPHQW,PSOLFDWLRQV
&KDUOHV1HPHURII
(PRU\8QLYHUVLW\6FKRRORI0HGLFLQH86$
$ YDULHW\ RI H[SHULPHQWDO DSSURDFKHV UDQJLQJ IURP QHXURHQGRFULQH SUR
YRFDWLYH WHVWV WRFHUHEURVSLQDOÀXLG&6)DQGSRVWPRUWHPWLVVXHVWXGLHV
VXSSRUWWKHK\SRWKHVLVWKDW&5)FRQWDLQLQJQHXURQVLQWKH&16DUHK\SHUDF
WLYHLQSDWLHQWVZLWKGHSUHVVLRQ,QEULHIDVXEVWDQWLDOSHUFHQWDJHRIGUXJ
IUHHGHSUHVVHGSDWLHQWVH[KLELW+3$D[LVK\SHUDFWLYLW\ĹFRUWLVROVHFUHWLRQ
UHVLVWDQFH WR GH[DPHWKDVRQH VXSSUHVVLRQ Ļ$&7+ UHVSRQVH WR &5) ,Q
DGGLWLRQGHSUHVVHGSDWLHQWVH[KLELWDQLQFUHDVHLQ&6)&5)FRQFHQWUDWLRQV
ZKLFKQRUPDOL]HDIWHUFOLQLFDOLPSURYHPHQWDVVRFLDWHGZLWKWUHDWPHQWZLWK
DQWLGHSUHVVDQWVRU(&7,QDGGLWLRQSRVWPRUWHPEUDLQWLVVXHVWXGLHVKDYH
SURYLGHGHYLGHQFHRI&5)FLUFXLWK\SHUDFWLYLW\LQGHSUHVVLRQ7KHVHLQFOXGH
LQFUHDVHV LQ K\SRWKDODPLF &5) P51$ H[SUHVVLRQ DQG LQFUHDVHG &5)
FRQFHQWUDWLRQVDQGDUHGXFWLRQLQ&5)UHFHSWRUELQGLQJDQG&5)P51$
H[SUHVVLRQ LQ WKH FHUHEUDO FRUWH[ RI GHSUHVVHG VXLFLGH YLFWLPV0RUHRYHU
WUHDWPHQWVWKDWSUHFLSLWDWHGHSUHVVLRQVXFKDVWU\SWRSKDQGHSOHWLRQLQFUHDVH
&6) &5) FRQFHQWUDWLRQV 7KHVH GDWD WDNHQ WRJHWKHU ZLWK WKH UHVXOWV RI
SUHFOLQLFDOVWXGLHVGHPRQVWUDWLQJGHSUHVVRJHQLFHIIHFWVRI&5)DIWHUGLUHFW
&16 LQMHFWLRQ ĻDSSHWLWH ĻVOHHS ĹDQ[LHW\ VXSSRUW WKH K\SRWKHVLV WKDW
&5)K\SHUVHFUHWLRQFRQWULEXWHVWRWKHSDWKRSK\VLRORJ\RIPRRGGLVRUGHUV
&RQVHTXHQWO\ &5) UHFHSWRU DQWDJRQLVWV KDYH EHHQ GHYHORSHG DV QRYHO
DQWLGHSUHVVDQWVDQGDQ[LRO\WLFV7KHFXUUHQWVWDWXVRIWKHVHFRPSRXQGVZLOO
EHGHVFULEHG
6
3RO\PRUSKLVPVLQWKH'UXJ7UDQVSRUWHU*HQH$%&%3UHGLFW
$QWLGHSUHVVDQW7UHDWPHQW5HVSRQVH
0DQIUHG8KU
0D[3ODQFN,QVWLWXWHRI3V\FKLDWU\*HUPDQ\
2EMHFWLYHV 7KH FOLQLFDO HI¿FDF\ RI GUXJV WDUJHWLQJ WKH FHQWUDO QHUYRXV
V\VWHPFULWLFDOO\GHSHQGVRQWKHFRPSRXQGV¶DELOLW\WRSDVVWKHEORRGEUDLQ
EDUULHUZKLFKLVUHJXODWHGE\DFWLYHWUDQVSRUWHUPROHFXOHVVXFKDV$%&%
0'53JO\FRSURWHLQ 3JS2QHRI WKH UHDVRQV IRU DQRQO\SDUWLDO UH
VSRQVH RU UHIUDFWRULQHVV LV DQ LQVXI¿FLHQW LQWUDFHUHEUDO FRQFHQWUDWLRQ:H
K\SRWKHVL]HG WKDW JHQHWLF YDULDELOLW\ LQ$%&% LQÀXHQFH WKH UHVSRQVH WR
GUXJV ZLWK FHQWUDO QHUYRXV V\VWHP &16 DFWLRQV LQFOXGLQJ WKH FOLQLFDO
UHVSRQVHWRDQWLGHSUHVVDQWV
0HWKRGV:HXVHGWUDQVJHQLFPLFHODFNLQJWKHWZRKRPRORJXHVRIWKHKX
PDQ$%&%GUXJWUDQVSRUWHUJHQHDEFEDDQGDEFEEWRDVVHVVZKHWKHU
DQWLGHSUHVVDQWVZHUH VXEVWUDWHV RI 3JS IROORZLQJ VXEFKURQLF DGPLQLVWUD
WLRQ:H WKDQ JHQRW\SHG  VLQJOH QXFOHRWLGH SRO\PRUSKLVPV 613V LQ
$%&%LQGHSUHVVHGLQSDWLHQWVWUHDWHGZLWKDQWLGHSUHVVDQWVDQGWHVWHG
IRUDVVRFLDWLRQVZLWKWUHDWPHQWUHVSRQVH
5HVXOWV7KHDQLPDOH[SHULPHQWVVKRZHG WKDW WKH LQWUDFHUHEUDOFRQFHQWUD
WLRQVRIVRPHEXWQRWDOODQWLGHSUHVVDQWVZHUHUHJXODWHGE\3JO\FRSURWHLQ
,Q WKH KXPDQJHQHWLFV VWXGLHV WKHUHZDV DQ DVVRFLDWLRQ RI$%&%613V
ZLWK UHPLVVLRQ VWDWXV DIWHU  ZHHNV RI DQWLGHSUHVVDQW WUHDWPHQW 7KLV
DVVRFLDWLRQ ZDV SUHVHQW LQ SDWLHQWV WUHDWHG ZLWK DQWLGHSUHVVDQWV WKDW DUH
VXEVWUDWHVRI3JSEXWQRWLQSDWLHQWVWUHDWHGZLWKDQWLGHSUHVVDQWVWKDWDUH
QRWVXEVWUDWHVRI3JS
&RQFOXVLRQV 2XU ¿QGLQJV LQGLFDWH WKDW SRO\PRUSKLVPV LQ$%&% LQÀX
HQFHLQWUDFHUHEUDOFRQFHQWUDWLRQVRIDQWLGHSUHVVDQWVDQGE\WKDWUHVSRQVHWR
WUHDWPHQW*HQRW\SLQJ$%&%SRO\PRUSKLVPVPD\ WKXVKHOS WRRSWLPL]H
DQWLGHSUHVVDQW WUHDWPHQW7KHVH LPSOLFDWLRQV DUH OLNHO\ WR H[WHQG WR RWKHU
FODVVHVRI&16GUXJV
6
1RYHO%UDLQ6WLPXODWLRQ7KHUDSLHV+RZ&ORVHWR
&OLQLFDO$SSOLFDELOLW\"
6
706LQWKH7KHUDS\RI'HSUHVVLRQ5HSODFHPHQWIRU(&7"
7RP*%ROZLJ
'HQPDUN
(&7LVKLJKO\HI¿FDFLRXVLQWKHWKHUDS\RIVHYHUHPDMRUGHSUHVVLRQ$UHFHQW
PHWDDQDO\VLVGRFXPHQWVWKDW(&7LVEHWWHUWKDQGUXJWKHUDS\DQGWKDWELODW
HUDOHOHFWURGHSODFHPHQWLVEHWWHUWKDQXQLODWHUDODQGWKDWKLJKGRVH(&7LV
EHWWHUWKDQORZGRVH
,Q VSLWHRI WKHVH¿QGLQJVZKLFKDUHZHOONQRZQ WR H[SHULHQFHGFOLQLFLDQV
DODUJHQXPEHURIHIIRUWVWR¿QGQHZWHFKQLTXHVIRUEUDLQVWLPXODWLRQKDYH
EHHQPDGH GXULQJ WKH ODVW WZR GHFDGHV (VSHFLDOO\ UHSHWLWLYH WUDQVFUDQLDO
PDJQHWLFVWLPXODWLRQU706KDVEHHQVWXGLHG$VWURQJPRWLYDWLRQIRUWKH
SHUVXLW RI DOWHUQDWLYHV WR(&7XQGRXEWHO\ KDV EHHQ GLI¿FXOWLHV DVVRFLDWHG
ZLWK(&7)LUVWO\(&7KDVVLGHHIIHFWVRQPHPRU\IXQFWLRQVDQG(&7GH
PDQGVIXOODQDHVWHVLD)XUWKHUDQGSUREDEO\KLJKO\LPSRUWDQWLVWKHIDFWWKDW
(&7LQPDQ\FRXQWULHVKDVDEDGUHSXWDWLRQ:LWKU706LWLVDWWHPSWHGWR
LQGXFHPRUHWDUJHWHGFKDQJHVLQEUDLQFLUFXLWVLQDZD\WKDWGRHVQRWGHPDQG
DQDHVWHVLDDQGLVQRWIROORZHGE\PHPRU\LPSDLUPHQW
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
(I¿FDF\RI706DQG(&6(&7KDVDQXQVXUSDVVHGKLJKGHJUHHRIHIIHFWLYH
QHVVHVSHFLDOO\ LQHOGHUO\SDWLHQWV DQGSDWLHQWVZLWKSV\FKRWLFGHSUHVVLRQ
7KXVWKH&25(JURXSLQDFDUHIXOSURVSHFWLYHWULDOXVLQJDQHDVLO\UHSOLFD
EOHWUHDWPHQWUHJLPHQVKRZHGDUHVSRQVHUDWHRILQSDWLHQWVH[SHULHQF
LQJDSV\FKRWLFGHSUHVVLRQIRUQRQSV\FKRWLFGHSUHVVLRQ
5HJDUGLQJU706WKHDQWLGHSUHVVDQWHIIHFWRIU706LQUHFHQWPHWDDQDO\VLV
VKRZVVXSHULRULW\WRVKDPVWLPXODWLRQ7KUHHVWXGLHVFRPSDULQJU706DQG
(&7 IRXQG WKH WZR WUHDWPHQWPRGDOLWLHV HTXDOO\ HIIHFWLYH \HW RQHRI WKH
UHVHDUFK JURXSV¿QG VXSHULRULW\ RI(&7 LQ SV\FKRWLF GHSUHVVLRQ&OLQLFDO
VWXGLHVRIWKHHI¿FDF\RIU706VKRZDKLJKGHJUHHRIGLVFUHSDQF\SUREDEO\
GXHWRWKHYDULHW\RIWUHDWPHQWSDUDPHWHUVWKDWFDQEHODUJHO\PRGL¿HGDQG
RSWLPLVDWLRQRIWUHDWPHQWSDUDPHWHUVLVFRQWLQXRXVO\XQGHUVWXG\
$UHFHQWUHYLHZFRQFOXGHVWKDWGH¿QLWHWKHUDSHXWLFHIIHFWVRIFOLQLFDOVLJQL¿
FDQFHVWLOOUHPDLQWREHGHPRQVWUDWHG
6LPLODULWLHVDQGGLIIHUHQFHVLQQHXURELRORJ\
$ODUJHQXPEHURIVWXGLHVSDUWLFXODUO\LQURGHQVVKRZVLPLODULWLHVUHJDUGLQJ
HOHFWURFRQYXOVLYHVWLPXODWLRQDQG7067KLVFRQFHUQVERWKEHKDYLRXUDQG
FKDQJHV LQ QHXURWUDQVPLWWHU DQG QHXURPRGXODWRU V\VWHPV$PDMRU GLIIHU
HQFHEHWZHHQ706DQG(&6LVWKHLQÀXHQFHRQWKHKLSSRFDPSDOFRPSOH[
(VSHFLDOO\WKHHIIHFWVRQLPPHGLDWHHDUO\JHQHVQHXURJHQHVLVDQGKLSSRF
DPSDO FHOO VSURXWLQJ DUH SURPLQHQWZKHQ VHL]XUHV DUH LQGXFHG EXW DEVHQW
ZLWK706
&RQFOXVLRQV:KLOHU706VHHPVWRZRUNLQVRPHSDWLHQWVZLWKGUXJUHVLVW
DQWPDMRUGHSUHVVLRQLWFDQVWLOOQRWEHFRQVLGHUHGDVHIIHFWLYHDV(&7
7KHFDUHIXODYRLGDQFHRIVHL]XUHLQGXFWLRQZKHQXVLQJU706DVVXJJHVWHG
LQ7KH,QWHUQDWLRQDO6RFLHW\IRU7UDQVFUDQLDO6WLPXODWLRQ&RQVHQVXV6WDWH
PHQW PLJKW H[SODLQ ZHDNHU HYLGHQFH IRU HI¿FDF\ LQ VRPH VWXGLHV ,W LV
VXJJHVWHG WKH PDLQ GLIIHUHQFH EHWZHHQ U706 DQG (&7 LV WKH LQGXFWLRQ
RIVHL]XUHV)XUWKHUVWXGLHVRIGLIIHUHQWVWLPXODWLRQWHFKQLTXHVLQU706LQ
RUGHUWRFRPSHWHZLWKWKHODFNRIVHL]XUHVDUHZDUUDQWHG
6
3UHIURQWDOU706LQ'HSUHVVLRQ±+RZWRXVHD1RYHO0RGHRI
$FWLRQ"
)UDQN3DGEHUJ
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\RI0XQLFK*HUPDQ\
2OLYHU3RJDUHOO1LFROD*URVVKHLQULFK3HWHU=ZDQ]JHU
+DQV-UJHQ0|OOHU
,QDGGLWLRQWRLWVSRVLWLRQDVDQH[SHULPHQWDOUHVHDUFKWRROLQQHXURVFLHQFH
U706KDVHVWDEOLVKHGLWVSODFHDPRQJSRVVLEOHQRQSKDUPDFRORJLFDOWUHDW
PHQWVIRUPDMRUGHSUHVVLRQ$VVXSSRUWHGE\QHXURLPDJLQJGDWDORQJWHUP
SUHIURQWDO U706PRGXODWHV QHXURQDO FLUFXLWV LQYROYHG LQ WKH SDWKRSK\VL
RORJ\ RI GHSUHVVLYH GLVRUGHUV 3UHFOLQLFDO DQG ¿UVW FOLQLFDO VWXGLHV KDYH
VKRZQGRSDPLQHUJLF3RJDUHOOHWDOHIIHFWVRIU706DPRQJRWKHUV
KRZHYHULWVQHXURELRORJLFDODFWLRQVDUHQRWFRPSOHWHO\XQGHUVWRRG$VVXJ
JHVWHGE\DODUJHERG\RISUHFOLQLFDOGDWDU706FRQVWLWXWHVDQRYHOW\SHRI
LQWHUYHQWLRQGLIIHULQJIURPRWKHUDQWLGHSUHVVDQWDSSURDFKHVLQFOXGLQJRWKHU
EUDLQVWLPXODWLRQWKHUDSLHV7RGDWHQXPHURXVRSHQDQGFRQWUROOHGFOLQLFDO
WUHDWPHQWWULDOVZLWKZLGHO\GLIIHULQJVWLPXODWLRQSDUDPHWHUVKDYHH[SORUHG
WKH DQWLGHSUHVVDQW SRWHQWLDO RI U706 3DGEHUJ HW DO 7KRXJK FRQ
GXFWHGZLWKVPDOOVDPSOHVL]HVDPDMRULW\RIFRQWUROOHGWULDOVGHPRQVWUDWHG
VLJQL¿FDQWDQWLGHSUHVVDQWHIIHFWVRIU706FRPSDUHGWRSODFHERWUHDWPHQW
(IIHFWVL]HVLQWKHVHWULDOVYDULHGIURPPRGHVWWRVXEVWDQWLDODQGWKHSDWLHQW
VHOHFWLRQKDVRIWHQIRFXVHGRQWKHUDS\UHVLVWDQWGHSUHVVLRQ0RUHRYHU WKH
DYHUDJHWUHDWPHQWGXUDWLRQZDVDERXWWZRZHHNVZKLFKLVVXUSULVLQJO\VKRUW
FRPSDUHG WR QRUPDO DQWLGHSUHVVDQW WUHDWPHQW SURWRFROV /DUJHU SODFHER
FRQWUROOHG FOLQLFDO WULDOV LQYHVWLJDWLQJ ORQJHU WUHDWPHQW SHULRGVZKLFK DUH
ZDQWHG WR GHPRQVWUDWH WKH DQWLGHSUHVVDQW HI¿FDF\ RI U706 DUH FXUUHQWO\
XQGHUZD\
$IXWXUHFOLQLFDODSSOLFDWLRQRIU706PD\EHWKHWUHDWPHQWRISDWLHQWVZKR
GLGQRWWROHUDWHDQWLGHSUHVVDQWGUXJVRUGLGQRWVXI¿FLHQWO\UHVSRQGWRDQWL
GHSUHVVDQW SKDUPDFRWKHUDS\SV\FKRWKHUDS\ SULRU WRPRUH LQYDVLYHPHDQV
DV HOHFWURFRQYXOVLYH WKHUDS\ DQG YDJXV QHUYH VWLPXODWLRQ 7KHRUHWLFDOO\
U706PD\EHDOVRDSSOLHGHDUO\LQWKHFRXUVHRIGLVHDVHLQRUGHUWRDFFHOHU
DWHDQGLQFUHDVHWKHDQWLGHSUHVVDQWDFWLRQRISKDUPDFRWKHUDS\7KLVDSSOLFD
WLRQKDVUHFHQWO\EHHQLQYHVWLJDWHGLQSLORWVWXGLHV%HVLGHWKHLQYHVWLJDWLRQ
RIHI¿FDF\DQGHIIHFWLYHQHVVHIIRUWVVKRXOGEHLQWHQVL¿HGWRH[SORUHVSHFL¿F
LQGLFDWLRQVLQGHSUHVVLYHGLVRUGHUVLQRUGHUWRFORVHWKHUDSHXWLFJDSV
7KLVZRUNLVVXSSRUWHGE\WKH*HUPDQ0LQLVWU\IRU(GXFDWLRQDQG5HVHDUFK
ZLWKLQ WKH SURPRWLRQDO HPSKDVLV ´*HUPDQ5HVHDUFK1HWZRUN RQ'HSUHV
VLRQ´6XESURMHFW)3DQGE\WKH*HUPDQ5HVHDUFK)RXQGDWLRQ')*
3$
5HIHUHQFHV
3DGEHUJ)*ROGVWHLQ0OOHU%=ZDQ]JHU30|OOHU+- 3UHIURQWDO
FRUWH[VWLPXODWLRQDVDQWLGHSUHVVDQWWUHDWPHQW0RGHRIDFWLRQDQGFOLQLFDO
HIIHFWLYHQHVVRIU7066XSSO&OLQ1HXURSK\VLRO
3RJDUHOO2(OOD57DWVFK..RFK:3RHSSHUO* -DNRE)%DJKDL7&
0XOHUW & 5XSSUHFKW 50|OOHU +- +HJHUO 8 3DGEHUJ )  1HXUR
ELRORJLFDOHIIHFWVRISUHIURQWDOU706LQPDMRUGHSUHVVLRQ$>,@,%=0
63(&7 VWXG\ RI GRSDPLQHUJLF QHXURWUDQVPLVVLRQ %LRO 3V\FKLDWU\ 
6XSSO66
6
1R$EVWUDFW5HFHLYHG
$&RQFD
$XVWULD
6
9DJXV1HUYH6WLPXODWLRQ±7KH6XEWOH:D\RI6WLPXODWLQJWKH
%UDLQLQWR5HFRYHU\"
0DOHN%DMERXM
'HSDUWPHQWRI3V\FKLDWU\&KDULWp±8QLYHUVLW\0HGLFLQH%HUOLQ
&DPSXV%HQMDPLQ)UDQNOLQ%HUOLQ*HUPDQ\
2EMHFWLYHV9DJXVQHUYHVWLPXODWLRQ916WKHUDS\LVGHOLYHUHGZLWKDGH
YLFHDSSURYHGE\WKH86)RRGDQG'UXJ$GPLQLVWUDWLRQ)'$IRUWUHDWLQJ
SKDUPDFRUHVLVWDQW SDUWLDO RQVHW VHL]XUHV9DJXV QHUYH VWLPXODWLRQ WKHUDS\
KDV DOVR UHFHQWO\ VKRZQ DQWLGHSUHVVDQW HIIHFWV LQ SDWLHQWVZLWK WUHDWPHQW
UHVLVWDQWGHSUHVVLRQ+RZHYHUTXHVWLRQVUHPDLQUHJDUGLQJHIIHFWLYHQHVVDQG
H[DFWDQWLGHSUHVVDQWPRGHRIDFWLRQ
0HWKRGV ,Q WKLV FRPPXQLFDWLRQ ZH ZLOO SUHVHQW D VKRUW RYHUYLHZ RQ
WKH DFXWH DQG ORQJWHUP HIIHFWLYHQHVV DQG DGYHUVH HYHQWV RI YDJXV QHUYH
VWLPXODWLRQ DQG ZLOO GLVFXVV WKH PDMRU VWXGLHV VXSSRUWLQJ LWV HIIHFWV LQ
SDWLHQWVZLWKPDMRUGHSUHVVLRQ)LQDOO\ZHZLOOSUHVHQWGDWDIURPDVWXG\
LQYHVWLJDWLQJ PRWRU FRUWH[ H[FLWDELOLW\ LQ GHSUHVVLYH SDWLHQWV DIWHU YDJXV
QHUYHVWLPXODWLRQ
5HVXOWV9DJXVQHUYHVWLPXODWLRQLVDQRYHO WUHDWPHQWIRUPIRUGHSUHVVLYH
SDWLHQWVZLWK D GLIIHUHQWPRGH RI DFWLRQ2XU GDWD VXJJHVW WKDW ORQJ WHUP
916PD\OHDGWRDQLQFUHDVHRIFRUWLFDOLQKLELWLRQ
&RQFOXVLRQV7KHVHGDWDVXJJHVW WKDW LQKLELWRU\SDWKZD\VDUH LQYROYHG LQ
WKHPRGHRIDFWLRQRIYDJXVQHUYH LQKLELWLRQ+RZHYHU IXUWKHU LQYHVWLJD
WLRQVDUHQHHGHGWRFODULI\DFXWHDQGORQJWHUPHIIHFWLYHQHVVRIYDJXVQHUYH
VWLPXODWLRQ
6
3DUDGLJP&KDQJHLQWKH6HURWRQHUJLF6\VWHP
6
5ROHRIWKH+7$5UHFHSWRULQ0HQWDO'LVRUGHUV
-UJHQ'HFNHUW
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\RI0QVWHU*HUPDQ\
6HURWRQLQLVRQHRIWKHSLYRWDOQHXURWUDQVPLWWHUIRUPHQWDOGLVRUGHUV,WVHI
IHFWVDUHPHGLDWHGYLDVHURWRQLQUHFHSWRUVRQHRIZKLFKLVWKHVHURWRQLQ$
UHFHSWRU+7$7KH+7$UHFHSWRUKDVEHHQVWXGLHGQRZIRUDERXW
\HDUVXVLQJGLIIHUHQWSDUDGLJPVDQGPHWKRGRORJLFDODSSURDFKHV
6HOHFWLYH+7$DJRQLVWV LQGLFDWHGD UROH IRU WKH+7$ UHFHSWRU LQ WKH
SDWKRSK\VLRORJ\RIDQ[LHW\GLVRUGHUVRQWKHEDVLVRIDQLPDODVZHOODVKX
PDQ VWXGLHV 3(7 VWXGLHV SRLQWHG WR D GRZQUHJXODWLRQ RI WKH UHFHSWRU LQ
SDQLF GLVRUGHU 7KH +7$ NQRFNRXWPRXVH VXEVHTXHQWO\ ZDV VKRZQ WR
EHPRUH DQ[LRXV WKDQ LWV ZLOGW\SH FRXQWHUSDUW$XWRSV\ VWXGLHV SURYLGHG
HYLGHQFH IRUD UROHRI IURQWDO+7$ UHFHSWRUV LQ WKHSDWKRSK\VLRORJ\RI
VFKL]RSKUHQLD DQG VHYHUDO RI WKH QHZO\ GHYHORSHG DW\SLFDO DQWLSV\FKRWLFV
GLVSOD\DPDUNHGDI¿QLW\IRU+7$UHFHSWRUV
"2!).¬&5.#4)/.¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
7KH KXPDQ +7$ UHFHSWRU JHQH ZDV FKDUDFWHUL]HG 6HYHUDO SRO\PRU
SKLVPV KDYH EHHQ GHVFULEHG2QH RI WKHP LQ WKH SURPRWRU UHJLRQ RI WKH
JHQHZDVVKRZQ WREH IXQFWLRQDOO\ UHOHYDQW$VVRFLDWLRQVWXGLHV UHYHDOHG
WKDWWKLVIXQFWLRQDOSRO\PRUSKLVPPD\EHDVXVFHSWLELOLW\YDULDQWIRUVHYHUDO
PHQWDOGLVRUGHUVHJSDQLFGLVRUGHUDQGGHSUHVVLRQ7KLVPD\EHH[SODLQHG
E\WKHREVHUYDWLRQWKDWWKLVSRO\PRUSKLVPFRGHWHUPLQHVWKHSHUVRQDOLW\WUDLW
KDUPDYRLGDQFH3RVVLEO\ LWPRGXODWHVSHUVRQDOLW\IHDWXUHV LQVXFKDZD\
WKDWLWLVDYXOQHUDELOLW\IDFWRUIRUVHYHUDOPHQWDOGLVRUGHUV0RUHUHFHQWO\
DOVRDQDVVRFLDWLRQZLWKVFKL]RSKUHQLDZDVUHSRUWHG7KLVLVFRQVLVWHQWZLWK
REVHUYDWLRQVWKDWVHURWRQLQYLDWKH+7$PRGXODWHV6EZKLFKLQORZ
FRQFHQWUDWLRQV LVVXSSRVHG WREHDQHXURSURWHFWLYHDQG LQKLJKFRQFHQWUD
WLRQVWREHDQHXURWR[LFVXEVWDQFH6EOHYHOVKDYHEHHQIRXQGLQFUHDVHG
LQERWKVFKL]RSKUHQLDDQGPHODQFKROLFGHSUHVVLRQ
2EYLRXVO\ WKH +7$ UHFHSWRU LV LQYROYHG LQ VHYHUDO PHQWDO GLVRUGHUV
)XWXUHVWXGLHVZLOOKDYHWRVKRZLI WKLV LVIRXQGHGLQRQHFRPPRQSDWKR
PHFKDQLVPHJ6EPHGLDWHGQHXURSODVWLFLW\
5HIHUHQFHV
5RWKH& HW DO$VVRFLDWLRQ RI WKH IXQFWLRQDO ±&!*+7$ UHFHSWRU
JHQH SRO\PRUSKLVP ZLWK SDQLF GLVRUGHU ZLWK DJRUDSKRELD ,QWHUQDWLRQDO
-RXUQDORI1HXURSV\FKRSKDUPDFRORJ\
6WUREHO$ HW DO$OOHOLF YDULDWLRQ RI VHURWRQLQ UHFHSWRU $ IXQFWLRQ LV DV
VRFLDWHGZLWKDQ[LHW\DQGGHSUHVVLRQUHODWHG WUDLWV -1HXUDO7UDQVP

5RWKHUPXQGW HW DO 6% VHUXP OHYHOV DQG ORQJWHUP LPSURYHPHQW RI
QHJDWLYHV\PSWRPVLQSDWLHQWVZLWKVFKL]RSKUHQLD1HXURSV\FKRSKDUPDFRO

6
1HZ6HURWRQLQ7UDQVSRUWHUVLQWKH&167KH2UJDQLF&DWLRQ
7UDQVSRUWHUV
5DLQDOG0|VVQHU
8QLYHUVLW\RI:U]EXUJ*HUPDQ\
7KH KLJKDI¿QLW\ VHURWRQLQ WUDQVSRUWHU +77 UHJXODWHV VHURWRQHUJLF
QHXURWUDQVPLVVLRQE\PHGLDWLQJWKHUHXSWDNHRIVHURWRQLQIURPWKHV\QDSWLF
FOHIW$ JURXS RI RWKHU WUDQVSRUWHUV DOVRPHGLDWH ORZDI¿QLW\ WUDQVSRUW RI
VHURWRQLQ7KHVH WUDQVSRUWHUV WKH RUJDQLF FDWLRQ WUDQVSRUWHUV 2&7V DUH
H[SUHVVHGLQEUDLQDQGWUDQVSRUWDZLGHUDQJHRIRUJDQLFFDWLRQVDSDUWIURP
VHURWRQLQ2&7VPD\SDUWLFLSDWHLQWKHFOHDUDQFHRILQFUHDVHGH[WUDFHOOXODU
VHURWRQLQIRUH[DPSOHZKHQWKH+77LVEORFNHGE\DQWLGHSUHVVDQWGUXJV
0RUHRYHUWKH2&7VDUHDOVRLQYROYHGLQWKHWUDQVSRUWRIWKHUDSHXWLFGUXJV
LQWR OLYHU DQG NLGQH\ IRUPHWDEROLVP DQG H[FUHWLRQ RI WKH GUXJV )LQDOO\
SRO\PRUSKLFJHQHWLFYDULDQWVRI2&7VWKDWVHYHUHO\DIIHFWWUDQVSRUWDFWLYLW\
PD\ LQÀXHQFH WKHGLIIHUHQWLDO UHVSRQVHDQGVHQVLWLYLW\RISDWLHQWV WR WKHVH
GUXJV
6
,QWHUSOD\RI6HURWRQLQDQG1HXURSHSWLGHV
$QJHOLND6FKPLWW
&OLQLFDODQG0ROHFXODU3V\FKRELRORJ\'HSDUWPHQWRI3V\FKLDWU\
DQG3V\FKRWKHUDS\8QLYHUVLW\RI:U]EXUJ:U]EXUJ*HUPDQ\
6HYHUDO OLQHVRI HYLGHQFH LPSOLFDWH VHURWRQLQ +7 LQSV\FKLDWULFGLVRU
GHUV6HURWRQHUJLFQHXURQVWKDWRULJLQDWHLQWKHGRUVDOUDSKHQXFOHXV'5
LQQHUYDWH WKH FRUWH[ DQG WKH OLPELF V\VWHP HVSHFLDOO\ WKH KLSSRFDPSXV
DQG WKH DP\JGDOD DQG WKURXJK WKHVH SURMHFWLRQV DUH WKRXJKW WR UHJXODWH
FRJQLWLRQ DQG EHKDYLRU &OLQLFDO DQG SKDUPDFRORJLFDO ¿QGLQJV LPSOLFDWH
G\VIXQFWLRQVRIWKHVHURWRQHUJLFV\VWHPLQDQ[LHW\GHSUHVVLRQDQGVXLFLGH
$OWKRXJK WKH'5 LV RIWHQ FRQVLGHUHG LQ OLJKW RI LWV +7QHXURQV UHFHQW
VWXGLHV XQGHUVFRUH WKH FRPSOH[LW\ RI WKLV QXFOHXV DQG LWV KHWHURJHQHRXV
QDWXUH2ISDUWLFXODU LQWHUHVWDUHQHXURSHSWLGHVWKDWDUHHLWKHUFRORFDOL]HG
ZLWKVHURWRQLQLQWKH'5LQQHUYDWHVHURWRQHUJLFQHXURQVRUDFWXSRQORFDO
FLUFXLWU\ZLWKLQWKH'5WRLQGLUHFWO\LPSDFWRQWKLV+7V\VWHP7KHVHSHS
WLGHVDUHSRVLWLRQHGWR¿QHWXQHWKHDFWLYLW\RIVHOHFWLYHJURXSVRIVHURWRQHU
JLFQHXURQVZLWKLQWKH'5DQGPD\WKXVLQÀXHQFH+7UHOHDVHLQGLIIHUHQW
WHUPLQDO¿HOGV6HYHUDOVWXGLHVKDYHIRFXVVHGRQWKHLQWHUDFWLRQRI+7DQG
FRUWLFRWURSLQUHOHDVLQJIDFWRU&5)&5)FRRUGLQDWHVWKHQHXURHQGRFULQH
DXWRQRPLF EHKDYLRUDO DQG LPPXQH UHVSRQVHV WR VWUHVV DQG DOVR DFWV DV D
QHXURWUDQVPLWWHURUQHXURPRGXODWRULQWKHDP\JGDOD'5KLSSRFDPSXVDQG
ORFXV FRHUXOHXV WR LQWHJUDWH EUDLQPXOWLV\VWHP UHVSRQVHV WR VWUHVV0LFH
GH¿FLHQWLQHLWKHU&5)UHFHSWRU&5)5RU&5)5GHPRQVWUDWHWKHFULWL
FDOUROHWKHVHUHFHSWRUVSOD\&5)NQRFNRXWPLFHKDYHDQLPSDLUHGVWUHVV
UHVSRQVH DQG GLVSOD\ GHFUHDVHG DQ[LHW\OLNH EHKDYLRU ZKHUHDV &5)5
PXWDQWPLFHDUHK\SHUVHQVLWLYHWRVWUHVVDQGGLVSOD\LQFUHDVHGDQ[LHW\OLNH
EHKDYLRU0RUHRYHUVHURWRQLQWUDQVSRUWHU+77GH¿FLHQWPLFHUHSUHVHQW
DPRGHOV\VWHPWRLQYHVWLJDWHWKHLQWHUSOD\RI+7DQG&5)7KHVHPLFH
UHSUHVHQWDQDUWL¿FLDOO\K\SHUVHURWRQHUJLFHQYLURQPHQWVLQFH+7UHOHDVHG
LQWRWKHV\QDSWLFFOHIWLVQRWWDNHQEDFNLQWRWKHSUHV\QDSWLFQHXURQ7KHVH
PLFH VKRZ DQ LQFUHDVH LQ DQ[LHW\OLNH EHKDYLRU DQG DUH OHVV DJJUHVVLYH
7KHUHIRUHDERG\RIHYLGHQFHVXJJHVWVWKDW+7DQG&5)LQWHUDFWWRUHJX
ODWHWKH'5+7V\VWHPDQGG\VUHJXODWLRQRIWKLVLQWHUSOD\PD\FRQWULEXWH
WRWKHSDWKRJHQHVLVDQGSDWKRSK\VLRORJ\RIDIIHFWLYHGLVRUGHUV
5HIHUHQFHV
%HQJHO'0XUSK\'/$QGUHZV$0:LFKHPV&+)HOWQHU'+HLOV$
0|VVQHU5:HVWSKDO+/HVFK.3$OWHUHGEUDLQVHURWRQLQDQGORFR
PRWRU LQVHQVLYLW\ WRPHWK\OHQHGLR[\PHWKDPSKHWDPLQHÄ(FVWDV\³ LQ
VHURWRQLQWUDQVSRUWHUGH¿FLHQWPLFH0RO3KDUPDFRO
/HVFK.3=HQJ<5HLI$*XWNQHFKW/ $Q[LHW\UHODWHG WUDLWV LQ
PLFHZLWKPRGL¿HGJHQHVRIWKHVHURWRQHUJLFSDWKZD\(XURSHDQ-RXUQDORI
3KDUPDFRORJ\±
9DOHQWLQR5-&RPPRQV.*3HSWLGHVWKDW¿QHWXQHWKHVHURWRQLQ
V\VWHP1HXURSHSWLGHV
6
7KH,PSDFWRIWKH6HURWRQHUJLF6\VWHPRQ$GXOW1HXUDO6WHP
&HOOV'HULYHGIURP0RXVH+LSSRFDPSXV
-HQV%HQQLQJKRII
'HSWRI3V\FKLDWU\/088QLYHUVLW\RI0XQLFK*HUPDQ\
7RVWXG\WKH LPSDFWRIVHURWRQLQRQQHXURJHQHVLVZHHVWDEOLVKHGSULPDU\
FXOWXUHVIURPDGXOWPRXVHKLSSRFDPSL,QRXULQYLWURPRGHOZHFXOWXUHG
WKHQHXURVSKHUHVLQVHUXPIUHHPHGLXPFRQWDLQJE)*)DQG(*)DVJURZWK
IDFWRUV7KHVHVWHPSURJHQLWRUFHOOVJDYHULVHWRGLIIHUHQWLDWHGQHXUDOFHOOV
VXFKDVDVWURF\WHVROLJRGHQGURF\WHVDQGQHXURQV
,QYLWURZHZHUHDEOHWRVKRZWKDWWKHVHFHOOVSURGXFHVHURWRQLQDQGH[SUHVV
NH\ SURWHLQV RI WKH VHURWRQHUJLF V\VWHP LQFOXGLQJ WU\SWRSKDQK\GUR[\
ODVH 73+ WKH GHFLVLYH HQ]\PH LQ VHURWRQLQ SURGXFWLRQ ,Q DGGLWLRQZH
VFUHHQHGIRU+7UHFHSWRUVDQGWKHVHURWRQLQWUDQVSRUWHU+77E\57
3&5:KLOH WKHSURJHQLWRUVDUHQHJDWLYH IRU+77 WKH\H[SUHVV+7$
DQG+7&UHFHSWRUV
,QDGLIIHUHQWVHWRIH[SHULPHQWVXVLQJWKHVDPHLQYLWURPRGHOZHHVWDE
OLVKHGQHXUDOVWHPFHOO OLQHVIURPWKHKLSSRFDPSXVRI+77.2PLFHLQ
RUGHU WR LQYHVWLJDWH WKH LPSDFW RI +7 RQ SUROLIHUDWLRQ 7KHVH DQLPDOV
UHSUHVHQW DQ DUWL¿FLDOO\ K\HUSHUVHURWRQHUJLF HQYLURQPHQW VLQFH DYDLODEOH
+7LVQRWWDNHQEDFNLQWRWKHSUHV\QDSWLFQHXURQ
7DNHQ WRJHWKHURXUUHVXOWVPDNHDFDVHIRU WKH LQÀXHQFHRIVHURWRQLQDQG
LWVYDULRXVHOHPHQWVRQWKHFRPSOH[SURFHVVRIQHXURJHQHVLV6WLOOWKHUHLV
VRPHFDXWLRQQHFHVVDU\LQWKHLQWHUSUHWDWLRQRIWKHUHVXOWV7RRXUNQRZOHGJH
WKLVLVWKH¿UVWUHSRUWRQWKHH[LVWHQFHRIGLIIHUHQWHOHPHQWVRIWKHVHURWRQ
HUJLFV\VWHPRQDGXOWPXULQHSURJHQLWRUVGHULYHGIURPKLSSRFDPSXV,QWKH
IXWXUHIXUWKHUHOXFLGDWLQJWKLVSURFHVVDQGORRNLQJIRUFRUUHVSRQGLQJ¿QG
LQJVLQKXPDQVPD\DOVROHDGWRDUH¿QHGWUHDWPHQWVWUDWHJLHV
6
0RQRDPLQH2[LGDVH$DQG'HYHORSPHQWRI$JJUHVVLYH
%HKDYLRU
,VDEHOOH6HLI
3DULV6XG8QLYHUVLW\&KkWHQD\0DODEU\)UDQFH
(GZDUG'H0DH\HU
2EMHFWLYHV7KHKLJKOHYHOVRIDJJUHVVLRQREVHUYHGLQPLFHDQGPHQODFN
LQJPRQRDPLQHR[LGDVH$0$2$PD\KDYHDGHYHORSPHQWDOFRPSRQHQW
1HRQDWDOEUDLQLQ0$2$NQRFNRXW.2PLFHVKRZVPRGHUDWHLQFUHDVHVLQ
QRUHSLQHSKULQH 1(DQGGRSDPLQHEXWJUHDWO\HQKDQFHG VHURWRQLQ +7
OHYHOVWKDWLPSDLUWKHGHYHORSPHQWRIVHQVRU\PDSVE\RYHUDFWLYDWLQJ+7%
UHFHSWRUV6LPLODUPLOGHU DQDWRPLFDO DOWHUDWLRQV H[LVW LQPLFH.2 IRU WKH
+7WUDQVSRUWHU+778QOLNH+77.2V0$2$.2VGLVSOD\LPSXOVLYH
ELWLQJIURPSRVWQDWDOGD\3WR3DQGK\SHUDJJUHVVLYHWUDLWVDVDGXOWV
"2!).¬&5.#4)/.¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
1HRQDWDODGPLQLVWUDWLRQRIWKHLQKLELWRURI+7V\QWKHVLV3&3$RUJHQHWLF
UHPRYDORI+7%FDQSUHYHQWEHDPZDONLQJGH¿FLWVLQDGXOW0$2$.2V
:HQRZLQYHVWLJDWHZKHWKHUQHRQDWDO3&3$WUHDWPHQWVRUWKHORVVRI+7
UHFHSWRUJHQHVFDQUHGXFHDJJUHVVLRQLQDGXOW0$2$.2V
0HWKRGV0$2$.2RIERWK VH[HV UHFHLYHGGDLO\ LQMHFWLRQVRI3&3$DW
33 33 33 RU 33 8VLQJ FKURPDWRJUDSK\ ZH PHDVXUHG
WKH HIIHFWV RI QHRQDWDO 3&3$ RQ EUDLQPRQRDPLQHV GXULQJ WUHDWPHQW DQG
LQ DGXOWV:H DVVHVVHG DJJUHVVLRQ DW 3 DQG EHWZHHQ 3 DQG 3 LQ
0$2$ .2V DQG RWKHU .2V RI WKH +7 V\VWHP +77 +7$ +7%
+7$DQGGRXEOH.2V
5HVXOWV3&3$UHGXFHGYLDELOLW\LQZLOGW\SHSXSVEXWKDGQRJURVVHIIHFWV
RQJURZWK LQ0$2$.2V ,Q3&3$WUHDWHG0$2$.2SXSV+7EUDLQ
OHYHOVVWDUWHGGHFUHDVLQJKUVDIWHUWKH¿UVWLQMHFWLRQZKHUHDV1(DPRXQWV
LQFUHDVHG7KH333&3$WUHDWPHQWQRUPDOL]HGEHKDYLRULQDGXOW0$2$
.2VDVLQGLFDWHGE\UHGXFHG¿JKWLQJLQPDOHJURXSVDFRPSOHWHDEVHQFH
RIZRXQGLQJDQLQFUHDVHLQWKHODWHQF\WRDJJUHVVLYHGLVSOD\VLQUHVLGHQW
LQWUXGHUWHVWVDQGGHOD\HGPRXQWLQJGXULQJFRXUWVKLS:KROHEUDLQFRQFHQ
WUDWLRQVRIPRQRDPLQHV LQ DGXOWVZHUHQRWPRGL¿HGE\ WKH333&3$
WUHDWPHQW8QWUHDWHG+77.2VGLVSOD\HGDEHKDYLRUDOSKHQRW\SHRSSRVLWH
WRWKDWRI0$2$.2VZLWKORZDJJUHVVLRQZKHUHDV0$2$+77'.2V
ZHUH PRVW DJJUHVVLYH +7$ .2V VKRZHG DQ[LHW\ DQG ORZ DJJUHVVLRQ
ZKHUHDV0$2$+7$'.2VZHUH ERWK DQ[LRXV DQG DJJUHVVLYH H[FHSW
LQWKHFRXUWVKLSWHVW+7,%.2VVKRZHGLPSXOVLYLW\EXWOHVVYLROHQFHWKDQ
0$2$.2VDQGQRUPDOFRXUWVKLS0$2$+7%'.2VZHUHPRUH OLNH
0$2$.2V+77+7%'.2VZHUHFRPSDUDEOHWR+7%.2V
&RQFOXVLRQV 7KH ORQJWHUP DQWLDJJUHVVLYH HIIHFWV RI WKH 33 3&3$
WUHDWPHQWVXJJHVWWKDWLQFUHDVHG+7FRQFHQWUDWLRQVGXULQJHDUO\SRVWQDWDO
GHYHORSPHQW LQ0$2$.2V FRQWULEXWH WR OLIHORQJ HQKDQFHG DJJUHVVLRQ
<HW WKH EHKDYLRU RI WKH RWKHU +7 NQRFNRXWV GLG QRW VXJJHVW D VLQJOH
VHURWRQHUJLFWDUJHWRIWKH3&3$HIIHFWV$OVRWKHUHLVDSX]]OLQJGLIIHUHQFH
EHWZHHQWKH0$2$.2VDQG+77.2VERWKEHLQJRWKHUZLVHK\SHUVHUR
WRQHUJLFPRGHOV5HJLRQDOGLIIHUHQFHVLQ+7OHYHOVEHWZHHQWKHWZR.2VRU
GLIIHUHQFHVLQWKHLUFDWHFKRODPLQHUJLFV\VWHPVPD\SOD\DSLYRWDOUROH7KLV
ZRUNLQPLFHLQGLFDWHVWKDWWKHSURSHQVLW\WRYLROHQFHLQPHQODFNLQJ0$2$
PD\EHGHSHQGHQWRQLQFUHDVHGOHYHOVRIIHWDO+7
6
3V\FKLDWULF*HQHWLFV5HFHQW$GYDQFHVDQG&OLQLFDO
,PSOLFDWLRQV
6
3KDUPDFRJHQHWLFVRI$QWLSV\FKRWLF,QGXFHG:HLJKW*DLQ
'DQLHO-0OOHU
1HXURJHQHWLFV6HFWLRQ&HQWUHIRU$GGLFWLRQDQG0HQWDO+HDOWK
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\RI7RURQWR7RURQWR21
&DQDGD
7ULFLD6LFDUG1LFROH.LQJ6XEL7KDUPDOLQJKDP
9LQFHQ]R'H/XFD5XGL+ZDQJ7LP.OHPSDQ
-DQ9RODYND3DO&]RERU-HIIUH\$/LHEHUPDQ
+HUEHUW<0HOW]HU-DPHV/.HQQHG\
2EMHFWLYHV 7R LQYHVWLJDWH JHQHWLF YDULDWLRQ LQ WKH QHXURWUDQVPLWWHU DQG
DSSHWLWHHQHUJ\IDWUHJXODWLQJV\VWHPLQDQWLSV\FKRWLFLQGXFHGZHLJKWJDLQ
0HWKRGV $ SRSXODWLRQ RI  FKURQLF VFKL]RSKUHQLF SDWLHQWV GHULYLQJ
IURP WZR VWXG\VDPSOHV $  %   DQG EHLQJPDLQO\ WUHDWHGZLWK
FOR]DSLQHZHUHIROORZHGXSIRUZHLJKWFKDQJHVIRUXSWRZHHNV2YHU
JHQHWLFYDULDQWVDUHFXUUHQWO\EHLQJLQYHVWLJDWHGLQIRXUWHHQFDQGLGDWHJHQHV
61$3&2070$2$$&(+7+7'5'+5+*1%
%'1)71)ĮOHSWLQ&&.DQG0&5
5HVXOWV$QDO\VHVZLWK$129$UHYHDOHGWKDWWKH'GHO,DQG0QO,SRO\PRU
SKLVPVRIWKH61$3ZHUHDVVRFLDWHGZLWKZHLJKWJDLQ)>@ 
SDQG)>@ S 6LPLODUO\WKH±$*SRO\PRU
SKLVPRIWKHOHSWLQJHQHUHJXODWRU\UHJLRQZDVDVVRFLDWHGZLWKZHLJKWJDLQ
ZKHUHSDWLHQWVZLWK$*RU**JHQRW\SHVKRZHGRQDYHUDJH OHVVZHLJKW
JDLQ )> @    S    6WDWLVWLFDO WUHQGVZHUH IRXQGZLWK WKH
*7QUHSHDWDQGWKH9DO0HWSRO\PRUSKLVPRIWKH%'1)JHQH)>@
 S DQG)>@ S 
&RQFOXVLRQV 2XU SUHOLPLQDU\ UHVXOWV LQGLFDWH WKDW DQWLSV\FKRWLF LQGXFHG
ZHLJKWJDLQPD\GHSHQGRQJHQHWLFYDULDQWVWKDWPRGXODWHQHXURWUDQVPLWWHU
UHOHDVHWKURXJK61$3DVVRFLDWHGSUHV\QDSWLFYHVLFOHWUDI¿FNLQJHQHUJ\
EDODQFH WKURXJK WKH0&5%'1) D[LV DQG ERG\ IDW UHJXODWLRQ WKURXJK
OHSWLQ UHJXODWLRQ7KH DVVRFLDWLRQZLWK OHSWLQ LV SDUWLFXODUO\ LQWHUHVWLQJ DV
WKLVUHVXOWLVLQDFFRUGDQFHZLWKUHFHQW¿QGLQJVIURPDQLQGHSHQGHQWVDPSOH
5H\QROGV HW DO  WKXV ORZHULQJ WKH OLNHOLKRRG RI D IDOVH SRVLWLYH
¿QGLQJ
6
6XLFLGDO%HKDYLRULQ0DMRU3V\FKRVLVIURP(SLGHPLRORJ\WR
0ROHFXODU*HQHWLFV
'H/XFD9LQFHQ]R
,WDO\
0XVFHWWROD*'HO=RPSR06HYHULQR*GH%DUWRORPHLV$
'RSDPLQHUJLFQHXURWUDQVPLVVLRQKDVEHHQLPSOLFDWHGLQVXLFLGDOEHKDYLRU
LQ WKLV VWXG\ ZH LQYHVWLJDWHG WKH SXWDWLYH LQYROYHPHQW RI GRSDPLQH '
UHFHSWRULQSDUDVXLFLGH
7KUHH613VRI'5'JHQH7&$*DQG7&ZHUHDQDO\]HG
LQWULRVZLWKRQHELSRODUSDWLHQWVWKDWDWWHPSWVXLFLGHIURP7RURQWRDQG
DWWHPSWHUVZLWKLQD VDPSOHRIELSRODUSDWLHQWV IURP6DUGLQLD%RWK WKH
7UDQVPLVVLRQ'LVHTXLOLEULXP7HVW7'7DQGDOOHOHFDVHFRQWURODVVRFLDWLRQ
ZHUHSHUIRUPHGRQWKHJHQRW\SHGDWDWRWHVWIRUOLQNDJHGLVHTXLOLEULXPEH
WZHHQ'5'DQGVXLFLGHDWWHPSW:LWKWKHKDSORW\SHWUDQVPLVVLRQGLVHTXL
OLEULXPWHVWDQGKDSORW\SHFDVHFRQWURODVVRFLDWLRQ&2&$3+$6(ZHDOVR
FDOFXODWHG WKH KDSORW\SH IUHTXHQFLHV LQ ELSRODU SDWLHQWVZLWK DQGZLWKRXW
VXLFLGH DWWHPSW$OWKRXJK QR DOOHOH DVVRFLDWLRQZDV IRXQG LQ WKH7RURQWR
WULRVDQGLQ6DUGLQLDVDPSOHWKHWUHQGLQWKHWZRVDPSOHKDGWKHVDPHGLUHF
WLRQIRUDOOWKUHH613VIXUWKHUPRUHZKHQZHFRPELQHGWKHWZRVDPSOHVZH
IRXQGVLJQL¿FDQWDVVRFLDWLRQIRU±&S 7KHKDSORW\SHDQDO\VLV
GHPRQVWUDWHGWKDWWKHJOREDOFKLVTXDUHZDVQRWVLJQL¿FDQWLQERWKVDPSOH
KRZHYHUWKHKDSORW\SH±&*&KDSORW\SHLQ'5'JHQHPD\
SOD\DUROHLQSDUDVXLFLGHEHKDYLRULQELSRODUGLVRUGHUSDWLHQWV
6
$VVRFLDWLRQEHWZHHQWKH'LXUQDO3UHIHUHQFHDQG*HQHWLF
9DULDQWVRI&ORFN*HQHDQG*SURWHLQȕ6XEXQLW*HQH
+HRQ-HRQJ/HH
.RUHD8QLYHUVLW\.RUHD
/HHQ.LP0LQ6RR/HH<RQJ.X.LP6HXQJ+\XQ.LP
6RRN+DHQJ-RH,Q.ZD-XQJ
2EMHFWLYHV 7KH  &7 VLQJOH QXFOHRWLGH SRO\PRUSKLVP 613 LQ
&ORFN JHQH DQG &7 613 LQ *SURWHLQ EHWD  VXEXQLW JHQH *1%
KDYHEHHQLPSOLFDWHGWREHDVVRFLDWHGZLWKWKHGLXUQDOSUHIHUHQFH)RUWKLV
VWXG\ZH KDYH LQYHVWLJDWHG WKH SRVVLEOH DVVRFLDWLRQ EHWZHHQ&ORFN JHQH
SRO\PRUSKLVPDQG*1%SRO\PRUSKLVPDQGGLXUQDOSUHIHUHQFHLQQRUPDO
SRSXODWLRQ
0HWKRGV2QHKXQGUHG HLJKW\QLQHPDOH VXEMHFWVZHUH FDUHIXOO\ VHOHFWHG
IURP.RUHD8QLYHUVLW\0HGLFDO&ROOHJHVWXGHQWVZKLFKZHUHPHQWDOO\DQG
SK\VLFDOO\KHDOWK\$OOWKHVXEMHFWVFRPSOHWHGWKHLWHP&RPSRVLWH6FDOH
IRU0RUQLQJQHVV&607KH&ORFNJHQHDQG*1%JHQHSRO\PRUSKLVPV
ZHUHJHQRW\SHGE\3&5EDVHGPHWKRGV
5HVXOWV:HIRXQGWKDWWKHLQWHUDFWLRQEHWZHHQWKH&7613LQ&ORFN
JHQH DQG  &7 613 LQ *1%ZHUH VLJQL¿FDQWO\ RQ WRWDO &60 VFRUH
) 3 HVSHFLDOO\3HUIRUPDQFHVXEVFRUH) 3 
+RZHYHUZKHQDQDO\]HGLQGHSHQGHQWO\WKHGLIIHUHQWSRO\PRUSKLVPVRIWZR
JHQHVWKH&7613LQ&ORFNJHQHDQG&7613LQ*1%WKHUH
ZHUHQRGLUHFWFRUUHODWLRQZLWKWKHGLXUQDOSUHIHUHQFH
&RQFOXVLRQV:HIRXQGWKDWWKH&ORFNJHQH&7613DQG*1%JHQH
 &7 613 KDYH DQ JHQHJHQH LQWHUDFWLRQ RQ GLXUQDO SUHIHUHQFH 7KH
UHVXOWV IXUWKHU VKRZ WKDW HSLVWDVLV LV FRQWULEXWLQJ WR WKH FRPSOH[ WUDLW RI
PRUQLQJQHVVHYHQLQJQHVV)XUWKHULQYHVWLJDWLRQVDUHQHFHVVDU\WRHVWDEOLVK
LIWKLVJHQHWLFLQWHUDFWLRQEHWZHHQWZRSRO\PRUSKLVPVLQÀXHQFHVWKHKXPDQ
FLUFDGLDQUK\WKPLQDODUJHUJURXS
5HIHUHQFHV
.DW]HQEHUJ'HWDO $&/2&.SRO\PRUSKLVPDVVRFLDWHGZLWKKX
PDQGLXUQDOSUHIHUHQFH6OHHS
-RKDQVVRQ&HW DO &LUFDGLDQFORFNUHODWHGSRO\PRUSKLVPV LQ VHD
VRQDODIIHFWLYHGLVRUGHUDQGWKHLUUHOHYDQFHWRGLXUQDOSUHIHUHQFH1HXURSV\
FKRSKDUPDFRORJ\
"2!).¬&5.#4)/.¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
5RELOOLDUG'/HWDO7KH&ORFNJHQHSRO\PRUSKLVPLVQRWDVVR
FLDWHGZLWKVOHHSDQGFLUFDGLDQUK\WKPLFLW\LQSKHQRW\SLFDOO\FKDUDFWHUL]HG
KXPDQVXEMHFWV-6OHHS5HV
6
*HQRPLFVRI$OFRKROLVP)LQGLQJVLQWKH3RVWPRUWHP%UDLQ
0DVDUX7DWHQR
'HSW1HXURSV\FKLDWU\6DSSRUR0HGLFDO8QLYHUVLW\6DSSRUR
-$3$1'HSW3V\FKLDWU\6XQDJDZD&LW\0HGLFDO&HQWHU
6XQDJDZD+RNNDLGR-DSDQ
.D]X\D,ZDPRWR:DWDUX8NDL7DGDIXPL.DWR7RVKLND]X6DLWR
$OFRKROLVPLVDFRPPRQGLVHDVHWKDWUXQVLQIDPLOLHVVXJJHVWLQJDFRQWULEX
WLRQRIJHQHWLFIDFWRUVZKLFKSURPRWHWKHGHYHORSPHQWRIDOFRKROGHSHQG
HQF\:HDQDO\]HGROLJRQXFOHRWLGHPLFURDUUD\XVLQJSRVWPRUWHPSUHIURQWDO
FRUWLFHVRIDOFRKROLFV,QWKHSRVWPRUWHPEUDLQVRIDOFRKROLFVDPRQJDERXW
 JHQHV LGHQWL¿HG  JHQHV VKRZHG IROG RU JUHDWHU GLIIHUHQFH LQ
WKHLU H[SUHVVLRQFRPSDUHGZLWKFRQWURO VXEMHFWV WKRVHZKLFK LQFOXGHG
XSDQGGRZQUHJXODWHGJHQHV
7KHPRVWUHPDUNDEOH¿QGLQJLQWKLVDQDO\VLVZDVXSUHJXODWLRQRIP\HOLQ
UHODWHGJHQHVDQGPROHFXODUFKDSHURQHVLQDOFRKROLFVZKLFKVXSSRUWHGRXU
LQYLWUR¿QGLQJVWKDWHWKDQROWUHDWPHQWRIQHXUDOVWHPFHOOVSURPRWHGJOLDO
GLIIHUHQWLDWLRQ ZKLOH LW GHFUHDVHG QHXURQDO GLIIHUHQWLDWLRQ 7KHVH UHVXOWV
ZRXOGSURYLGHQHZLQVLJKWVLQWRWKHXQGHUVWDQGLQJRIJHQHWLFIDFWRUVLQWKH
SDWKRSK\VLRORJ\RIDOFRKROGHSHQGHQFH
6
$QLPDO0RGHOVIRU&DQGLGDWH*HQH'LVFRYHU\LQ
6FKL]RSKUHQLD
$OEHUW+&:RQJ
&HQWUHIRU$GGLFWLRQDQG0HQWDO+HDOWK'HSDUWPHQWRI3V\FKLD
WU\)DFXOW\RI0HGLFLQH8QLYHUVLW\RI7RURQWR&DQDGD
*HQHWLF UHVHDUFK LQWR WKH FDXVH RI VFKL]RSKUHQLD KDV JHQHUDWHG D ODUJH
QXPEHU RI SXWDWLYH FKURPRVRPDO ORFL DQG FDQGLGDWH JHQHV EXW GH¿QLWLYH
VXVFHSWLELOLW\ JHQHV KDYH QRW EHHQ IRXQG 0DQ\ IDFWRUV FRPSOLFDWH WKH
VHDUFK IRU YXOQHUDELOLW\ JHQHV LQFOXGLQJ GLVHDVH KHWHURJHQHLW\ PXOWLSOH
LQWHUDFWLQJJHQHVHSLJHQHWLFVDQGDQLQFRPSOHWHXQGHUVWDQGLQJRIWKHPR
OHFXODUEDVLVRIQHXURGHYHORSPHQWDQGEHKDYLRXU2QHVWUDWHJ\ WRDGGUHVV
WKLVSUREOHPLVWRVWXG\DQLPDOPRGHOVWRXQGHUVWDQGWKHSDWKRSK\VLRORJ\RI
VSHFL¿FIHDWXUHVRIVFKL]RSKUHQLD5HFRJQL]LQJWKDWQRVLQJOHDQLPDOPRGHO
FDSWXUHVDOO WKHIHDWXUHVRI WKHGLVHDVHDYDULHW\RIDQLPDOPRGHOVFDQEH
XVHGHDFKRIZKLFKPRGHOVDSDUWLFXODUDVSHFWRIVFKL]RSKUHQLD'DWDZLOO
EHSUHVHQWHGRQSUHYLRXVZRUNZLWKURGHQWPRGHOVKDYLQJGLIIHUHQWLDO
VXVFHSWLELOLW\WRSURSV\FKRWLFLQWHUYHQWLRQVOHVLRQPRGHOVDQGFXU
UHQWZRUNRQJHQHH[SUHVVLRQSUR¿OLQJRIFRUWLFDOGHYHORSPHQW(YHQWXDOO\
WKH LQWHJUDWLRQRI GDWD IURPPXOWLSOH DQLPDOPRGHOVPD\KHOS WR LGHQWLI\
PROHFXODUSDWKZD\VWKDWPHGLDWHSV\FKRWLFV\PSWRPVDQGVXVFHSWLELOLW\WR
VFKL]RSKUHQLD
6
6HURWRQLQDV.H\)DFWRUIRU1HXURSODVWLFLW\LQ3V\FKLDWULF
'LVRUGHUV
6
7KH1HXURWURSKLF5ROHRI6HURWRQLQ±,PSOLFDWLRQVIRU
3V\FKLDWU\
*HRUJ-XFNHO
'HSWRI3V\FKLDWU\&KDULWH8QLYHUVLW\0HGLFLQHRI%HUOLQ
&DPSXV0LWWH%HUOLQ*HUPDQ\
0DULRQ/DXWHQVFKODJHU
,W LV ZHOO NQRZQ WKDW VHURWRQLQ VHUYHV DV D QHXURWUDQVPLWWHU LQ WKH DGXOW
EUDLQ RIPDPPHOVZKHUH LW LV WKH GRPLQDQW QHXURWUDQVPLWWHU RI WKH QHX
URQVRULJLQDWLQJLQWKHQXFOHLUDSKHDQGSUHMHFWLQJWRDOOPDMRUDUHDVRIWKH
EUDLQ%XW VHURWRQLQ DOVR IXQFWLRQV GXULQJ WKH HPEU\RQDO GHYHORSPHQW DV
DQHXURWURSKLQLQÀXHQFLQJWKHGHYHORSPHQWDOVWDJHVRIQHXURSUROLIHUDWLRQ
QHXURGLIIHUHQWLDWLRQDQGV\QDSVHIRUPDWLRQ8SWRQRZLW LVQRWNQRZQE\
ZKLFKVHURWRQLQ UHFHSWRUH[SUHVVLRQV WKHVHFRQVHFXWLYH VWDJHVDUHJXLGHG
EXW WKHUH LVHYLGHQFH WKDW WKH+7$UHFHSWRUDQG WKH+7$UHFHSWRUDUH
KLJKO\ LQYROYHG ,QH[SHULPHQWDOPRGHOVRIQHXURGHJHQHUDWLRQDQGQHXUR
WR[LFLW\ LQ MXYHQLOHDQGDGXOWQHXURQDO WLVVXHVHURWRQLQDQGVHURWRQLQDJR
QLVWVVKRZHGQHXURSURWHFWLYHSURSHUWLHVVRPHRIZKLFKKDYHEHHQDWWULEXWHG
WR+7$DQG+7$UHFHSWRUIXQFWLRQV$QGDOVRLQWKHDGXOWQHXURJHQHVLV
RIWKHPDPPHOKLSSRFDPSXVVHURWRQHUJLFLQQHUYDWLRQKDVEHHQVKRZQWREH
RIFUXFLDOLPSRUWDQFH
6
6HURWRQLQDQG$GXOW%UDLQ+LSSRFDPSDO&HOO3UROLIHUDWLRQ
%DUU\/-DFREV
3ULQFHWRQ8QLYHUVLW\86$
2YHUWKHSDVWVHYHUDO\HDUVZHKDYHH[DPLQHGDQXPEHURIDVSHFWVRIWKH
UROHRI VHURWRQLQ LQKLSSRFDPSDO JUDQXOH FHOO OD\HURI WKHGHQWDWHJ\UXV
SUROLIHUDWLRQPHDVXUHGZLWK%UG8LPPXQRODEHOLQJLQWKHEUDLQVRIDGXOW
PLFH DQG UDWV7KH VWXGLHV KDYH LQYROYHG ERWK GLUHFW HJ DGPLQLVWUDWLRQ
RI VHURWRQHUJLFGUXJVDQG LQGLUHFW HJ WKH VOHHSZDNHF\FOH FKDQJHV LQ
VHURWRQHUJLFQHXURWUDQVPLVVLRQ
,Q RXU LQLWLDO VWXGLHV LQ UDWV ZH H[DPLQHG WKH HIIHFWV RI GUDPDWLFDOO\
LQFUHDVLQJEUDLQ OHYHOVRI VHURWRQLQZLWK DFXWH V\VWHPLFDGPLQLVWUDWLRQRI
GIHQIXUDPLQH7KLVSURGXFHGDGRXEOLQJRU WULSOLQJRISUROLIHUDWLQJFHOOV
$VLPLODUEXWVPDOOHULQFUHDVHZDVSURGXFHGE\DGPLQLVWUDWLRQRIWKHVHUR
WRQLQ ,$ DJRQLVW 2+'3$77KHVH HIIHFWVZHUH FRPSOHWHO\ DQWDJRQL]HG
E\SULRU DGPLQLVWUDWLRQRI D VSHFL¿F$DQWDJRQLVW DQG DGPLQLVWUDWLRQRI
WKUHHGLIIHUHQW,$DQWDJRQLVWVDOOGHFUHDVHGWKHEDVDOOHYHORIFHOOSUROLIHUD
WLRQ7KHVH VWXGLHVZHUH IROORZHGXSE\H[DPLQLQJ WKHHIIHFWVRI FKURQLF
DGPLQLVWUDWLRQRI WKH665,ÀXR[HWLQHZKLFKDOVR LQFUHDVHGSUROLIHUDWLRQ
6RPHZKDW VXUSULVLQJO\ FKURQLF DGPLQLVWUDWLRQ RI WKLV VDPH FRPSRXQG WR
QHRQDWHVKDGQRHIIHFW:HKDYHDOVRH[DPLQHGVHURWRQLQDQWDJRQLVWVDQG
IRXQGYHU\OLWWOHHIIHFWRQFHOOSUROLIHUDWLRQ
'XULQJKRXUVOHHSGHSULYDWLRQDQGDQKRXUUHFRYHU\VOHHSFHOOSUROLI
HUDWLRQZDVFRQVLVWHQWO\VWURQJO\VXSSUHVVHG:HKDYHREVHUYHGYHU\OLWWOH
FKDQJH LQ FHOO SUROLIHUDWLRQ LQPLFH H[DPLQHGDFURVV WKH OLJKWGDUN F\FOH
+RZHYHUZKHQPLFHDUHJLYHQDFFHVVWRDUXQQLQJZKHHOFHOOSUROLIHUDWLRQ
LVVOLJKWO\HOHYDWHGGXULQJWKHGDUNSKDVH
)LQDOO\ZHKDYHIRXQGWKDWWKHVWURQJLQFUHDVHLQFHOOSUROLIHUDWLRQSURGXFHG
E\SLORFDUSLQHLQGXFHGVHL]XUHVFDQEHFRPSOHWHO\EORFNHGE\DGPLQLVWUD
WLRQRIWKHVHURWRQLQ$DQWDJRQLVW:$<
6
6LJQDO7UDQVGXFWLRQ&DVFDGHVDQG*HQH([SUHVVLRQ3URFHVVHV
LQ+7'HSHQGHQW1HXUDO3ODVWLFLW\
-RKDQQHV7KRPH
8QLYHUVLW\RI:DOHV6ZDQVHD8.
&KULVWLDQ.LVVOLQJ$QGUHZ&RRJDQ
2EMHFWLYHV+7LVDNH\IDFWRUIRUQHXUDOSODVWLFLW\LQSV\FKLDWULFGLVRU
GHUV7KHLGHQWL¿FDWLRQRIWKHVLJQDOOLQJFDVFDGHVDQGWDUJHWJHQHVLQYROYHG
LVDQLPSRUWDQWWDVN
0HWKRGV6HYHUDOPRGHOV\VWHPVLQFOXGLQJUHSRUWHUJHQHFRQVWUXFWVLQFHOO
FXOWXUHDQGDQLPDOPRGHOVFDQEHXVHGIRUWKHDQDO\VLVRIQHXURSODVWLFSURF
HVVHVWULJJHUHGE\+7
5HVXOWV$PRQJRWKHUV WKHF$033.$&5(%VLJQDOOLQJFDVFDGHFDQEH
LGHQWL¿HGDVDQLPSRUWDQWLQWUDFHOOXODUPHGLDWRURI+7GHSHQGHQWQHXUDO
SODVWLFLW\,PSRUWDQWWDUJHWJHQHVDUHQHXURWURSKLFIDFWRUVVXFKDV%'1)DQG
V\QDSWLFYHVLFOHSURWHLQV
&RQFOXVLRQV6HURQWRQHUJLFHIIHFWVDUHQRWOLPLWHGWRWKHPHUHQHXURWUDQV
PLWWHUUHFHSWRU LQWHUDFWLRQ EXW LQYROYH VHYHUDO VLJQDOOLQJ FDVFDGHVZKLFK
UHVXOW LQ DPRGXODWLRQRI WKH H[SUHVVLRQRI VSHFL¿F WDUJHWJHQHVZKLFK LQ
WXUQLQÀXHQFHQHXUDODQGV\QDSWLFSODVWLFLW\$EHWWHUXQGHUVWDQGLQJRIWKHVH
LQWUDFHOOXODUDQGQXFOHDUSURFHVVHVZLOOKHOSWRIXUWKHUHOXFLGDWHSDWKRSK\VL
RORJLFDODVZHOODVSV\FKRSKDUPDFRORJLFDOPHFKDQLVPVLQWKHJHQHVLVDQG
WKHUDS\RIPHQWDOGLVRUGHUV
"2!).¬&5.#4)/.¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
$FWLYLW\'HSHQGHQW5HJXODWLRQRI$GXOW+LSSRFDPSDO
1HXURJHQHVLV
*HUG.HPSHUPDQQ
0D['HOEUFN&HQWHUIRU0ROHFXODU0HGLFLQH0'&%HUOLQ%XFK
DQG9RONVZDJHQ6WLIWXQJ5HVHDUFKJURXSDWWKH'HSWRI([SHUL
PHQWDO1HXURORJ\&KDULWp8QLYHUVLW\0HGLFLQH%HUOLQ*HUPDQ\
2EMHFWLYHV7KLVSUHVHQWDWLRQFRYHUVDEULHIRYHUYLHZRYHUWKHUHFHQWGHYHO
RSPHQWVLQWKH¿HOGRIDGXOWQHXURJHQHVLVLQWKHKLSSRFDPSXVDQGUHYLHZV
WKHHYLGHQFHWKDWDGLVWXUEDQFHRIDGXOWQHXURJHQHVLVPLJKWFRQWULEXWHWRWKH
SDWKRJHQHVLVRISV\FKLDWULFGLVRUGHUV7KHIRFXVRIWKHWDONLVRQWKHDFWLY
LW\GHSHQGHQWFRQWURORIDGXOWQHXURJHQHVLVDQGWKHSRVVLEO\FHQWUDOUROHWKDW
VHURWRQHUJLFPHFKDQLVPVPLJKWSOD\LQWKLVUHJXODWLRQ
0HWKRGV5HYLHZRIRZQDQLPDOVWXGLHVDQGRIWKHUHOHYDQWOLWHUDWXUH
5HVXOWV$GXOWQHXURJHQHVLVLVQHXURQDOGHYHORSPHQWXQGHUWKHFRQGLWLRQV
RIWKHDGXOWEUDLQZKLFKLQJHQHUDODUHQRQLIQRWDQWLQHXURJHQLF1HXURQDO
GHYHORSPHQWLQWKHKLSSRFDPSXVSURFHHGVWKURXJKDQXPEHURILGHQWL¿DEOH
VWDJHVZKLFKDUHGLIIHUHQWLDOO\UHJXODWHG1HZHVWGDWDVXJJHVWWKHPHFKD
QLVPVE\ZKLFKFRJQLWLYHDQGRWKHU VWLPXOL UHDFK WKHSUHFXUVRUFHOOVDQG
WKHLUSURJHQ\DQGKRZVSHFL¿FLW\RIWKHUHJXODWLRQLVDFKLHYHG
&RQFOXVLRQV1HXURQDOGHYHORSPHQWLQWKHDGXOWKLSSRFDPSXVLVLQWULFDWHO\
UHJXODWHG$VIDUDVWKHKLSSRFDPSXVLVFRQFHUQHGGLVRUGHUVVXFKDVPDMRU
GHSUHVVLRQPLJKW UHÀHFW D ORQJWHUP IDLOXUH RI FHOOXODU SODVWLFLW\%HVLGHV
RWKHUPHFKDQLVPVRI DFWLRQSV\FKRWURSLFGUXJV LQFOXGLQJDQWLGHSUHVVDQWV
PLJKWPRGXODWHFHOOXODUSODVWLFLW\
5HIHUHQFHV
*DUFLD$6WHLQHU%.URQHQEHUJ*%LFN6DQGHU$DQG.HPSHUPDQQ
* $JHGHSHQGHQW H[SUHVVLRQRI JOXFRFRUWLFRLG DQGPLQHUDORFRU
WLFRLG UHFHSWRUV RQ QHXUDO SUHFXUVRU FHOO SRSXODWLRQV LQ WKH DGXOW PXULQH
KLSSRFDPSXV$JLQJ&HOO
.HPSHUPDQQ* -HVVEHUJHU 6 6WHLQHU% DQG.URQHQEHUJ* 
0LOHVWRQHV RI QHXURQDO GHYHORSPHQW LQ WKH DGXOW KLSSRFDPSXV 7UHQGV
1HXURVFL
.HPSHUPDQQ * DQG .URQHQEHUJ *  'HSUHVVHG QHZ QHXURQV"
$GXOW KLSSRFDPSDO QHXURJHQHVLV DQG D FHOOXODU SODVWLFLW\ K\SRWKHVLV RI
PDMRUGHSUHVVLRQ%LRO3V\FKLDWU\
6
,V(FVWDV\DVHURWRQHUJLFQHXURWR[LQLQKXPDQV"
(XSKURV\QH*RX]RXOLV0D\IUDQN
'HSWRI3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\RI&RORJQH
*HUPDQ\
-RHUJ'DXPDQQ
2EMHFWLYHV (FVWDV\ PHWK\OHQHGLR[\PHWKDPSKHWDPLQH  0'0$ LV
D VHURWRQHUJLFQHXURWR[LQ LQDQLPDOVDQGSRVVLEO\ LQKXPDQV(FVWDV\XV
HUV SUHVHQW ZLWK LQFUHDVHG UDWHV RI SV\FKRSDWKRORJ\ DQG VXEWOH FRJQLWLYH
LPSDLUPHQWVSDUWLFXODUO\RIOHDUQLQJDQGPHPRU\%RWKSV\FKRSDWKRORJLFDO
DQGFRJQLWLYHV\PSWRPVPD\EHUHODWHGWRWKHQHXURWR[LFHIIHFWVRIHFVWDV\
7KHDLPRIRXUVWXGLHVZDVWRH[SORUHWKHUHODWLRQVKLSVEHWZHHQSV\FKRSD
WKRORJ\FRJQLWLRQDQGEUDLQDFWLYDWLRQSDWWHUQVDQGXVHRIHFVWDV\DQGRWKHU
GUXJVLQFXUUHQWO\DEVWLQHQWHFVWDV\XVHUV
0HWKRGV,QD¿UVWVWXG\ZHH[DPLQHGSV\FKRSDWKRORJ\DQGFRJQLWLYHIXQF
WLRQVLQFRPELQHGHFVWDV\DQGFDQQDELVXVHUVSXUHFDQQDELVXVHUVDQG
QRQXVHUV,QDVXEVHTXHQWORQJLWXGLQDOVWXG\ZHH[DPLQHGPRGHUDWH
DQGKHDY\XVHUVRIFOXEGUXJVLQFOXGLQJHFVWDV\DQGQRQXVHUFRQWUROV
WZLFHIROORZXSLQWHUYDOPRQWKV,QVXEVHWVRIVXEMHFWVRIWKHORQJLWX
GLQDO VWXG\ZH SHUIRUPHG I05, H[SHULPHQWV XVLQJZRUNLQJPHPRU\ DQG
PHPRU\DFWLYDWLRQSDUDGLJPV
5HVXOWV7KH GDWD LQGLFDWH WKDW FDQQDELV UDWKHU WKDQ HFVWDV\ XVH SOD\V D
PDMRU UROH LQ WKH GHYHORSPHQW RI SV\FKRSDWKRORJLFDO PDQLIHVWDWLRQV LQ
XVHUSRSXODWLRQV ,QFRQWUDVWQHXURFRJQLWLYHGH¿FLWVSDUWLFXODUO\ OHDUQLQJ
DQG PHPRU\ LPSDLUPHQWV ZHUH FORVHO\ UHODWHG WR WKH H[WHQW RI SUHYL
RXV HFVWDV\ XVH 7KH I05, VWXGLHV GHPRQVWUDWHG GRVHGHSHQGHQW KLJKHU
SDULHWDO DFWLYDWLRQGXULQJDZRUNLQJPHPRU\ WDVNDQG ORZHUKLSSRFDPSDO
DFWLYDWLRQGXULQJDQDVVRFLDWLYHOHDUQLQJWDVNLQHFVWDV\XVHUVFRPSDUHGWR
FRQWUROV+RZHYHURXUORQJLWXGLQDOVWXG\IDLOHGWRVKRZVLJQL¿FDQWFRJQL
WLYH LPSURYHPHQW DIWHU SURORQJHG DEVWLQHQFHRU IXUWKHU GHWHULRUDWLRQZLWK
FRQWLQXHGXVHRIHFVWDV\
&RQFOXVLRQV&RJQLWLYH LPSDLUPHQW EXW QRW SV\FKRSDWKRORJLFDOPDQLIHV
WDWLRQV DUHFORVHO\ UHODWHG WR WKHH[WHQWRISUHYLRXVHFVWDV\XVH DQGPD\
WKHUHIRUH EH D FRQVHTXHQFH RI UHVLGXDO VHURWRQHUJLF QHXURWR[LFLW\ E\ WKLV
GUXJ +RZHYHU YDULRXV PHWKRGRORJLFDO SUREOHPV LQ RSHQ¿HOG VWXGLHV
ZLWKXVHUSRSXODWLRQV LQFOXGLQJ WKHXQNQRZQ³SUHGUXJVWDWXV´ WKHFRP
PRQSRO\GUXJXVHSDWWHUQVDQGRWKHUXQVSHFL¿FIDFWRUVHJJHQHUDOKHDOWK
EHKDYLRXUDOWHUHGVOHHSSDWWHUQVPDNHLWGLI¿FXOWWRGUDZ¿UPFRQFOXVLRQV
0RUH UHVHDUFKDQGSDUWLFXODUO\SURVSHFWLYH ORQJWHUPVWXGLHV DUHQHHGHG
LQRUGHUWRVKHGPRUHOLJKWRQWRWKHLVVXHVRIGHYHORSPHQWSURJUHVVLRQDQG
UHYHUVLELOLW\RIIXQFWLRQDOLPSDLUPHQWLQHFVWDV\XVHUV
5HIHUHQFHV
*RX]RXOLV0D\IUDQN ( HW DO  - 1HXURO 1HXURVXUJ 3V\FKLDWU\ 

*RX]RXOLV0D\IUDQN(HWDO3URJUHVV1HXUR3V\FKRSKDUPDFRO%LRO
3V\FKLDWU\
'DXPDQQ-HWDO3V\FKRSKDUPDFRORJ\
'DXPDQQ-HWDO%LRO3V\FKLDWU\
'DXPDQQ-HWDOLQSUHVV>(SXEDKHDGRISULQW@
*RX]RXOLV0D\IUDQN(HWDOLQSUHVV'UXJ$OFRKRO'HSHQ
6
7HPSHUDPHQWDVWKH,QWHUPHGLDWH/LQNEHWZHHQ*HQHWLF
9XOQHUDELOLW\DQG'UXJ'HSHQGHQFH
6
6HURWRQLQ7UDQVSRUWHU3URPRWHU3RO\PRUSKLVPLV$VVRFLDWHG
ZLWK3HUVRQDOLW\7UDLWV7HPSHUDPHQWDQG,OOHJDO'UXJV8VH
*LOEHUWR*HUUD
1DWLRQDO'HSDUWPHQWRQ'UXJ3ROLF\,WDO\
2EMHFWLYHV 6HURWRQLQ WUDQVSRUWHU SURPRWHU SRO\PRUSKLVP +77/35
JHQRW\SH ZDV SUHYLRXVO\ IRXQG DVVRFLDWHG ZLWK VXEVWDQFH XVH GLVRUGHUV
SDUWLFXODUO\LQWKHVXEMHFWVZLWKFRPRUELGDQWLVRFLDOEHKDYLRXUDQGSHUVRQ
DOLW\WUDLWVDWULVNIRUVXEVWDQFHDEXVH+DOOLNDLQHQHWDO$LPRIWKH
SUHVHQWVWXG\ZDVWRHYDOXDWHWKHSRVVLEOHDVVRFLDWLRQEHWZHHQ+77/35
JHQRW\SHDQGWKHDYDLODELOLW\WRH[SHULPHQWLOOHJDOGUXJVDPRQJDGROHVFHQWV
LQUHODWLRQVKLSZLWKSV\FKRORJLFDOFKDUDFWHULVWLFV
0HWKRGVFDXFDVLDQKLJKVFKRROVWXGHQWVDJHG\VDEVWLQHQW
VXEMHFWVZKRKDYHQHYHUH[SHULPHQWHGSV\FKRWURSLFGUXJVDQGH[SHUL
PHQWHUV RI LOOHJDO GUXJV KDYH EHHQ JHQRW\SHG$JJUHVVLYHQHVV OHYHOV DQG
WHPSHUDPHQWDOWUDLWVZHUHPHDVXUHGLQERWKDEVWLQHQWVXEMHFWVDQGH[SHUL
PHQWHUVXWLOL]LQJUHVSHFWLYHO\%XVV'XUNHH+RVWLOLW\,QYHQWRU\%'+,DQG
&ORQLQJHU7KUHHGLPHQVLRQDO3HUVRQDOLW\4XHVWLRQQDLUH734'DWDDERXW
VFKRROSHUIRUPDQFHKDYHEHHQDOVRFROOHFWHG
5HVXOWV7KHVKRUWVKRUW66JHQRW\SHIUHTXHQF\ZDVVLJQL¿FDQWO\KLJKHU
DPRQJ H[SHULPHQWHUV FRPSDUHG ZLWK DEVWLQHQW VXEMHFWV S    7KH
RGGV UDWLR IRU WKH66JHQRW\SHYV WKH ORQJORQJ //JHQRW\SH IUHTXHQF\
ZDV &O ZKHQ H[SHULPHQWHUVZHUH FRPSDUHGZLWK
DEVWLQHQW VWXGHQWV 7KH 66 JHQRW\SH IUHTXHQF\ ZDV VLJQL¿FDQWO\ KLJKHU
DPRQJ DJJUHVVLYHQRYHOW\ VHHNHU 16 H[SHULPHQWHUV ZLWK SRRU VFKRRO
DFKLHYHPHQWVFRPSDUHGZLWKGUXJVH[SHULPHQWHUVZLWKRXWDJJUHVVLYHQHVV
DQGVFKRROIDLOXUHS :KHQHYDOXDWHGRQWKHHQWLUHVDPSOH%'+,
PHDQWRWDOVFRUHV16VFRUHVDW734DQGVFKRROIDLOXUHIUHTXHQF\ZHUHVLJ
QL¿FDQWO\KLJKHULQ66LQGLYLGXDOVLQFRPSDULVRQZLWK//VXEMHFWV
&RQFOXVLRQV2XUGDWDVXJJHVWWKDWDGHFUHDVHGH[SUHVVLRQRIWKHJHQHHQ
FRGLQJWKH+77WUDQVSRUWHUGXHWR³6´SURPRWHUSRO\PRUSKLVPPD\EH
DVVRFLDWHGZLWKDQLQFUHDVHGDYDLODELOLW\WRH[SHULPHQWLOOHJDOGUXJVDPRQJ
DGROHVFHQWVSDUWLFXODUO\LQWKHVXEMHFWVZLWKPRUHFRQVLVWHQWDJJUHVVLYHQHVV
DQG16WHPSHUDPHQW$FFRUGLQJO\RXUSUHYLRXVVWXGLHVHYLGHQFHGDVLJQL¿
FDQWDVVRFLDWLRQRI66JHQRW\SHZLWKDJJUHVVLYHYLROHQWEHKDYLRXUDPRQJ
KHURLQDGGLFWHGLQGLYLGXDOV*HUUDHWDODQGZLWKORZSHUFHSWLRQRI
SDUHQWVDWWDFKPHQWDPRQJFRFDLQHXVHUV*HUUDHWDOXQSXEOLVKHGGDWD
5HIHUHQFHV
*HUUD *  $VVRFLDWLRQ EHWZHHQ ORZ DFWLYLW\ VHURWRQLQ WUDQVSRUWHU
JHQRW\SH DQG KHURLQ GHSHQGHQFH EHKDYLRUDO DQG SHUVRQDOLW\ FRUUHODWHV
1HXURSV\FKLDWULF*HQHWLFV%
+DOOLNDLQHQ7$VVRFLDWLRQEHWZHHQORZDFWLYLW\VHURWRQLQWUDQVSRUWHU
SURPRWHUJHQRW\SHDQGHDUO\RQVHWDOFRKROLVPZLWKKDELWXDOLPSXOVLYHYLR
OHQWEHKDYLRU0RO3V\FKLDWU\
"2!).¬&5.#4)/.¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
'RSDPLQHDQG*$%$5HFHSWRU*HQHV3HUVRQDOLW\DQG
$OFRKROLVP
(UQHVW31REOH
8QLYHUVLW\RI&DOLIRUQLD/RV$QJHOHV86$
2EMHFWLYHV7KHSULPDU\SXUSRVHRIWKLVDUWLFOHLVWRVKRZWKHUHLVDOLQNEH
WZHHQGRSDPLQHDQG*$%$UHFHSWRUJHQHVDQGDOFRKROLVPWKURXJKFHUWDLQ
SHUVRQDOLW\IDFWRUV
0HWKRGV7KH¿UVWVWXG\FRQVLVWHGRIDGROHVFHQWPDOHVZKRZHUHDGPLQLV
WHUHG WKH7ULGLPHQVLRQDO3HUVRQDOLW\4XHVWLRQQDLUH 734'GRSDPLQH
UHFHSWRU'5'DQG'GRSDPLQHUHFHSWRU'5'SRO\PRUSKLVPVZHUH
GHWHUPLQHG7KHVHFRQGVWXG\LQYROYHGDGROHVFHQWVZKRZHUHVRQVRIDOFR
KROLFVDQGQRQDOFRKROLFV7KH-XQLRU(\VHQFN3HUVRQDOLW\,QYHQWRU\-(3,
ZDVDGPLQLVWHUHGDQG'5'SRO\PRUSKLVPVZHUHGHWHUPLQHG7KHWKLUG
VWXG\ FRQVLVWHG RI PHQ DQG ZRPHQ GLDJQRVHG DV DOFRKROGHSHQGHQW DOO
KRVSLWDOL]HGEHFDXVHRIVHYHUHPHGLFDOFRQVHTXHQFHVRISHUVLVWHQWDOFRKRO
FRQVXPSWLRQ 3DWLHQWV FRPSOHWHG WKH 'ULQNLQJ ([SHFWDQF\ 3UR¿OH '(3
DQG WKH 'ULQNLQJ 5HIXVDO 6HOI(I¿FDF\ '56( '5' DQG *$%$$
UHFHSWRUȕVXEXQLW*$%5%SRO\PRUSKLVPVZHUHGHWHUPLQHG
5HVXOWV7KH¿UVW VWXG\ VKRZHG WKDW1RYHOW\6HHNLQJ 16 VFRUH RI WKH
734ZDVVLJQL¿FDQWO\KLJKHU LQER\VKDYLQJ LQFRPPRQDOO WKUHHPLQRU
DOOHOHV $ % DQG ,QWURQ   RI WKH '5' FRPSDUHG WR ER\V ZLWKRXW
DQ\RI WKHVH DOOHOHV%R\VZLWK WKH'5' UHSHDW 5 DOOHOH DOVRKDG D
VLJQL¿FDQWO\KLJKHU16VFRUH WKDQ WKRVHZLWKRXW WKLV DOOHOH+RZHYHU WKH
JUHDWHVWGLIIHUHQFHLQ16VFRUHZDVIRXQGZKHQER\VKDYLQJDOOWKUHHPLQRU
'5'DOOHOHVDQGWKH'5'5DOOHOHZHUHFRQWUDVWHGWRWKRVHZLWKRXWDQ\
RI WKHVHDOOHOHV ,Q VXPYDULDWLRQV LQ WKH'5'DQG WKH'5'JHQHVDUH
PRVW VWURQJO\ DVVRFLDWHG ZLWK 16 D SHUVRQDOLW\ IDFWRU SUHYLRXVO\ IRXQG
WR EH DVVRFLDWHG ZLWK VHYHUH DOFRKROLVP DQG K\SRWKHVL]HG WR LQYROYH WKH
GRSDPLQHV\VWHP
7KH UHVXOWVRI WKHVHFRQGVWXG\VKRZHG WKDWFKLOGUHQZKRFDUU\DOO WKUHH
PLQRUDOOHOHV$%DQG,QWURQRIWKH'5'FRPSDUHGWRWKRVHZLWK
RXWWKHVHDOOHOHVKDYHVLJQL¿FDQWO\KLJKHU([WUDYHUVLRQDSHUVRQDOLW\IDFWRU
VLPLODUWR16VFRUHVRIWKH-(3,ZKHQWKH\UHVLGHLQDQDOFRKROLFKRPHWKDQ
WKRVHZKRGRQ¶W+RZHYHUFKLOGUHQZLWKWKHWKUHHPDMRUDOOHOHVRIWKH'5'
JHQH$%DQG,QWURQVKRZHGDQRSSRVLWHSDWWHUQLQWKHH[SUHVVLRQRI
([WUDYHUVLRQ7KDWLVWKHVHFKLOGUHQVKRZHGJUHDWHU([WUDYHUVLRQZKHQWKH\
UHVLGH LQDQRQDOFRKROLFKRPH WKDQZKHQ WKHGRQRW ,QVXP WKHSUHVHQW
¿QGLQJV VKRZ WKDW FKLOGUHQZLWK GLIIHUHQW JHQRW\SHV UHVSRQG LQ RSSRVLWH
ZD\VLQWKHVDPHHQYLURQPHQW
7KHWKLUGVWXG\VKRZHGWKDWDOFRKROGHSHQGHQWSDWLHQWVZLWKWKH'5'$
DOOHOHFRPSDUHGWRWKRVHZLWKRXWWKLVDOOHOHDQGSDWLHQWVZLWKWKH*$%5%
* DOOHOH FRPSDUHG WR WKRVH ZLWKRXW WKLV DOOHOH KDG VLJQL¿FDQWO\ ORZHU
'56(LQVLWXDWLRQVRIVRFLDOSUHVVXUH0RUHRYHUSDWLHQWVZLWKWKH*$%5%
*DOOHOH VKRZHGVWURQJHU$( UHODWLQJ WRQHJDWLYHDIIHFWLYHFKDQJH HJ
LQFUHDVHGGHSUHVVLRQWKDQWKHLUFRXQWHUSDUWVZKRGLGQRWKDYHWKLVDOOHOH
&RQFOXVLRQV,WKDVEHHQVKRZQSUHYLRXVO\WKDWYDULDQWVRIWKH'5'JHQH
DQG WKH *$%55% JHQH DUH DVVRFLDWHG ZLWK DOFRKROLVP 7KH SUHVHQW
VWXGLHV VKRZ WKDW WKLV DVVRFLDWLRQ LV OLQNHG WKURXJK FHUWDLQ SHUVRQDOLW\
EHKDYLRUDOIDFWRUV
5HIHUHQFHV
&ORQLQJHU&5 $ V\VWHPDWLFPHWKRG IRU FOLQLFDO GHVFULSWLRQ DQG
FODVVL¿FDWLRQRISHUVRQDOLW\YDULDQWV$SURSRVDO$UFKLYHVRI*HQHUDO3V\
FKLDWU\
1REOH(3HWDO'DQG'GRSDPLQHUHFHSWRUSRO\PRUSKLVPDQG
SHUVRQDOLW\$PHULFDQ-RXUQDORI0HGLFDO*HQHWLFV
(\VHQFN6%*0DQXDOIRUWKH-XQLRU(\VHQFN3HUVRQDOLW\,QYHQ
WRU\6DQ'LHJR(GXFDWLRQDODQG,QGXVWULDO7HVWLQJ6HUYLFH
<RXQJ 50F' 2HL 736  0DQXDO IRU WKH 'ULQNLQJ ([SHFWDQF\
3UR¿OH%HKDYLRXU5HVHDUFKDQG7KHUDS\&HQWUH%ULVEDQH
1REOH(3HWDO'GRSDPLQHUHFHSWRUDQG*$%$$UHFHSWRUȕ
VXEXQLWJHQHVDQGDOFRKROLVP3V\FKLDWU\5HVHDUFK
&ORQLQJHU&51HXURJHQHWLFDGDSWLYHPHFKDQLVPVLQDOFRKROLVP
6FLHQFH
2]NDUDJR]7DQG1REOH(3([WUDYHUVLRQ,QWHUDFWLRQEHWZHHQ'
GRSDPLQH UHFHSWRU SRO\PRUSKLVPV DQG SDUHQWDO DOFRKROLVP$OFRKRO 

<RXQJ50F'HWDO$OFRKROUHODWHGH[SHFWDQFLHVDUHDVVRFLDWHG
ZLWKWKH'GRSDPLQHUHFHSWRUDQG*$%$$UHFHSWRUȕVXEXQLWJHQHV3V\
FKLDWU\5HVHDUFK
1REOH(37KH'GRSDPLQHUHFHSWRUJHQHLQSV\FKLDWULFDQGQHX
URORJLFGLVRUGHUVDQGLWVSKHQRW\SHVDUHYLHZ$PHULFDQ-RXUQDORI0HGLFDO
*HQHWLFV%
6RQJ%HWDO$VVRFLDWLRQRI*$%$$UHFHSWRUVDQGDOFRKROGH
SHQGHQFHDQGWKHHIIHFWVRIJHQHWLFLPSULQWLQJ$PHULFDQ-RXUQDORI0HGLFDO
*HQHWLFV1HXURSV\FKLDWULF*HQHWLFV%
6
7KH*HQHWLF%DFNJURXQGRI7HPSHUDPHQW7UDLWVDQG6XEW\SHV
RI$OFRKRO'HSHQGHQW6XEMHFWV
8OULFK:3UHXVV
-RKDQQD2GHEUHFKW6WLIWXQJ*UHLIVZDOG*HUPDQ\
3HWHU=LOO*DEULHOH.ROOHU*0LULDP%RWWOHQGHU%ULJLWWD%RQG\
0LFKDHO6R\ND
2EMHFWLYHV7HPSHUDPHQWWUDLWVZHUHVXJJHVWHGWRGLIIHUEHWZHHQVXEW\SHV
RI DOFRKROLFV HJ%DERU W\SH$% DQG DUH VXEMHFW WR VLJQL¿FDQW JHQHWLF
LQÀXHQFH ,WKDVEHHQVXJJHVWHG WKDW WHPSHUDPHQW WUDLWVDUH LQÀXHQFHGE\
VHYHUDOQHXURWUDQVPLWWHUV\VWHPVLQFOXGLQJWKHQRUDGUHQHUJLFVHURWRQHUJLF
DQGGRSDPLQHUJLFV\VWHPV7KHDLPRIWKLVDQDO\VLVLVWRFRQ¿UPGLIIHUHQFHV
RI WHPSHUDPHQW WUDLWVEHWZHHQ7\SH$%DOFRKROLFVXEMHFWVDQGDVVHVV WKH
LQÀXHQFHRIVHYHUDOJHQHWLFYDULDQWVRIFDQGLGDWHQHXURWUDQVPLWWHUV\VWHPV
SRWHQWLDOO\ LQYROYHG LQ WKH HWLRORJ\ RI WHPSHUDPHQW WUDLWV VHURWRQHUJLF
+7% GRSDPLQHUJLF '5' QRUDGUHQHUJLF 1(7 DQG RSLRLGHUJLF
2350V\VWHPV
0HWKRGV DOFRKROGHSHQGHQW VXEMHFWVZHUH UHFUXLWHG IURPDQDOFRKRO
WUHDWPHQWZDUG&KDUDFWHULVWLFVRIDOFRKROGHSHQGHQFHLQFOXGLQJ¿YHFKDU
DFWHULVWLFVWRGHWHUPLQHW\SH$%VXEW\SHVZHUHDVVHVVHGXVLQJDVWUXFWXUHG
LQWHUYLHZ66$*$6HPL6WUXFWXUHG$VVHVVPHQWIRUWKH*HQHWLFVRI$OFR
KROLVP7DNLQJ66$*$GDWDFRPSRVLWHVFDOHVZHUHFDOFXODWHGIRUWKH¿YH
FKDUDFWHULVWLFVDQGGLFKRWRPL]HGXVLQJPHGLDQVSOLW6XEMHFWVZHUHVXEW\SHG
DFFRUGLQJ WR W\SH$ RU% LI WKH\PHW WKUHH RUPRUH RI WKH GLFKRWRPL]HG
VFRUHVFULWHULDXSSHUKDOI W\SH%ORZHUKDOIW\SH$7HPSHUDPHQWWUDLWV
ZHUHDVVHVVHGXVLQJ WKH7HPSHUDPHQWDQG&KDUDFWHU ,QYHQWRU\ 7&,$O
OHOHVRIFDQGLGDWHJHQHVZHUHGHWHUPLQHGE\3&5
5HVXOWV+LJKHU 6FRUHV RI QRYHOW\ VHHNLQJ DQG KDUP DYRLGDQFHZHUH GH
WHFWHG LQ W\SH % DOFRKROGHSHQGHQW VXEMHFWV 6LJQL¿FDQW LQÀXHQFHV ZHUH
GHWHFWHGIURP'5'2350DQG+7%JHQHWLFYDULDQWVRQQRYHOW\VHHNLQJ
DQGUHZDUGGHSHQGHQFHZKLFKZHUHPRUHSURQRXQFHGLQW\SH$DOFRKROLFV
&RQFOXVLRQV$ QXPEHU RI FRPPRQ JHQHWLF YDULDQWV LQ FDQGLGDWH QHXUR
WUDQVPLWWHUV\VWHPVPLJKWLQÀXHQFHWHPSHUDPHQWWUDLWV LQDOFRKROGHSHQG
HQWVXEMHFWVDQGFRQWULEXWHWRDKLJKHUULVNIRUDOFRKROGHSHQGHQFHLQWKHVH
LQGLYLGXDOV
6
'5'*HQHDQG&RJQLWLYH,PSXOVLYHQHVVLQ$OFRKROLVP
3KLOLS*RUZRRG
)UDQFH
7KH JHQH FRGLQJ IRU WKH GRSDPLQH UHFHSWRU' LV FRQVLGHUHG DV DPDMRU
FDQGLGDWHJHQH LQYDULRXVDGGLFWLYHGLVRUGHUV$VVRFLDWLRQVWXGLHV LQDOFR
KROGHSHQGHQFH IRU WKLVJHQHDUHQHYHUWKHOHVVFRQWURYHUVLDO:HPDGH WKH
K\SRWKHVLVWKDWSKHQRW\SLFDOKHWHURJHQHLW\RIDOFRKROGHSHQGHQFHLH WKH
'5'JHQHLVDYXOQHUDELOLW\JHQHLQDVSHFL¿FVXEJURXSRISDWLHQWVRQO\
FRXOGH[SODLQWKHVHVSXULRXV¿QGLQJVIRFXVLQJRQDFRUHGLPHQVLRQRIDG
GLFWLYHGLVRUGHUVQDPHO\LPSXOVLYHQHVV,QDQLQLWLDOVDPSOHRI)UHQFK
DOFRKROGHSHQGHQWSDWLHQWVSDWLHQWVDERYH WKHPHGLDQYDOXH IRUFRJQLWLYH
LPSXOVLYHQHVVRQHRIWKHWKUHHGLPHQVLRQVRIWKH%DUUDWWVFDOHZHUHPRUH
IUHTXHQWO\ KHWHUR]\JRXV WKDQ ERWK DOFRKROGHSHQGHQW SDWLHQWV ZLWK ORZHU
LPSXOVLYHQHVV25 S DQGWKDQKHDOWK\FRQWUROV25 
S $JHDWLQWHUYLHZDQWLVRFLDOSHUVRQDOLW\GLVRUGHURWKHUFRPRUELG
DGGLFWLYHGLVRUGHUDJHDWRQVHWRIDOFRKROGHSHQGHQFHDQGOLIHWLPHPRRG
GLVRUGHUVGLGQRWFRQVWLWXWHFRQIXVLQJLQWHUPHGLDWHIDFWRUV
"2!).¬&5.#4)/.¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
7KH5ROHRI*OXWDPDWHIRUWKH,QWHJUDWLRQRIWKH%UDLQ
/LPELF)URQWDO,QWHUDFWLRQVDQG*OXWDPDWH
6
'RSDPLQH*OXWDPDWH,QWHUDFWLRQVLQ6FKL]RSKUHQLD
0DUF/DUXHOOH
&ROXPELD8QLYHUVLW\1HZ<RUN6WDWH3V\FKLDWULF,QVWLWXWH86$
6HYHUDOOLQHVRIHYLGHQFHVXJJHVWWKDWVFKL]RSKUHQLDLVDVVRFLDWHGZLWKWZR
PDMRU QHXURFKHPLFDO LPEDODQFHV DQ H[FHVV RI VXEFRUWLFDO GRSDPLQHUJLF
WUDQVPLVVLRQDWWKH'UHFHSWRUDQGDGH¿FLHQF\RIJOXWDPDWHWUDQVPLVVLRQ
DWWKH10'$UHFHSWRU
(YLGHQFH IRU D GRSDPLQHUJLF H[FHVV GHULYHV IURP WKH ' DQWDJRQLVP RI
DQWLSV\FKRWLFV DQG WKH SV\FKRWRJHQLF HIIHFWV RI VXVWDLQHG H[SRVXUH WR
GRSDPLQHHQKDQFLQJGUXJVVXFKDVDPSKHWDPLQH7KLVH[FHVVGRSDPLQHUJLF
DFWLYLW\ KDV UHFHQWO\ EHHQGLUHFWO\ FRQ¿UPHGE\ D QXPEHU RI EUDLQ LPDJ
LQJ VWXGLHV WKDW VKRZHG HOHYDWHG )'23$ DFFXPXODWLRQ HOHYDWHG DP
SKHWDPLQHLQGXFHG'$UHOHDVHDQGLQFUHDVHGRFFXSDQF\RI'UHFHSWRUVE\
GRSDPLQHLQXQWUHDWHGSDWLHQWVZLWKVFKL]RSKUHQLD7KHGDWDDUHFRQVLVWHQW
ZLWKDVWDWHRIHQGRJHQRXVVHQVLWL]DWLRQRIWKH'$V\VWHPLQVFKL]RSKUHQLD
2QWKHRWKHUKDQGH[SRVXUHWRVXEDQHVWKHWLFGRVHVRI10'$DQWDJRQLVWV
VXFKDVNHWDPLQHLQGXFHVDSV\FKRWLFVWDWHFKDUDFWHUL]HGQRWRQO\E\SRVL
WLYHV\PSWRPVEXWDOVRE\WKRXJKWGLVRUJDQL]DWLRQDQGQHJDWLYHV\PSWRPV
SURYLGLQJDPRUHFRPSUHKHQVLYHSKDUPDFRORJLFDOPRGHORIVFKL]RSKUHQLD
5HFHQW DGYDQFHV LQ LPDJLQJ VWXGLHV HQDEOH EULGJLQJ WKH GRSDPLQH DQG
10'$ K\SRWKHVLV RI VFKL]RSKUHQLD LQWR RQH FRPPRQ FRQFHSWXDO IUDPH
ZRUNXQGHUUHVWLQJFRQGLWLRQ'$DFWLYLW\LVQRWPDUNHGO\GLVWXUEHGE\
DFXWHDGPLQLVWUDWLRQRIWKH10'$DQWDJRQLVWNHWDPLQHXQGHUFRQGLWLRQV
RIHQKDQFHG'$DFWLYLW\VXFKDVIROORZLQJDPSKHWDPLQHFKDOOHQJHEORFN
DJHRI10'$WUDQVPLVVLRQLQKHDOWK\YROXQWHHUVUHVXOWVLQH[FHVVDPSKHWD
PLQHLQGXFHG '$ UHOHDVH  DFXWH DGPLQLVWUDWLRQ RI P*/8U  DJRQLVWV
KDVVLPLODUHIIHFWRQDPSKHWDPLQHLQGXFHG'$UHOHDVH7KHVHGDWDVXJJHVW
WKDWVWLPXODWHG'$DFWLYLW\LVQRUPDOO\XQGHUFRQWURORID10'$PHGLDWHG
LQKLELWRU\ LQÀXHQFH:H SURSRVH WKDW LQ VFKL]RSKUHQLD 10'$ UHFHSWRU
K\SRIXQFWLRQPLJKW EH LPSOLFDWHG LQ GH¿FLHQW FRQWURO RI'$ FHOO DFWLYLW\
DQGH[FHVV'$UHOHDVHXQGHUVWUHVVIXOFRQGLWLRQV7KLVH[FHVV'$DFWLYLW\
LQGXFHVVHQVLWL]DWLRQRIPHVROLPELF'$SURMHFWLRQVDQGLIVXVWDLQHGHPHU
JHQFH RI QHXURQDO ORRSV ZLWKLQ FRUWLFDOVWULDWDOWKDODPLFFRUWLFDO FLUFXLWV
WKDWXQGHUOLHWKHSV\FKRWLFH[SHULHQFH
6
+\SRJOXWDPDWHUJLF+\SRWKHVLV$*HQHWLF6WXG\2Q
6FKL]RSKUHQLD
0DVDQDUL,WRNDZD
7RN\R,QVWLWXWHRI3V\FKLDWU\-DSDQ
2EMHFWLYHV3URJUHVVRIJHQHWLFVWXGLHVRQVFKL]RSKUHQLDGXULQJUHFHQWWHQ
\HDUVKDVSURYLGHGVHYHUDOUHSOLFDWHGOLQNDJHORFLRQFHUWDLQFKURPRVRPDO
UHJLRQV 6XVFHSWLEOH OLQNDJH ORFL RI VFKL]RSKUHQLD ZHUH ORFDWHG RQPDQ\
FKURPRVRPHV$IHZJHQHVKDYHEHHQGHWHFWHGLQUHJLRQVRIWKHUHSHDWHGO\
UHSRUWHGOLQNDJHORFL7KRVHPLJKWEHDOOLQYROYHGLQJOXWDPDWHUJLFQHXUR
WUDQVPLVVLRQ+\SRIXQFWLRQRIWKH1PHWK\O'DVSDUWDWH10'$UHFHSWRU
KDV EHHQ K\SRWKHVL]HG WR XQGHUOLH WKH SDWKRSK\VLRORJ\ RI VFKL]RSKUHQLD
EDVHG RQ WKH REVHUYDWLRQ WKDW QRQFRPSHWLWLYH DQWDJRQLVWV RI WKH10'$
UHFHSWRUVXFKDVSKHQF\FOLGLQHLQGXFHVFKL]RSKUHQLDOLNHV\PSWRPV0LFH
ODFNLQJWKH15$VXEXQLWRIWKH10'$UHFHSWRUFRPSOH[DUHNQRZQWRGLV
SOD\DEQRUPDOEHKDYLRUVLPLODUWRVFKL]RSKUHQLFV\PSWRPV7KHH[SUHVVLRQ
RI15$VWDUWVDWSXEHUW\DSHULRGWKDWFRUUHVSRQGVWRWKHFOLQLFDORQVHWRI
VFKL]RSKUHQLD7KLVHYLGHQFHVXJJHVWVWKDWWKH15$*5,1$JHQHPD\
SOD\DUROHLQWKHGHYHORSPHQWRIVFKL]RSKUHQLDDQGGLVHDVHSKHQRW\SHV
0HWKRGV:HSHUIRUPHGJHQHWLFDQDO\VLVRI*5,1$JHQHLQVFKL]RSKUHQLD
7KHH[RQVVSOLFHERXQGDULHVDQG¶XSVWUHDPUHJLRQRIWKH*5,1$JHQH
IURPXQUHODWHGVFKL]RSKUHQLFVZHUHVFUHHQHGIRUSRO\PRUSKLVPVE\GL
UHFWVHTXHQFLQJRI3&5SURGXFWV$FDVHFRQWUROVWXG\ZDVSHUIRUPHGXVLQJ
 VFKL]RSKUHQLFV DQG FRQWUROV:H LQYHVWLJDWHG D SRO\PRUSKLVP LQ
¶ UHJXODWRU\ UHJLRQ RI WKH JHQHZLWK LQ YLWUR SURPRWHU DVVD\ DQG UHFHS
WRU ELQGLQJ DVVD\ LQ SRVWPRUWHP EUDLQV 6HYHULW\ RI WKH V\PSWRPV LQ 
VFKL]RSKUHQLDZKRKDGEHHQWUHDWHGPRUHWKDQ\HDUVZDVDVVHVVHGXVLQJ
3$166DQGDVVRFLDWLRQEHWZHHQFKURQLFRXWFRPHDQGSRO\PRUSKLVPRIWKH
*5,1$ZDVVWXGLHG
5HVXOWV:HGHWHFWHGIRXUVLQJOHQXFOHRWLGHSRO\PRUSKLVPVDQGDYDULDEOH
*7QUHSHDWLQWKHSURPRWHUUHJLRQRIWKHJHQH$FDVHFRQWUROVWXG\VKRZHG
HYLGHQFHRIDVVRFLDWLRQEHWZHHQWKHUHSHDWSRO\PRUSKLVPDQGWKHGLVHDVH3
 ZLWKORQJHUDOOHOHVRYHUO\UHSUHVHQWHGLQSDWLHQWV$QLQYLWURSUR
PRWHUDVVD\UHYHDOHGDOHQJWKGHSHQGHQWLQKLELWLRQRIWUDQVFULSWLRQDODFWLYLW\
E\WKH*7QUHSHDWZKLFKZDVFRQVLVWHQWZLWKDUHFHSWRUELQGLQJDVVD\LQ
SRVWPRUWHPEUDLQV6LJQL¿FDQWO\WKHVFRUHRIV\PSWRPVHYHULW\LQFKURQLF
SDWLHQWVFRUUHODWHGZLWKUHSHDWVL]H3 E\6SHDUPDQ¶V5DQNWHVW
&RQFOXVLRQV7KHVH UHVXOWV LOOXVWUDWH D JHQRW\SHSKHQRW\SH FRUUHODWLRQ LQ
VFKL]RSKUHQLDDQGVXJJHVWWKDWWKHORQJHU*7QVWUHWFKPD\DFWDVDULVN
FRQIHUULQJIDFWRUWKDWZRUVHQVFKURQLFRXWFRPHE\UHGXFLQJ*5,1$OHYHOV
LQWKHEUDLQ
6
10'$5HFHSWRU'6HULQHDQG6FKL]RSKUHQLD
7RUX1LVKLNDZD
7RN\R0HGLFDODQG'HQWDO8QLYHUVLW\7RN\R-DSDQ
2EMHFWLYHV (YLGHQFH KDV EHHQ DFFXPXODWHG LQGLFDWLQJ WKDW UHGXFHG
JOXWDPDWH QHXURWUDQVPLVVLRQ YLD WKH 1PHWK\O'DVSDUWDWH 10'$ W\SH
JOXWDPDWH UHFHSWRU PD\ EH LQYROYHG LQ WKH SDWKRSK\VLRORJ\ RI VFKL]R
SKUHQLDEHFDXVHSKHQF\FOLGLQHDQGRWKHUSRWHQW10'$DQWDJRQLVWVFDXVH
VFKL]RSKUHQLDOLNH SV\FKRVLV FRQVLVWLQJ RI ERWK DQWLSV\FKRWLFUHVSRQVLYH
DQGUHVLVWDQWV\PSWRPDWRORJ\7RREWDLQIXUWKHULQVLJKWLQWRWKHJOXWDPDWH
K\SRWKHVLV RI VFKL]RSKUHQLD ZH KDYH LQYHVWLJDWHG WKH SK\VLRORJLFDO DQG
SDWKRSK\VLRORJLFDO UROHV RI WKH JO\FLQH PRGXODWRU\ VLWH RI WKH JOXWDPDWH
UHFHSWRULWVOLJDQGV
0HWKRGV$VPRGHO RI SV\FKRWLF V\PSWRPV ORFRPRWRU DFWLYLW\ DQG VWHU
HRW\S\ LQ WKH UDWVZHUH HYDOXDWHG DIWHU GUXJ DGPLQLVWUDWLRQ0RQRDPLQHV
DQGWKHLUPHWDEROLWHVDQGFKLUDODQGQRQFKLUDODPLQRDFLGVZHUHTXDWL¿HG
E\+3/&ZLWKHOHFWURFKHPLFDODQGÀXRURPHWULFGHWHFWLRQUHVSHFWLYHO\)RU
H[SORUDWLRQRI'VHULQHUHODWHGPROHFXOHVDGLIIHUHQWLDOFORQLQJWHFKQLTXH
51$ DUELWUDULO\ SULPHG 3&5 DQG VHYHUDO TXDQWLWDWLYH 573&5 PHWKRGV
ZHUHXVHG
5HVXOWV$VHOHFWLYHDJRQLVWRIWKHJO\FLQHPRGXODWRU\VLWH'VHULQHLQKLE
LWHG SKHQF\FOLGLQHLQGXFHG DEQRUPDO EHKDYLRU DQG DQ LQFUHDVH LQ FRUWLFDO
GRSDPLQH PHWDEROLVP LQ WKH URGHQWV 0RUHRYHU ZH KDYH GHPRQVWUDWHG
WKDW'VHULQHLVDQHQGRJHQRXVVXEVWDQFHLQPDPPDOVWKDWVKRZVDEUDLQ
VHOHFWLYHDQG10'$UHFHSWRUUHODWHGGLVWULEXWLRQDOWKRXJK'DPLQRDPLQR
DFLGVKDGORQJEHHQEHOLHYHGWREHXQFRPPRQLQPDPPDOLDQWLVVXHV%UDLQ
'VHULQHKDVEHHQIRXQGWREHOLEHUDWHGWRWKHH[WUDFHOOXODUÀXLGEXWGRHV
QRW DSSHDU WR DFW DV D QHXURWUDQVPLWWHU EHFDXVH WKH H[WUDFHOOXODU UHOHDVH
LV WHWURGRWR[LQUHVLVWDQW DQG LV QRW LQFUHDVHG E\ GHSRODUL]DWLRQ VWLPXOL
0RUHRYHU WKH V\QDSWRVRPDO 3 IUDFWLRQ SUHSDUHG IURP WKH EUDLQ LV DEOH
WR DFFXPXODWH'VHULQH LQ D WHPSHUDWXUHGHSHQGHQWPDQQHU ,QKLELWLRQ RI
JO\FLQH FOHDYDJH V\VWHP DFWLYLW\ UHVXOWV LQ D UHGXFWLRQ LQ WLVVXH'VHULQH
FRQWHQWV LQ WKHEUDLQZKLOHV\VWHPLFDGPLQLVWUDWLRQRI/VHULQHRUJO\FLQH
DXJPHQWV WKH EUDLQ OHYHOV RI'VHULQH )LQDOO\ZH KDYH UHFHQWO\ LVRODWHG
QRYHO UDW JHQHVGVU DQGGVU IURP WKHQHRFRUWH[ WKDW DUH UHVSRQVLYH WR
'VHULQHEXWQRWWR/VHULQH
&RQFOXVLRQV7KHVHREVHUYDWLRQVVXJJHVWWKDWHQGRJHQRXV'VHULQHPD\EH
DQLQWULQVLFDJRQLVWIRUWKHJO\FLQHVLWHRIWKH10'$UHFHSWRUDQGFRXOGEH
G\VUHJXODWHG LQ WKH EUDLQV RI D JURXS RI VFKL]RSKUHQLF SDWLHQWV7RJHWKHU
ZLWKWKHDPHOLRUDWLQJHIIHFWVRI'VHULQHRQSRVLWLYHDQGQHJDWLYHV\PSWRPV
RI VFKL]RSKUHQLFSDWLHQWV LW LV DOVRSURSRVHG WKDW WKHJO\FLQH VLWH DQG WKH
PHWDEROLFSDWKZD\VRIHQGRJHQRXV'VHULQHFRXOGEHVXLWDEOHWDUJHWVIRUWKH
GHYHORSPHQWRIDQRYHOFODVVRIDQWLSV\FKRWLFGUXJV
6
'HYDVWDWLQJ(IIHFWRI*OXWDPDWHLQ*/7RU*/$67.20LFH
1RULNR7VXUX
0L\D]DNL0HGLFDO&ROOHJH0L\D]DNL8QLYHUVLW\-DSDQ
$LPV7KH JOXWDPDWH JOX WKHRU\ LQFRUSRUDWHV VHYHUDO DVSHFWV RI VFKL]R
SKUHQLD VF10'$DQWDJRQLVWV SURGXFH SRVLWLYH DQG QHJDWLYH SV\FKRWLF
SKHQRPHQD VLPLODU WR VFKL]RSKUHQLD .HWDPLQH EORFNV WKH UROH RI WKH
DP\JGDOD$P7KHUHDUHGLUHFWDQGELGLUHFWLRQDOFRQQHFWLRQVEHWZHHQ
"2!).¬&5.#4)/.¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
$PDQG IURQWDO FRUWH[ )&[ 7KH OLPELF IURQWDO FRUUHODWLRQ /)&
LV UHÀHFWHG LQ WKH FURVVFRUUHODWLRQ RI ((* */7 DQG */$67 DUH ERWK
DVWURJOLDOJOXWUDQVSRUWHUVWKDWPDLQWDLQDSSURSULDWHOHYHOVRIJOX:HSUHYL
RXVO\UHSRUWHGWKDWH[WUDFHOOXODUJOXFRQFHQWUDWLRQLQFUHDVHGGXULQJVHL]XUHV
LQERWKKLSSRFDPSLDIWHUNLQGOLQJ:HUHFRUGHG WKH((*EHIRUHDQGDIWHU
NLQGOLQJLQFRQWURODQG*/$67.2PLFHRU*/7.2PLFHDQGH[DPLQHG
WKHFURVVFRUUHODWLRQRI((*EHWZHHQ$PDQG)&[XQGHUWKHSHUPLVVLRQRI
WKHXQLYHUVLW\DQLPDOVWXG\FRPPLWHH
0HWKRGV &RQWURO DQG */7 RU */$67 .2PLFH ZHUH LPSODQWHG ZLWK
HOHFWURGHV XQGHU SHQWREDUELWDO DQHVWKHVLD 'DLO\ VWLPXODWLRQV RI WKH ULJKW
5$PZHUHGRQHRQFHSHUGD\IRUHDFKDQLPDO7KH((*RIWKH$PDQG
)&[ZDVUHFRUGHGEHIRUHDQGDIWHUNLQGOLQJ
5HVXOWV 6SRQWDQHRXV HSLOHSWLIRUP VSLNHV 6(3 DSSHDUHG DIWHU VHYHUDO
VWLPXODWLRQVRI WKH$PLQFRQWUROV7KH6(3DSSHDUHGHDUO\ LQ*/7.2
PLFHKRZHYHU WKHUHDIWHU6(3DVZHOODVWKHDIWHUGLVFKDUJH$'VXUSULV
LQJO\GLVDSSHDUHGDW5$P,Q*/$67.2PLFHHDUO\DSSHDUDQFHRI6(3
RFFXUUHGDW5$PDQGLQFUHDVHGUDSLGO\KRZHYHULWGHFD\HGLQWKHODWHVWDJHV
RINLQGOLQJ7KHFURVVFRUUHODWLRQRI((*EHWZHHQ5$PDQG5)&[LQFUHDVHG
DIWHUNLQGOLQJLQFRQWUROVKRZHYHULWGHFUHDVHGGUDVWLFDOO\LQ*/$67.2
PLFH7KHHDUO\IUHTXHQW6(3DQGODWHGLVDSSHDUDQFHRI6(3DQG$'LQ*/7
.2PLFHDQGGHFUHDVHG/)&LQ*/$67.2PLFHGHVFULEHGDERYHPLJKW
EHFDXVHGE\WKHGHYDVWDWLQJHIIHFWRIH[WUHPHJOXUHOHDVH
&RQFOXVLRQV7KHVHUHVXOWVVXJJHVW WKDWK\SHUH[FLWDELOLW\DW WKHEHJLQQLQJ
RINLQGOLQJLVGLVSOD\HGE\HDUO\IUHTXHQW6(3DQGLVIROORZHGE\ODWHUK\SR
IXQFWLRQRIJOXWDPDWHUJLFQHXURQVLQ*/7.2PLFHDQGWKDWJOXWDPDWHUJLF
K\SRIXQFWLRQLVVKRZQE\GHFUHDVHG/)&LQ*/$67.2PLFH:HUHSRUWWKH
SURJUHVVLYHGHWHULRUDWLRQRINLQGOHG$'LQWKH5$PLQ*/7.2PLFHDQG
WKHGHFUHDVHG/)&DIWHUNLQGOLQJLQJOXWUDQVSRUWHU*/$67.2PLFH7KH
OLPELFIURQWDOIXQFWLRQLVUHÀHFWHGLQWKHFURVVFRUUHODWLRQRI$PDQG)&[
7KHYXOQHUDELOLW\RIWKHJOXWDPDWHUJLFV\VWHPLQ*/$67RU*/7.2PLFH
PD\EHUHODWHGWRWKHK\SRIXQFWLRQRIOLPELFIURQWDOIXQFWLRQDVVHHQLQ6F
6
7K\URLG,PPXQLW\DQGWKH%UDLQ
6
+\SRDQG+\SHUWK\UR[LQHPLDGXULQJ*HVWDWLRQLQ5HODWLRQWR
,QFUHDVHG6\PSWRPV
9LFWRU-03RS
7LOEXUJ8QLYHUVLW\'HSDUWPHQWRI+HDOWK3V\FKRORJ\1HWKHUODQGV
+HQQLH:LMQHQ+XLE/9DGHU*HUDUG*(VVHG
2EMHFWLYHV WR DVVHVVZKHWKHU WK\URLG KRUPRQH OHYHOV LQ WKH KLJKHVW WK
DQGRUWKHORZHVWWKSHUFHQWLOHDUHDVVRFLDWHGZLWKLQFUHDVHGV\PSWRPV
GXULQJJHVWDWLRQ
0HWKRGV SURVSHFWLYH IROORZXS VWXG\ RI  SUHJQDQW ZRPHQ RI WKH
JHQHUDOSRSXODWLRQLQZKRPWK\URLGIXQFWLRQZDVDVVHVVHGDWDQG
ZHHNV¶JHVWDWLRQ6\PSWRPVZHUHDVVHVVHGXVLQJWKH6&/RI'HURJDWLV
VXEVFDOHDQ[LHW\VOHHSLQJSUREOHPVDQGVRPDWLFV\PSWRPV
5HVXOWVORZHVWWKDQGKLJKHVWWKSHUFHQWLOHRI)7GHFUHDVHGIURP
DQGZHHNV¶JHVWDWLRQIURPWRWRSPROODQGIURP
WRWRUHVSHFWLYHO\8SWRRIZRPHQZLWKK\SRK\SHUWK\UR[
LQHPLDGLGKDYH76+OHYHOVZLWKLQUHIHUHQFHUDQJHV
&RPSDUHG WR ZRPHQ ZLWK )7 LQ WKH WK WR WK SHUFHQWLOHV HXWK\UR[
LQHPLD ZRPHQ ZLWK K\SRWK\UR[LQHPLD KDG VLJQL¿FDQWO\ KLJKHU DQ[LHW\
VFRUHV WWHVW DQGPRUH VOHHSLQJSUREOHPV&RPSDUHG WR HXWK\UR[LQHPLD
ZRPHQZLWKK\SHUWK\UR[LQHPLDKDGVLJQL¿FDQWO\KLJKHUVFRUHVRQWKHLWHPV
YRPLWLQJWUHPRUVDQGKHDUWSDOSLWDWLRQV7KHVHGLIIHUHQFHVZHUHQRWIRXQG
LQZRPHQVXIIHULQJIURPVXEFOLQLFDOK\SHURUK\SRWK\URLGLVPDIWHUFRUUHF
WLRQIRUWKH)7VWDWXV
&RQFOXVLRQVWKH)7UDWKHUWKDQWKH76+FRQFHQWUDWLRQVGXULQJJHVWDWLRQV
DUHDVHQVLWLYHPDUNHURILQFUHDVHGV\PSWRPV
6
7K\URLG0HWDEROLVPDQGWKH&OLQLFDO&RXUVHRI$IIHFWLYH
,OOQHVV
0LFKDHO%DXHU
&KDULWp8QLYHUVLW\0HGLFLQH%HUOLQ&DPSXV0LWWH&&0%HUOLQ
*HUPDQ\
3HWHU&:K\EURZ
2EMHFWLYHV %DVHG XSRQ WKH FOLQLFDO HYLGHQFH WKDW K\SRWK\URLGLVP FDQ
PLPLFGHSUHVVLYHV\PSWRPVWKHLPSOLFLWK\SRWKHVLVGULYLQJPDQ\RIWKHDF
FHOHUDWLRQDQGDXJPHQWDWLRQVWXGLHVLQDIIHFWLYHGLVRUGHUVLVWKDWLQGLYLGXDOV
ZKRUHVSRQGWRDGMXQFWLYHWK\URLGWUHDWPHQWKDYHDIDLOLQJWK\URLGHFRQRP\
RUVXIIHUVXEFOLQLFDOWK\URLGGLVHDVH
0HWKRGV7KLVSUHVHQWDWLRQUHYLHZVWKHUHOHYDQWOLWHUDWXUH
5HVXOWV 7KH YDVW PDMRULW\ RI SDWLHQWV ZLWK SULPDU\ DIIHFWLYH GLVRUGHUV
JUHDWHUWKDQKDYHWK\URLGKRUPRQHEORRGOHYHOVZLWKLQWKHHXWK\URLG
UDQJH +RZHYHU ZLWKLQ WKDW QRUPDO UDQJH WKH WK\URLG KRUPRQH HFRQRP\
DSSHDUVWREHSUHGLFWLYHRIWKHUDSHXWLFUHVSRQVHZLWKJURZLQJHYLGHQFHWKDW
WK\URLGKRUPRQHOHYHOVLQWKHORZQRUPDOUDQJHRUEHORZWKHQRUPDOUDQJH
LHWK\URLGK\SRIXQFWLRQFDQUHVXOWLQDVXERSWLPDOWUHDWPHQWRXWFRPH,W
KDVEHHQUHSRUWHGWKDWZLWKLQWKH³QRUPDO´UDQJHDORZOHYHORIIUHHWK\UR[LQ
I7LQSDWLHQWVZLWKELSRODUGLVRUGHULVDVVRFLDWHGZLWKPRUHDIIHFWLYHHSL
VRGHVDQGJUHDWHUVHYHULW\RIGHSUHVVLRQGXULQJSURSK\ODFWLFOLWKLXPWUHDW
PHQW ,QDQRWKHUVWXG\ ORZHUIUHH WK\UR[LQ LQGH[)7,YDOXHVDQGKLJKHU
76+ YDOXHV ZLWKLQ WKH QRUPDO UDQJH ZHUH VLJQL¿FDQWO\ DVVRFLDWHG ZLWK
SRRUHU WUHDWPHQW UHVSRQVH LQ ELSRODU SDWLHQWV GXULQJ WKH GHSUHVVHG SKDVH
7DNHQWRJHWKHUWKHVHREVHUYDWLRQVVXJJHVWWKDWKLJKHUVHUXPOHYHOVRIWK\
UR[LQDUHDGDSWLYHLQGHSUHVVLRQDQGWKDWDUREXVWWK\URLGHFRQRP\FRQIHUV
DQDGYDQWDJHWKDWSURPRWHVUDSLGUHFRYHU\IROORZLQJDQWLGHSUHVVDQWVWUHDW
PHQW±7KHWK\URLGHFRQRP\LVDOVRVXVFHSWLEOHWRWKHDQWLWK\URLGHIIHFWVRI
OLWKLXPDPDMRUGUXJLQWKHWUHDWPHQWRIPRRGGLVRUGHUV$OWKRXJKLWZDV
QRWHGHDUO\RQWKDWOLWKLXPLQGXFHGWK\URLGIDLOXUHFRXOGRFFXUZLWKRXWWKH
SUHVHQFHRIWK\URLGDXWRLPPXQLW\WKHUROHRIWK\URLGDXWRLPPXQLW\LQWKH
GHYHORSPHQW RI OLWKLXPLQGXFHG WK\URLG GLVRUGHUV UHPDLQV XQFOHDU 6RPH
VWXGLHVKDYHUHSRUWHGDKLJKSUHYDOHQFHIRUDQWLWK\URLGDQWLERGLHVLQSDWLHQWV
ZLWK DIIHFWLYHGLVRUGHUV UHFHLYLQJ OLWKLXP WKHUDS\ VXJJHVWLQJ WKDW WK\URLG
DXWRLPPXQLW\PD\PHGLDWHWKHDQWLWK\URLGHIIHFWVRIOLWKLXP2WKHUVWXGLHV
KDYHQRWIRXQGDQLQFUHDVHGSUHYDOHQFHRIDQWLWK\URLGDQWLERGLHVLQSDWLHQWV
ZLWK DIIHFWLYH GLVRUGHUV UHFHLYLQJ OLWKLXP ZKHQ FRPSDUHG WR WKH JHQHUDO
SRSXODWLRQQRUPDOFRQWUROVRUFRQWUROVZLWKSV\FKLDWULFGLVRUGHUV)XUWKHU
PRUH SDWLHQWV ZKR KDYH WK\URLG DXWRLPPXQLW\ SULRU WR OLWKLXP H[SRVXUH
PD\VKRZDULVHLQDQWLERG\WLWHUVDQGKDYHDQLQFUHDVHGULVNRIGHYHORSLQJ
K\SRWK\URLGLVPZKLOHUHFHLYLQJOLWKLXPWKHUDS\
&RQFOXVLRQV $ ZRUNLQJ K\SRWKHVLV LQ VHHNLQJ WR H[SODLQ WKHVH FOLQLFDO
REVHUYDWLRQVLVWKDWWK\URLGKRUPRQHVPRGXODWHWKHVHYHULW\DQGFRXUVHRI
GHSUHVVLRQUDWKHUWKDQSOD\LQJDVSHFL¿FSDWKRJHQLFUROH/LWKLXP¶VDQWLWK\
URLGDFWLYLW\DQGUROHLQWKLVFRQWH[WQHHGVIXUWKHULQYHVWLJDWLRQ
5HIHUHQFHV
*\XODL/%DXHU0%DXHU06*DUFtD(VSDxD)&QDDQ$:K\EURZ3&
7K\URLGK\SRIXQFWLRQLQSDWLHQWVZLWKUDSLGF\FOLQJELSRODUGLVRUGHU
DIWHUOLWKLXPFKDOOHQJH%LRO3V\FKLDWU\
:K\EURZ3&%DXHU0'HSUHVVLRQPDQLDDQGWK\URLGIXQFWLRQD
VWRU\RILQWLPDWHUHODWLRQVKLSV,Q-/LFLQLR0/:RQJHGV%LRORJ\RI
'HSUHVVLRQ)URP1RYHO,QVLJKWV7R1RYHO6WUDWHJLHV:LOH\9&+:HLQ
KHLPLQSUHVV
6
76+5HFHSWRUVLQWKH%UDLQDQG7KHLU)XQFWLRQ
%HUWUDQG6DXQLHU
,QVHUP)UDQFH
2EMHFWLYHV $OEHLW FULWLFDO VSHFL¿F UROHV RI WKH WK\URLG V\VWHP LQ ERWK
EUDLQGHYHORSPHQWDQGIXQFWLRQDQGLQYROYHGPHFKDQLVPVKDYHQRWIXOO\
EHHQHOXFLGDWHG\HW76+VWLPXODWHVWKHWK\URLGJODQGYLDDUHFHSWRUDWWKH
VXUIDFHRIWK\URF\WHV$FRPSOH[QHWZRUNRIKRUPRQHVDQGIDFWRUVUHJXODWHV
WKHSURGXFWLRQRI76+E\WKHSLWXLWDU\JODQG7K\URLGGLVRUGHUV LQZKLFK
76+UHFHSWRUEHFRPHVWKHWDUJHWRIFLUFXODWLQJDXWRDQWLERGLHVDUHDPRQJVW
WKHPRVWSUHHPLQHQWDXWRLPPXQHGLVHDVHV1HZZRUNLQJK\SRWKHVLVKDYH
UHFHQWO\ HPHUJHG UHJDUGLQJ WKH ¿QDOLW\ RI WKH WK\URLG V\VWHP DQG LWV LQ
YROYHPHQW LQQHXURSV\FKLDWULFGLVHDVHV:HKDYH UHSRUWHG WKHXQH[SHFWHG
"2!).¬&5.#4)/.¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
H[SUHVVLRQRI76+UHFHSWRULQWKHEUDLQ:HWKHUHIRUHDLPHGDWGHFLSKHULQJ
LQZKDWUHVSHFWDQGKRZWKLVH[SUHVVLRQFRXOGDIIHFWEUDLQGHYHORSPHQWDQG
IXQFWLRQ
0HWKRGV)RURXUVWXGLHVZHPDLQO\XVHG URGHQWPRGHOV LQDPXOWLGLVFL
SOLQDU\ DSSURDFK FRPELQLQJ ERWK LQ YLYR DQG LQ YLWUR H[SHULPHQWV76+
UHFHSWRU H[SUHVVLRQZDV DOVR VWXGLHGGXULQJ WKH HDUO\GHYHORSPHQW RI WKH
KXPDQEUDLQ
5HVXOWV 76+ UHFHSWRU H[SUHVVLRQ SUHGRPLQDWHG LQ WKH KLSSRFDPSXV
WKH SLULIRUP FRUWH[ K\SRWKDODPXV QXFOHL DQG WKH VXEYHQWULFXODU ]RQH
HSHQG\PDOFHOOOD\HURIQHZERUQUDWV%RWKDVWURF\WHVDQGQHXURQDOFHOOVH[
SUHVVHGWKLVUHFHSWRU7KHKLJKHVWGHQVLW\RI76+UHFHSWRUSRVLWLYHQHXURQDO
FHOOVZDVREVHUYHG LQ WKHKLSSRFDPSXV DQG WKHK\SRWKDODPXV$VWURF\WHV
H[SUHVVLQJ76+ UHFHSWRUZHUH IRXQG WKURXJKRXW WKH SDUHQFK\PD DVZHOO
DVWKHVXEYHQWULFXODU]RQH,QPLFH76+UHFHSWRUH[SUHVVLRQZDVGHWHFWHG
LQWKHVXEYHQWULFXODU]RQHERWKGXULQJGHYHORSPHQWDQGLQDGXOWV,QYLWUR
76+ UHFHSWRU H[SUHVVLRQ ZDV GHWHFWHG LQ FXOWXUHG QHXUDO SUHFXUVRU FHOOV
IURPPLFHHPEU\RDVZHOODVLQQHXURVSKHUHVIURPPLFHHPEU\RDQGDGXOW
EUDLQV,QKXPDQV76+UHFHSWRUH[SUHVVLRQZDVGHWHFWHGDWHDUO\VWDJHVRI
GHYHORSPHQWRIWKHFHQWUDOQHUYRXVV\VWHPDVZHOODVLQFXOWXUHGDVWURF\WHV
REWDLQHGIURPHPEU\RV
&RQFOXVLRQV76+UHFHSWRUPD\SOD\PXOWLSOHUROHVLQWKHEUDLQLQFOXGLQJ
WKH WK\URLGV\VWHP¿QHWXQLQJGHSHQGLQJRQDUHDVDQGVWDJHVRIGHYHORS
PHQW%DVHGRQRXU¿QGLQJVZHDGGLWLRQDOO\K\SRWKHVL]HGWKHH[LVWHQFHRI
DOLQNZLWKQHXURJHQHVLVDQGGLIIHUHQWLDWLRQ7KLVUDLVHVWKHSRVVLELOLW\WKDW
WKH WK\URLG V\VWHPDQG LWV GLVRUGHUV DIIHFW EUDLQ IXQFWLRQ WKURXJKGLVWLQFW
PHFKDQLVPVWKDQWKRVHSUHYLRXVO\HVWDEOLVKHG
5HIHUHQFHV
6DXQLHU%3LHUUH0-DFTXHPLQ&&RXUWLQ)(YLGHQFHIRUF$03
LQGHSHQGHQW WK\URWURSLQ HIIHFWV RQ DVWURJOLDO FHOOV (XU - %LRFKHP 

7RXUQLHU&*DYDUHW-0-DFTXHPLQ&3LHUUH06DXQLHU%6WLPXOD
WLRQRIPLWRJHQDFWLYDWHGSURWHLQNLQDVHE\WK\URWURSLQLQDVWURF\WHV(XU-
%LRFKHP
&ULVDQWL 32PUL%+XJKHV(0HGXUL*+HU\&&ODXVHU( -DFTXHPLQ
& 6DXQLHU % 7KH H[SUHVVLRQ RI WK\URWURSLQ UHFHSWRU LQ WKH EUDLQ
(QGRFULQRORJ\
6
*UDYHV¶'LVHDVHDQG3V\FKLDWULF0RUELGLW\
5REHUWDV%XQHYLFLXV
,QVWLWXWHRI(QGRFULQRORJ\.DXQDV/LWKXDQLDDQG8QLYHUVLW\RI
1RUWK&DUROLQDDW&KDSHO+LOO/LWKXDQLDQ
*UDYHV¶GLVHDVH*'DQDXWRLPPXQHWK\URLGGLVHDVHLVWKHPRVWFRPPRQ
FDXVH RI K\SHUWK\URLGLVP ,W LV DVVRFLDWHG ZLWK YDULRXVPHQWDO VLJQV DQG
V\PSWRPVDQ[LHW\GHSUHVVLRQPDQLDDQGFRJQLWLYHG\VIXQFWLRQDQGZLWK
GLVFUHWHSV\FKLDWULFGLVRUGHUV:K\EURZ	%DXHU ,QFUHDVHGSUHYD
OHQFHRIPRRGDQGDQ[LHW\GLVRUGHUVGLDJQRVHGXVLQJSV\FKLDWULFGLDJQRVWLF
FULWHULDDVZHOODVLQFUHDVHGVFRUHVRIV\PSWRPVRIGHSUHVVLRQDQGDQ[LHW\
PHDVXUHGXVLQJGLIIHUHQWSV\FKRPHWULFUDWLQJVFDOHVKDYHEHHQFRQVLVWHQWO\
UHSRUWHG LQ XQWUHDWHG K\SHUWK\URLG SDWLHQWV 7U]HSDF] HW DO 0RRG
VFRUHVRQVHOIUDWLQJVFDOHVWHQGHGWREHVLPLODULQSDWLHQWVZLWKVXEFOLQLFDO
DQGRYHUWK\SHUWK\URLGLVP,WZDVIRXQGQRDVVRFLDWLRQVEHWZHHQVFRUHVRI
DQ[LHW\RUGHSUHVVLRQDQGVHUXPFRQFHQWUDWLRQVRIWK\URLGKRUPRQHVLQ*'
7KHHIIHFWVRIWUHDWPHQWRIK\SHUWK\URLGLVPRQPHQWDOV\PSWRPVKDYHDOVR
EHHQ H[DPLQHG ,Q WKH VKRUW WHUP WUHDWPHQWZDV IRXQG WR EH UHODWHG WR D
V\VWHPDWLF GHFUHDVH LQ SV\FKLDWULF V\PSWRPV WKDW SDUDOOHOHG LPSURYHPHQW
LQHQGRFULQHV\PSWRPV+RZHYHUWKHHIIHFWVRISURORQJHGWUHDWPHQWKDYH
VKRZQWKDWHYHQDIWHUQRUPDOL]DWLRQRIWK\URLGIXQFWLRQSV\FKLDWULFV\PS
WRPVDQGVRPDWLFFRPSODLQWVGRQRWFRPSOHWHO\UHVROYH6WHUQHWDO
7KHVH¿QGLQJVVXJJHVW WKDWPHFKDQLVPVRWKHU WKDQK\SHUWK\URLGLVP VXFK
DV DXWRLPPXQHSURFHVVHVPD\SOD\D UROH LQ WKHPDQLIHVWDWLRQRIPHQWDO
V\PSWRPVLQ*UDYHV¶GLVHDVH%XQHYLFLXVHWDO
5HIHUHQFHV
%XQHYLFLXV59HOLFNLHQH'3UDQJH$--U 0RRGDQGDQ[LHW\GLVRU
GHUVLQZRPHQZLWKWUHDWHGK\SHUWK\URLGLVPDQGRSKWKDOPRSDWK\FDXVHGE\
JUDYHV¶GLVHDVH*HQ+RVS3V\FKLDWU\LQ3UHVV
6WHUQ5$5RELQVRQ%7KRUQHU$5 HW DO $ VXUYH\ VWXG\ RI QHX
USV\FKLDWULFFRPSODLQWVLQSDWLHQWVZLWK*UDYHV¶GLVHDVH-1HXURSV\FK&OLQ
1HXURVF
7U]HSDF] 370F&XH0.OHLQ , HW DO $ SV\FKLDWULF DQG QXURSV\
FKRORJLFDO VWXG\ RI SDWLHQWV ZLWK XQWUHDWHG *UDYHV¶ GLVHDVH *HQ +RVS
3V\FKLDWU\
:K\EURZ3&%DXHU0%HKDYLRUDO DQG SV\FKLDWULF DVSHFWV RI WK\URWR[L
FRVLV,Q%UDYHUPDQ/(8WLJHU5'HGLWRUV:HUQHU	,QJEDU¶V7K\URLG$
)XQGDPHQWDODQG&OLQLFDO7H[W(LJKWHG3KLODGHOSKLD/LSSLQFRWW:LOOLDPV
	:LONLQVS
6
7K\URLG6\VWHP%UDLQDQG%HKDYLRU1RYHO,QVLJKWVIURP
0ROHFXODUDQG&OLQLFDO5HVHDUFK
6
3RWHQWLDWLRQRI$QWLGHSUHVVDQWVE\75ROHRI+7
$XWRUHFHSWRUV
0LFKDHO(1HZPDQ
%LRORJLFDO3V\FKLDWU\/DERUDWRU\'HSWRI3V\FKLDWU\+DGDVVDK
+HEUHZ8QLYHUVLW\0HGLFDO&HQWHU-HUXVDOHP,VUDHO
%HUQDUG/HUHU7]XUL/LIVFK\W]*DOLW6KDORP(LWDQ*XU
2EMHFWLYHV7KHUHLVHYLGHQFHIURPERWKKXPDQDQGDQLPDOVWXGLHVOLQNLQJ
WK\URLGKRUPRQHVZLWKHIIHFWVRQVHURWRQHUJLFWUDQVPLVVLRQDQGLQSDUWLFXODU
VXJJHVWLQJWKDW7PD\LQFUHDVHV\QDSWLF+7OHYHOVE\UHGXFLQJWKHDFWLYL
WLHVRIWKH+7$DQG+7%DXWRUHFHSWRUVZKLFKLQKLELW+7UHOHDVH
0HWKRGV,QYLYRPLFURGLDO\VLVZDVXVHGWRGHWHUPLQHWKHHIIHFWVRIÀXR[
HWLQHDQG7DORQHDQGLQFRPELQDWLRQRQWKHDFWLYLWLHVRIWKHVHUHFHSWRUVLQ
UDWEUDLQLQDQDWWHPSWWRSURYLGHDVFLHQWL¿FEDVLVIRUWKHDXJPHQWDWLRQDQG
DFFHOHUDWLRQHIIHFWVVHHQFOLQLFDOO\ZKHQ7LVJLYHQWRJHWKHUZLWKDQ665,
5HDOWLPH573&5ZDVXVHGWRPHDVXUHP51$OHYHOVIRUWKH+7$DQG
+7%UHFHSWRUVLQYDULRXVEUDLQDUHDVRIWKHWUHDWHGDQLPDOV
5HVXOWV,QPDOHUDWVDFRPELQDWLRQRI7DWJNJDQGÀXR[HWLQHDW
PJNJJLYHQGDLO\IRUGD\VLQGXFHGGHVHQVLWL]DWLRQRI+7%DXWRUHFHS
WRUV LQK\SRWKDODPXVZKLOHGHVHQVLWL]DWLRQRI+7$UHFHSWRUVDVVKRZQ
E\WKHHIIHFWRIWKH+7$UHFHSWRUDJRQLVW2+'3$7WRGHFUHDVH+7
OHYHOVLQFRUWH[UHTXLUHGHLWKHUDKLJKHUGRVHPJNJRIÀXR[HWLQHRUD
ORQJHU SHULRG RI DGPLQLVWUDWLRQ  GD\V0HDVXUHPHQW RIP51$ OHYHOV
IRU+7$DQG+7%DXWRUHFHSWRUVLQWKHUDSKHQXFOHLVKRZHGVLJQL¿FDQW
UHGXFWLRQVDIWHUFRPELQHGDGPLQLVWUDWLRQRI7DQGÀXR[HWLQHEXWQRWDIWHU
HLWKHURI WKH WUHDWPHQWVDGPLQLVWHUHGDORQH VXJJHVWLQJ WKDW WKH IXQFWLRQDO
FKDQJHVPD\EHGXHWRDOWHUDWLRQVLQJHQHH[SUHVVLRQ,QIHPDOHUDWVQHLWKHU
ÀXR[HWLQHQRU7DWGRVHVXSWRJNJQRUDFRPELQDWLRQRIWKHVHDJHQWV
JLYHQGDLO\IRUGD\VDIIHFWHGHLWKHU+7$RU+7%UHFHSWRUDFWLYLW\LQ
HLWKHUIURQWDOFRUWH[RUK\SRWKDODPXV
&RQFOXVLRQV7PD\H[HUWDQDQWLGHSUHVVDQWHIIHFWE\LQGXFLQJVXEVHQVLWLY
LW\RI+7$DQG+7%DXWRUHFHSWRUVLQDPDQQHUDQDORJRXVWRWKHDFWLRQ
RI665,V7KHVXEVHQVLWLYLW\PD\EHGXHWRDUHGXFWLRQLQJHQHH[SUHVVLRQ
7KH GDWD SUHVHQWHG UHSUHVHQW WKH ¿UVW DWWHPSW WR SURYLGH D ELRFKHPLFDO
PHFKDQLVPIRUWKHHIIHFWVRI7WRDXJPHQWDQGDFFHOHUDWHWKHFOLQLFDOHI
IHFWVRIDQWLGHSUHVVDQWGUXJV7KHGLIIHUHQFHVREVHUYHGEHWZHHQPDOHDQG
IHPDOHUDWVDUHDOVRRILQWHUHVWVLQFHVRPHVWXGLHVKDYHLQGLFDWHGWKDW7KDV
DJUHDWHUFOLQLFDOSRWHQF\LQIHPDOHVXEMHFWV
6
%HKDYLRUDODQG1HXURORJLFDO$EQRUPDOLWLHVLQ0LFHZLWK
0XWDQW7K\URLG+RUPRQH5HFHSWRUV
%M|UQ9HQQVWU|P
.DUROLQVND,QVWLWXWH6WRFNKROP6ZHGHQ
$QD,VDEHO+HUUHUR.ULVWLQD1RUGVWU|P0DULD6M|JUHQ
$QD*XDGDQR$OH[DQGHU7LQQLNRY&HVDU9HQDUR-XDQ%HUQDO
*DEULHOOD0RUUHDOH(VFREDU
2EMHFWLYHVDQG0HWKRGV7KHV\QGURPHRI5HVLVWDQFHWR7K\URLG+RUPRQH
57+IRXQGLQDERXWSDWLHQWIDPLOLHVLVFKDUDFWHUL]HGE\PXOWLSOHVR
PDWLFDEQRUPDOLWLHVYDU\LQJOHYHOVRIPHQWDOUHWDUGDWLRQDQGWDFK\FDUGLD
,WLVFDXVHGE\PXWDWLRQVLQWK\URLGKRUPRQHUHFHSWRUEHWD75ȕZKLFK
FRQIHUGRPLQDQWQHJDWLYHHIIHFWV6LQFHQRSDWLHQWZLWKDJHUPOLQHPXWDQW
75D JHQH KDV EHHQ IRXQG ZH LQWURGXFHG D SDWLHQWµV PXWDWLRQ LQWR WKH
PRXVH75ĮJHQHE\KRPRORJRXVUHFRPELQDWLRQDQGVWXGLHGWKHUHVXOWLQJ
SKHQRW\SH
"2!).¬&5.#4)/.¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
5HVXOWV 7KH PXWDWLRQ DOORZV 7 ELQGLQJ ZLWK D [ ORZHU DI¿QLW\ WKXV
FDXVLQJWKHUHFHSWRUWRDFWDVDUHSUHVVRUXQOHVVFKDOOHQJHGZLWKKLJKOHYHOV
RI77KHKHWHUR]\JRXVNQRFNLQPLFHKDYHDSURIRXQGSKHQRW\SHDVHYHUH
UHWDUGDWLRQ RI SRVWQDWDOPDWXUDWLRQ WKDW KRZHYHU LV ODUJHO\ QRUPDOL]HG LQ
DGXOWPLFH:HKDYHVXEVHTXHQWO\LGHQWL¿HGVHYHUDOQHXURORJLFDOGH¿FLHQ
FLHVWKDWSHUVLVWLQWRDGXOWKRRG1HXURPXVFXODUG\VIXQFWLRQVLQFOXGHDEQRU
PDOJDLWSRRUKLQGOLPEFRRUGLQDWLRQLQDELOLW\WRFOLPESURSHUO\DQGSRRU
SHUIRUPDQFHRQWKH5RWDURG6RPHEXWQRWDOORIWKHVHGH¿FLHQFLHVFRXOGEH
DPHOLRUDWHGE\7WUHDWPHQWRIWKHDQLPDOVGXULQJSRVWQDWDOGD\V33
LQGLFDWLQJ WKDW WKHPXWDQW75 FDXVHV GHYHORSPHQWDO GHIHFWV DIIHFWLQJ WKH
PRWRUV\VWHP7KHDGXOWPLFHDOVRH[KLELWDQH[WUHPHDQ[LHW\LQWKHRSHQ
¿HOGDQGHOHYDWHGSOXVPD]HWHVWVDQGDUHLPSDLUHGLQWHVWVIRUH[SORUDWLRQ
DQGUHFRJQLWLRQRIQRYHOREMHFWV$OOWHVWVZHUHIXOO\QRUPDOL]HGE\DGXOWEXW
QRWMXYHQLOH7WUHDWPHQWVXJJHVWLQJWKDWWKHVHGH¿FLHQFLHVDUHFDXVHGE\DQ
DGXOWQHXURSK\VLRORJLFDOIXQFWLRQRIWKHPXWDQW75
&RQFOXVLRQV7KHGDWD VXJJHVW WKDW WKHPLFHH[KLELW WZRGLVWLQFW IHDWXUHV
VLPLODUWRWKRVHRIWK\URLGKRUPRQHGHSOHWLRQDQHXURPXVFXODURQHFDXVHG
E\ KRUPRQH GH¿FLHQF\ GXULQJ GHYHORSPHQW DQG WKDW LV LUUHYHUVLEOH LQ WKH
DGXOW DQG D SV\FKLDWULF RQH WKDW FDQ EH DPHOLRUDWHG E\ WUHDWLQJ WKH DGXOW
DQLPDOVXJJHVWLQJDQHIIHFWRIWKHPXWDQWUHFHSWRURQFHQWUDOQHXURSK\VL
RORJLFDOIXQFWLRQV
6
1HXUDO6XEVWUDWHVIRU&RJQLWLYH,PSDLUPHQWLQ3DWLHQWVZLWK
+\SRWK\URLGLVP
'DQLHO+66LOYHUPDQ
'SWRI0ROHFXODUDQG0HGLFDO3KDUPDFRORJ\8QLYHUVLW\RI
&DOLIRUQLD/RV$QJHOHV8&/$86$
&/*HLVW'00DUVHLOOH-RKDQQHV&]HUQLQ0LFKDHO(3KHOSV
1DWDOLH5DVJRQ.DUHQ-0LOOHU3HWHU&:K\EURZ
.DWMD9DQ+HUOH'RURWK\0DUWLQH]$QGUH-9DQ+HUOH
0LFKDHO%DXHU

%DFNJURXQG7KH GLIIHUHQWLDO GLDJQRVLV RI SDWLHQWVZLWKPHPRU\ LPSDLU
PHQW DQG RWKHU HDUO\ VLJQV RI GHPHQWLD LQFOXGHV K\SRWK\URLGLVP EXW WKH
QHXURORJLFEDVLVRIWKLVLPSDLUPHQWLVQRWZHOOXQGHUVWRRG
0HWKRGV:HSURVSHFWLYHO\UHFUXLWHGVXEMHFWVSUHYLRXVO\XQWUHDWHG
K\SRWK\URLG SDWLHQWV QHZO\ GLDJQRVHG ZLWK +DVKLPRWRµV WK\URLGLWLV DJH
 \UV DQG  HXWK\URLG FRQWURO VXEMHFWV  \UV $OO SDWLHQWV
XQGHUZHQW FRPSUHKHQVLYH QHXURSV\FKLDWULF DVVHVVPHQW EORRG ODERUDWRU\
WHVWLQJDQGSRVLWURQHPLVVLRQWRPRJUDSK\ZLWK>)@ÀXRURGHR[\JOXFRVH
EHIRUH DQG DIWHU DFKLHYLQJ HXWK\URLG VWDWXVZLWK OHYRWK\UR[LQH WUHDWPHQW
5HJLRQDOQRUPDOL]HGEUDLQDFWLYLW\ZDVDVVHVVHGE\ERWKVWDWLVWLFDOSDUDPHW
ULFPDSSLQJDQGFRQYHQWLRQDOUHJLRQRILQWHUHVWDQDO\VLVPHWKRGV
5HVXOWV %HIRUH WUHDWPHQW K\SRWK\URLG SDWLHQWV GHPRQVWUDWHG VLJQL¿FDQW
FRUWLFDODEQRUPDOLWLHV UHODWLYH WR WKHFRQWUROJURXSS ZKLFKZHUH
ODUJHVWLQVXSHULRUSUHIURQWDODQGSDULHWRWHPSRUDOFRUWH[0DJQLWXGHRILP
SURYHPHQWLQDVWDQGDUGL]HGPHDVXUHRIVKRUWWHUPPHPRU\FRUUHODWHGEHVW
ZLWKEDVHOLQHPHWDEROLVPRIWKHSRVWHULRUFLQJXODWHFRUWH[U S 
WKHEUDLQUHJLRQPRVWVLJQL¿FDQWO\GHFUHDVHGLQPHWDEROLVPDPRQJSDWLHQWV
LQWKHHDUOLHVWVWDJHVRI$O]KHLPHUµVGLVHDVH
&RQFOXVLRQV7KLVVWXG\GHPRQVWUDWHVUHJLRQDOO\VSHFL¿FHIIHFWVRISULPDU\
K\SRWK\URLGLVP RQ FHUHEUDO JOXFRVHPHWDEROLVP /RZ SRVWHULRU FLQJXODWH
PHWDEROLVPRFFXUULQJLQWKHFOLQLFDOFRQWH[WRIHLWKHULQFLSLHQW$O]KHLPHUµV
RUK\SRWK\URLGGLVHDVHDSSHDUVWRVHUYHDVDFRPPRQSUHGLFWRURISRRUORQJ
WHUPSURJQRVLVIRUPHPRU\IXQFWLRQ
6
0RRG0RGXODWLRQZLWK/HYRWK\UR[LQHLQ%LSRODU'HSUHVVLRQ
,QVLJKWVIURP)XQFWLRQDO%UDLQ,PDJLQJ6WXGLHV
0LFKDHO%DXHU
&KDULWp8QLYHUVLW\0HGLFLQH%HUOLQ&DPSXV0LWWH%HUOLQ
*HUPDQ\
(G\WKH'/RQGRQ6WHYHQ%HUPDQ3HWHU&:K\EURZ
2EMHFWLYHV 7KH HI¿FDF\ UHVXOWLQJ IURP DGMXQFWLYH XVH RI VXSUDSK\VL
RORJLFDO GRVHV RI OHYRWK\UR[LQH KDV HPHUJHG DV D SURPLVLQJ DSSURDFK WR
WKHUDS\DQGSURSK\OD[LVIRUUHIUDFWRU\PRRGGLVRUGHUV0RVWSDWLHQWVZLWK
PRRG GLVRUGHUV ZKR UHFHLYH WUHDWPHQW ZLWK VXSUDSK\VLRORJLFDO GRVHV RI
OHYRWK\UR[LQH /7KDYHQRUPDOSHULSKHUDO WK\URLGKRUPRQH OHYHOVDQG
DOVR UHVSRQGGLIIHUHQWO\ WR WKHKRUPRQHDQG WROHUDWH LWEHWWHU WKDQKHDOWK\
LQGLYLGXDOV DQG SDWLHQWV ZLWK SULPDU\ WK\URLG GLVHDVHV 3URJUHVV LQ IXQF
WLRQDOEUDLQLPDJLQJWHFKQLTXHVKDVSURYLGHGDQHZXQGHUVWDQGLQJRIWKHVH
SKHQRPHQD LOOXPLQDWLQJ WKH UHODWLRQVKLSEHWZHHQ WK\URLG IXQFWLRQPRRG
PRGXODWLRQDQGEHKDYLRU)ROORZLQJWKHOHDGRIHDUOLHUFOLQLFDOVWXGLHVZH
ZHUHLQWHUHVWHGZKLFKEUDLQDUHDVDQGFLUFXLWVPLJKWXQGHUOLHWKHHIIHFWVRI
/7DVDQDJHQWZLWKDQWLGHSUHVVDQWDQGSURSK\ODFWLFSURSHUWLHV
0HWKRGV7KH HIIHFWV RI ZHHN DGGRQ WUHDWPHQWZLWK DGMXQFWLYH VXSUD
SK\VLRORJLFDOGRVHVRIOHYRWK\UR[LQH/7PHDQGRVHPFJRQUHOD
WLYHEUDLQDFWLYLW\DVDVXUURJDWHLQGH[RIFHUHEUDOJOXFRVHPHWDEROLVPZHUH
LQYHVWLJDWHG LQ HXWK\URLG ZRPHQ ZLWK ELSRODU GHSUHVVLRQ XVLQJ SRVLWURQ
HPLVVLRQWRPRJUDSK\3(7ZLWK>)@ÀXRURGHR[\JOXFRVH
5HVXOWV%HIRUHOHYRWK\UR[LQHWUHDWPHQWWKHSDWLHQWVH[KLELWHGVLJQL¿FDQWO\
KLJKHUDFWLYLW\ LQ WKHPHGLDO WHPSRUDO OREHULJKWDP\JGDOD ULJKWKLSSRF
DPSXV ULJKW YHQWUDO VWULDWXP OHIW WKDODPXV DQG FHUHEHOODU YHUPLV DQG
KDGORZHUUHODWLYHDFWLYLW\LQWKHPLGGOHIURQWDOJ\ULELODWHUDOO\6LJQL¿FDQW
EHKDYLRUDODQGFHUHEUDOPHWDEROLFHIIHFWVDFFRPSDQLHGFKDQJHVLQ WK\URLG
KRUPRQHVWDWXV/HYRWK\UR[LQHLPSURYHGPRRGVLJQL¿FDQWO\UHPLVVLRQLQ
SDWLHQWVSDUWLDOUHVSRQVHLQDQGGHFUHDVHGUHODWLYHDFWLYLW\LQWKHULJKW
DP\JGDODDQGYHQWUDOVWULDWXP7KHGHFUHDVHLQUHODWLYHDFWLYLW\RIWKHOHIW
DP\JGDODZDVVLJQL¿FDQWO\FRUUHODWHGZLWKUHGXFWLRQLQGHSUHVVLRQVFRUHV
&RQFOXVLRQV7KH¿QGLQJVVXJJHVWWKDW/7SURGXFHVPRRGLPSURYHPHQW
E\DFWLRQVRQVSHFL¿FOLPELFDQGVXEFRUWLFDOFLUFXLWVWKDWKDYHEHHQLPSOL
FDWHGLQWKHSDWKRSK\VLRORJ\RIPRRGGLVRUGHUV
5HIHUHQFHV
%DXHU0/RQGRQ('6LOYHUPDQ'+65DVJRQ1.LUFKKHLQHU-:K\EURZ
3& 7K\URLG EUDLQ DQGPRRGPRGXODWLRQ LQ DIIHFWLYH GLVRUGHU LQ
VLJKWVIURPPROHFXODUUHVHDUFKDQGIXQFWLRQDOEUDLQLPDJLQJ3KDUPDFRSV\
FKLDWU\6XSSO6
%DXHU 0 /RQGRQ (' 5DVJRQ 1 %HUPDQ 60 )U\H 0$ $OWVKXOHU /
0DQGHONHUQ0$%UDPHQ-%9R\WHN:RRGV50D]]LRWWD-&:K\EURZ
3&6XSUDSK\VLRORJLFDOGRVHVRIOHYRWK\UR[LQHDOWHUUHJLRQDOFHUHEUDO
PHWDEROLVP DQG LPSURYH PRRG LQ ZRPHQ ZLWK ELSRODU GHSUHVVLRQ 0RO
3V\FKLDWU\,Q3UHVV
6
7K\URLG$XWRLPPXQLW\LQ%LSRODU'LVRUGHU
5DOSK.XSND
$OWUHFKW,QVWLWXWHIRU0HQWDO+HDOWK&DUH8WUHFKW1HWKHUODQGV
0DQRQ+LOOHJHUV:LOOHP1ROHQ5REHUW3RVW+HPPR'UH[KDJH
2EMHFWLYHV0RRG GLVRUGHUV KDYH EHHQ DVVRFLDWHGZLWK ERWK WK\URLG G\V
IXQFWLRQDQGYDULRXVLPPXQHGLVWXUEDQFHV,QWXUQK\SHUWK\URLGLVPDQGK\
SRWK\URLGLVPRIWHQKDYHDQDXWRLPPXQHSDWKRSK\VLRORJ\:HLQYHVWLJDWHG
WKH SUHYDOHQFH RI DXWRLPPXQH WK\URLGLWLV LQ SDWLHQWV ZLWK ELSRODU PRRG
GLVRUGHUDQGLQFKLOGUHQRIELSRODUSDUHQWV
0HWKRGV:HPHDVXUHGWK\URSHUR[LGDVHDQWLERGLHV732DEVLQRXW
SDWLHQWVZLWKELSRODUGLVRUGHUDQGFRPSDUHGWKHRXWFRPHZLWKDSRSXODWLRQ
FRQWUROJURXS1 DQGSV\FKLDWULFLQSDWLHQWVRIDQ\GLDJQRVLV1 
,QDQRWKHUVWXG\ZHFRPSDUHG732DEVRIFKLOGUHQDJHG\HDUV
RIELSRODUSDUHQWVDQGFRPSDUHGWKHPZLWKDJHPDWFKHGFRQWUROV
5HVXOWV 732$EV ZHUH PRUH SUHYDOHQW LQ ELSRODU SDWLHQWV  WKDQ
SRSXODWLRQ DQG SV\FKLDWULF FRQWUROV  7KH SUHVHQFH RI 732$EV
LQ ELSRODU SDWLHQWV ZDV DVVRFLDWHGZLWK WK\URLG IDLOXUH EXW QRW ZLWK DJH
JHQGHUPRRGVWDWHUDSLGF\FOLQJRUOLWKLXPH[SRVXUH7K\URLGIDLOXUHZDV
SUHVHQW LQRIELSRODUSDWLHQWVDQGPRUHSUHYDOHQW LQZRPHQ7K\URLG
IDLOXUHZDVDVVRFLDWHGZLWKOLWKLXPH[SRVXUHHVSHFLDOO\LQWKHSUHVHQFHRI
732$EVEXWQRWZLWKFXUUHQWUDSLGF\FOLQJDOWKRXJKDQDVVRFLDWLRQPD\
KDYHEHHQPDVNHGE\DGHTXDWHWK\URLGKRUPRQHUHSODFHPHQW,QWKHVHFRQG
VWXG\KLJKHU732DE WLWHUV DQG WK\URLG IDLOXUHZHUHSUHGRPLQDQWO\ IRXQG
LQIHPDOHELSRODURIIVSULQJDOWKRXJKWKHUHZDVQRDVVRFLDWLRQZLWKDKLJKHU
SUHYDOHQFHRIPRRGGLVRUGHUV
&RQFOXVLRQV$OWKRXJK YDULRXV VWXGLHV IURP WKH OLWHUDWXUH JLYH LQFRQVLVW
HQWUHVXOWVLQRXUVWXG\WK\URLGDXWRLPPXQLW\ZDVKLJKO\SUHYDOHQWLQWKLV
VDPSOHRIRXWSDWLHQWVZLWKELSRODUGLVRUGHUDQGQRWDVVRFLDWHGZLWKOLWKLXP
WUHDWPHQW7KHVHWZRYDULDEOHVDSSHDUWREHLQGHSHQGHQWULVNIDFWRUVIRUWKH
GHYHORSPHQWRIK\SRWK\URLGLVPHVSHFLDOO\LQZRPHQZLWKELSRODUGLVRUGHU
2XUVHFRQGVWXG\VXJJHVWV WKDWELSRODURIIVSULQJ LQKHULWDYXOQHUDELOLW\ WR
GHYHORS WK\URLGDXWRLPPXQLW\ IURP WKHLUSDUHQWVEXW LQGHSHQGHQWO\ IURP
WKHYXOQHUDELOLW\WRGHYHORSSV\FKLDWULFGLVRUGHUV
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5HIHUHQFHV
.XSND 5: +LOOHJHUV 0+- 1ROHQ :$ %UHXQLV 1 'UH[KDJH +$ ,P
PXQRORJLFDODVSHFWVRIELSRODUGLVRUGHU$FWD1HXURSV\FKLDWULFD

.XSND5:1ROHQ:$3RVW500F(OUR\6/$OWVKXOHU//'HQLFRII.'
)U\H0$.HFN-U3(/HYHULFK*65XVK$-6XSSHV73ROOLR&'UH[KDJH
+$+LJK5DWHRI$XWRLPPXQH7K\URLGLWLVLQ%LSRODU'LVRUGHU/DFNRI$V
VRFLDWLRQZLWK/LWKLXP([SRVXUH%LRORJLFDO3V\FKLDWU\
$FNQRZOHGJHPHQW WKHVH VWXGLHV ZHUH VXSSRUWHG E\ WKH 6WDQOH\0HGLFDO
5HVHDUFK,QVWLWXWH
6
7UDQVFUDQLDO0DJQHWLF6WLPXODWLRQ)URP%DVLF6FLHQFHWR
WKH&OLQLFDO$UHQD
6
/RQJWHUP(IIHFWVRI7UDQVFUDQLDO0DJQHWLF6WLPXODWLRQRQ
+LSSRFDPSDO
5HDFWLYLW\WR$IIHUHQW6WLPXODWLRQ
<HKLHO/HYNRYLW]
6KDOYDWDK+RVSLWDODQG6DFNOHU0HGLFDO6FKRRO7HO$YLY8QLYHU
VLW\,VUDHO
7UDQVFUDQLDOPDJQHWLFVWLPXODWLRQ706KDVEHFRPHDSURPLVLQJWUHDWPHQW
RIDIIHFWLYHGLVRUGHUV LQKXPDQV\HW WKHQHXURQDOEDVLVRI LWV ORQJODVWLQJ
HIIHFWVLQWKHEUDLQLVVWLOOXQNQRZQ:HVWXGLHGDFXWHDQGODVWLQJHIIHFWVRI
706RQ UHDFWLYLW\ RI WKH UDW KLSSRFDPSXV WR VWLPXODWLRQRI WKH SHUIRUDQW
SDWK $SSOLFDWLRQ RI 706 WR WKH EUDLQ RI WKH DQHVWKHWL]HG UDW FDXVHG D
GRVHGHSHQGHQW WUDQVLHQW LQFUHDVH LQSRSXODWLRQVSLNH 36 UHVSRQVHRI WKH
GHQWDWH J\UXV WR SHUIRUDQW SDWK VWLPXODWLRQ ,Q DGGLWLRQ 706 FDXVHG D
PDUNHGGHFUHDVH LQ LQKLELWLRQDQGDQLQFUHDVH LQSDLUHGSXOVHSRWHQWLDWLRQ
RIUHDFWLYLW\WRVWLPXODWLRQRIWKHSHUIRUDQWSDWK$OVR706VXSSUHVVHGWKH
DELOLW\RIIHQÀXUDPLQH))$DVHURWRQLQUHOHDVHUWRSRWHQWLDWH36UHVSRQVH
WRSHUIRUDQWSDWKVWLPXODWLRQ&KURQLF706GLGQRWDIIHFWVLQJOHSRSXODWLRQ
VSLNHVEXWFDXVHGDQLQFUHDVHLQSDLUHGSXOVHSRWHQWLDWLRQZKLFKZDVVWLOO
HYLGHQWZHHNVDIWHUWKHODVWRIVHYHQGDLO\706WUHDWPHQWV$IWHUFKURQLF
706))$ZDVLQHIIHFWLYHLQHQKDQFLQJUHDFWLYLW\WRSHUIRUDQWSDWKVWLPXOD
WLRQSUREDEO\EHFDXVHLWORVWWKHDELOLW\WRUHOHDVHVHURWRQLQ,QDGGLWLRQWKH
EHWDDGUHQHUJLFUHFHSWRUDJRQLVWLVRSURWHUHQROZKLFKFDXVHGDQLQFUHDVHLQ
36LQWKHFRQWUROUDWVIDLOHGWRGRVRLQWKH706WUHDWHGUDWV7KHVHUHVXOWV
LQGLFDWH WKDW 706 SURGXFHV D ORQJWHUP UHGXFWLRQ LQ HI¿FDF\ RI FHQWUDO
PRGXODWRU\V\VWHPV
6
0DJQHWLF6WLPXODWLRQ0RGXODWHVD)UHTXHQF\'HSHQGHQW
7XUQRYHURI0RQRDPLQHVDQG7KH([SUHVVLRQRI6WUHVV
5HODWHG+HDW6KRFN3URWHLQ*HQHV,Q+XPDQ1HXUREODVWRPD
6+6<<&HOOV
'%HQ6KDFKDU
/DERUDWRU\RI3V\FKRELRORJ\DQG'HSDUWPHQWRI3V\FKLDWU\
5DPEDP0HGLFDO&HQWHUDQG%5DSSDSRUW)DFXOW\RI0HGLFLQH
7HFKQLRQ+DLID,VUDHO
7UDQVFUDQLDOPDJQHWLFVWLPXODWLRQ706LVDQRQLQYDVLYHZD\WRVWLPXODWH
WKHFRUWH[WKURXJKWKHVNXOO5HFHQWVWXGLHVVKRZWKDW706LVDEOHWRDIIHFW
PRRGLQKHDOWK\VXEMHFWVDQGWRLPSURYHV\PSWRPVLQSDWLHQWVZLWKPDMRU
GHSUHVVLRQ 0' ,Q DQLPDOV U706 LQGXFHG EHKDYLRUDO HIIHFWV VLPLODU WR
WKRVH LQGXFHG E\ DQWLGHSUHVVDQWV DQG HOHFWURFRQYXOVLYH VKRFN (&6$W
WKH ELRFKHPLFDO OHYHO PRVW ¿QGLQJV GHVFULEH DOWHUDWLRQV LQ 1( DQG +7
DQGWKHLUUHFHSWRUVVLPLODUWRWKRVHLQGXFHGE\DQWLGHSUHVVDQWV:HUHFHQWO\
GHPRQVWUDWHGWKDWGLIIHUHQWVWLPXODWLRQIUHTXHQFLHVDQGWUHDWPHQWGXUDWLRQ
RIWKHPDJQHWLFVWLPXODWLRQ06DUHLPSRUWDQWIDFWRUVDIIHFWLQJ1(V\QWKH
VLVDQGUHOHDVHXVLQJ6+6<<KXPDQQHXUREODVWRPDFHOOVDVDPRGHO7KH
PROHFXODUEDVLVRIGHSUHVVLRQDQGLWVWUHDWPHQWDUHWKRXJKWWRLQYROYHDOWHUHG
LQWUDFHOOXODUSDWKZD\V:HKDYHIXUWKHULQYHVWLJDWHGWKHLQWUDFHOOXODUVLJQDO
LQJDIIHFWHGE\06VXEVHTXHQWWRLWVHIIHFWVRQPRQRDPLQHVWXUQRYHUUDWHV
LQ6+6<<FHOOV$W WKHPROHFXODU OHYHO UHSHDWHG WUHDWPHQW +]VHF
 WUHDWPHQWV LQ  GD\V DIIHFWHG WKH VWUHVV VLJQDO SDWKZD\ DOWHULQJ KHDW
VKRFNSURWHLQ KVSH[SUHVVLRQEXWQRW WKDWRI WKH&5(%VLJQDOSDWKZD\
DV REVHUYHG LQ D'1$+XPDQ3DWKZD\)LQGHUPLFURDUUD\ *($UUD\.LW
6XSSHU$UUD\,QFDQGYHUL¿HGE\573&5$VLQJOHWUHDWPHQW+]VHF
DOWHUHGKVSH[SUHVVLRQEXWQRWWKDWRIKVSLQDWLPHGHSHQGHQWPDQQHU
7DNHQ WRJHWKHU U706 HIIHFWV RQ1(PHWDEROLVP DQG RQP51$ OHYHOV RI
KVSVVXJJHVW WKDW WKHU706FOLQLFDOHI¿FDF\PD\ LQYROYHDOWHUDWLRQRI WKH
VWUHVVUHODWHGVLJQDOWUDQVGXFWLRQSDWKZD\
6
7KH(IIHFWVRIU706DQG(&7RQ&RUWLFDO([FLWDELOLW\LQ
3DWLHQWVZLWK0DMRU'HSUHVVLRQ5HODWLRQVKLSWR7UHDWPHQW
2XWFRPH
(KXG.OHLQ
'HSDUWPHQWRI3V\FKLDWU\5DPEDP0HGLFDO&HQWHU+DLID,VUDHO
2EMHFWLYHV 7KH DQWLGHSUHVVDQW DFWLRQ RI ERWK HOHFWURFRQYXOVLYH WKHUDS\
(&7DQGUHSHWLWLYHWUDQVFUDQLDOPDJQHWLFVWLPXODWLRQU706FRXOGEHUH
ODWHGWRWKHLUDELOLW\WRPRGXODWHFRUWLFDOH[FLWDELOLW\7KHDLPWKLVVWXG\ZDV
WRHYDOXDWHHIIHFWVRI(&7DQGU706RQFRUWLFDOH[FLWDELOLW\LQSDWLHQWVZLWK
PDMRUGHSUHVVLRQ0'DQGWKHLUUHODWLRQVKLSWRWUHDWPHQWRXWFRPH
0HWKRGV(LJKW\RQHFRQVHQWLQJSDWLHQWVZLWK0'ZHUHHQUROOHGLQWRRQH
RIWZRVWXG\SURWRFROV3URWRFROQ FRPSDUHGLQDGRXEOHEOLQGGHVLJQ
WKH WKHUDSHXWLF HI¿FDF\ DQG FKDQJHV LQ FRUWLFDO H[FLWDELOLW\ IROORZLQJ 
VHVVLRQV RI U706 DGPLQLVWHUHG DW GLIIHUHQW IUHTXHQFLHV DQG WR GLIIHUHQW
VLGHVDQGSKDUPDFRORJLFDOWUHDWPHQWV,QSURWRFROQ WKHVKRUWWHUP
DQG FXPXODWLYH HIIHFWV RI (&7 RQ FRUWLFDO H[FLWDELOLW\ZHUH VWXGLHG7KH
SDUDPHWHUVRIFRUWLFDOH[FLWDELOLW\DVVHVVHGZHUHWKHUHVWLQJU07DQGDF
WLYHD07PRWRUWKUHVKROGVWKHVL]HRIWKHPRWRUHYRNHGSRWHQWLDO0(3
0ZDYH DUHD UDWLR VLOHQW SHULRG GXUDWLRQ 63' LQWUDFRUWLFDO LQKLELWLRQ
,&,DQGLQWUDFRUWLFDOIDFLOLWDWLRQ,&)6HYHULW\RIGHSUHVVLRQZDVEOLQGO\
DVVHVVHGE\WKH+DPLOWRQ'HSUHVVLRQ5DWLQJ6FDOH+'56
5HVXOWV$VLJQL¿FDQWLQFUHDVHRIWKH0(30ZDYHDPSOLWXGHUDWLRVXJJHVW
LQJ DQ HQKDQFHPHQW RI WKH JOREDO FRUWLFRVSLQDO H[FLWDELOLW\ZDV REVHUYHG
LQWKHOHIWKHPLVSKHUHLQSDWLHQWVZKRKDGDPDUNHGFOLQLFDOLPSURYHPHQW
UHGXFWLRQLQ+'56E\RUPRUHDIWHU(&7RUU706WUHDWPHQWV7KLV
ZDVDVVRFLDWHGZLWKDVLJQL¿FDQWUHGXFWLRQRIWKHOHIWKHPLVSKHUH63'DQG
,&,UHÀHFWLQJDVXSSUHVVLRQRIWKHLQWUDFRUWLFDO*$%$HUJLFLQKLELWLRQ1R
VLJQL¿FDQWFKDQJHVLQSDUDPHWHUVRIFRUWLFDOH[FLWDELOLW\ZHUHIRXQGLQWKH
ULJKW KHPLVSKHUH ,Q SDWLHQWV ZKR IDLOHG WR LPSURYH FRUWLFDO H[FLWDELOLW\
UHPDLQHGXQFKDQJHG
&RQFOXVLRQV7KHUHVXOWVRIWKLVVWXG\VXJJHVWWKDWHQKDQFHPHQWRIFRUWLFDO
H[FLWDELOLW\LQWKHOHIWKHPLVSKHUHLVVKDUHGE\ERWKU706DQG(&7DQGPD\
EHUHODWHGWRWKHLUDQWLGHSUHVVDQWDFWLRQ
6
5LJKW'RUVRODWHUDO3UHIURQWDO&RUWH[5HSHWLWLYH7UDQVFUDQLDO
0DJQHWLF6WLPXODWLRQLQ3RVW7UDXPDWLF6WUHVV'LVRUGHU$
GRXEOHEOLQGSODFHERFRQWUROOHGVWXG\
&RKHQ+DJLW*ULVDUX1LPURG
%HHUVKHYD0HQWDO+HDOWK&HQWHUDQG%HQ*XULRQ8QLYHUVLW\RIWKH
1HJHY,VUDHO
2EMHFWLYHV7RVWXG\WKHHI¿FDF\RIUHSHWLWLYHWUDQVFUDQLDOPDJQHWLFVWLPX
ODWLRQU706RIWKHULJKWSUHIURQWDOFRUWH[LQSRVWWUDXPDWLFVWUHVVGLVRUGHU
376'SDWLHQWVXQGHUGRXEOHEOLQGSODFHERFRQWUROOHGFRQGLWLRQV
0HWKRGV7ZHQW\IRXUSDWLHQWVZLWK376'ZHUHUDQGRPO\DVVLJQHGWRUH
FHLYHU706DWORZIUHTXHQF\RUKLJKIUHTXHQF\VWLPXODWLRQRUVKDPU706LQ
DGRXEOHEOLQGGHVLJQ7UHDWPHQWZDVDGPLQLVWHUHGLQGDLO\VHVVLRQVRYHU
DZHHNSHULRG6HYHULW\RI376'GHSUHVVLRQDQGDQ[LHW\ZHUHEOLQGO\DV
VHVVHGEHIRUHGXULQJDQGDIWHUFRPSOHWLRQRIWKHWUHDWPHQWSURWRFRO
5HVXOWV7KH¿QGLQJVGHPRQVWUDWHWKDWWHQGDLO\WUHDWPHQWVRI+]U706
DWPRWRU WKUHVKROG07RYHU WKHULJKWGRUVRODWHUDOSUHIURQWDOFRUWH[
KDGWKHUDSHXWLFHIIHFWVRQ376'SDWLHQWV376'FRUHV\PSWRPVUHH[SHUL
HQFLQJDYRLGDQFHPDUNHGO\LPSURYHGZLWKWKHDERYHWUHDWPHQW0RUHRYHU
WHQ GDLO\ WUHDWPHQWV RI KLJKIUHTXHQF\ U706 RYHU WKH ULJKW GRUVRODWHUDO
SUHIURQWDOFRUWH[DOOHYLDWHGDQ[LHW\V\PSWRPVLQ376'SDWLHQWV
&RQFOXVLRQV7KLVGRXEOHEOLQGFRQWUROOHGWULDOVXJJHVWVWKDWLQ376'SDWLHQWV
WHQGDLO\VHVVLRQVRIULJKWGRUVRODWHUDOSUHIURQWDOU706DWKLJKIUHTXHQF\VWLP
XOLKDVJUHDWHUWKHUDSHXWLFHIIHFWVWKDQVORZIUHTXHQF\RUVKDPVWLPXODWLRQ
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6
$UHWKH$QWLGHSUHVVDQW(IIHFWVRI706DQGU706&OLQLFDOO\
5HOHYDQW"
/HRQ*UXQKDXV
6KHED0HGLFDO&HQWHUDQG6DFNOHU0HGLFDO6FKRRO7HO$YLY
8QLYHUVLW\,VUDHO
7KH¿UVWFRQWUROOHGVWXGLHVRQWKHFOLQLFDOHIIHFWVRI WUDQVFUDQLDOPDJQHWLF
VWLPXODWLRQ706LQGHSUHVVLRQZHUHSXEOLVKHGLQDQG,QWKHVH
LQLWLDOSXEOLFDWLRQV WKHSRVVLELOLW\ WKDW706ZRXOGFRQVWLWXWHDQHZ WUHDW
PHQWPRGDOLW\IRUGHSUHVVLRQUDLVHGFRQVLGHUDEOHLQWHUHVWDPRQJFOLQLFLDQV
SDWLHQWVDQGWKHJHQHUDOSXEOLF+DVWKLVLQLWLDOSURPLVHEHHQIXO¿OOHG"'R
ZH NQRZ KRZ HIIHFWLYH 706 LV" 'R ZH NQRZ ZKLFK SDWLHQWV DUH PRUH
UHVSRQVLYH WR WKLV IRUPRI WUHDWPHQW"7KH:)6%3FRQJUHVV VHHPVDYHU\
DSSURSULDWHIRUXPWRUHYLHZWKH¿UVWGHFDGHRIUHVHDUFKRI706LQGHSUHV
VLRQ
,QWKLVSUHVHQWDWLRQWKHDXWKRUZLOOUHYLHZWKHUHOHYDQWOLWHUDWXUHRQWKHFOLQL
FDOHIIHFWVRI706LQGHSUHVVLRQ7KHDXWKRUZLOODOVRHPSKDVL]HWKHVWXGLHV
SHUIRUPHG E\ KLV JURXS FRPSDULQJ706 DQG(&7 LQ VHYHUHO\ GHSUHVVLYH
LQGLYLGXDOV LQFOXGLQJ UHFHQW ¿QGLQJ UHJDUGLQJ SUHGLFWRUV RI UHVSRQVH WR
706
)LQDOO\WKHTXHVWLRQRIZKHWKHU706FDQEHRIIHUHGWRGHSUHVVHGSDWLHQWV
RXWVLGH RI UHVHDUFK SURWRFROV DV D WUHDWPHQW IRU WKHLU FRQGLWLRQ ZLOO EH
GLVFXVVHG
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$GYDQFHVLQ'LDJQRVLVDQG7UHDWPHQWRI6OHHS'LVRUGHUV
5HODWHGWR3V\FKLDWULF,OOQHVV
6
$GYDQFHVLQWKH$XWRPDWLF&ODVVLILFDWLRQRI6OHHS7KH
6RPQRO\]HU[9DOLGDWHGE\WKH6LHVWD'DWDEDVH
3HWHU$QGHUHU
'HSDUWPHQWRI3V\FKLDWU\0HGLFDO8QLYHUVLW\RI9LHQQD$XVWULD
%HUQG6DOHWX*HRUJ*UXEHU6LOYLD3DUDSDWLFV0LFKDHO:RHUW]
-RVHI=HLWOKRIHU*HRUJ'RUIIQHU
2EMHFWLYHV7RGDWH WKHRQO\VWDQGDUGIRU WKHFODVVL¿FDWLRQRIVOHHS((*
UHFRUGLQJVWKDWKDVIRXQGZRUOGZLGHDFFHSWDQFHDUHWKHUXOHVSXEOLVKHGLQ
E\5HFKWVFKDIIHQDQG.DOHV(YHQWKRXJKVHYHUDODWWHPSWVKDYHEHHQ
PDGH WR DXWRPDWH WKH FODVVL¿FDWLRQ SURFHVV VR IDU QR PHWKRG KDV EHHQ
SXEOLVKHGWKDWKDVSURYHQLWVYDOLGLW\LQDVWXG\LQFOXGLQJDVXI¿FLHQWO\ODUJH
QXPEHURIFRQWUROVDQGSDWLHQWVRIDOODGXOWDJHUDQJHV7KHSUHVHQWSDSHU
GHVFULEHV WKHGHYHORSPHQWDQGRSWLPL]DWLRQRIDQDXWRPDWLFFODVVL¿FDWLRQ
V\VWHP WKDW LVEDVHGRQRQHFHQWUDO((*FKDQQHO WZR(2*FKDQQHOVDQG
RQHFKLQ(0*FKDQQHO,WDGKHUHVWRWKHGHFLVLRQUXOHVIRUYLVXDOVFRULQJDV
FORVHO\DVSRVVLEOHDQGLQFOXGHVDVWUXFWXUHGTXDOLW\FRQWUROSURFHGXUHE\D
KXPDQH[SHUW
0HWKRGV 7KH ¿QDO V\VWHP 6RPQRO\]HU [ FRQVLVWV RI D UDZ GDWD
TXDOLW\FKHFNDIHDWXUHH[WUDFWLRQDOJRULWKPGHQVLW\DQGLQWHQVLW\RIVOHHS
ZDNHUHODWHGSDWWHUQV VXFK DV VOHHS VSLQGOHV GHOWDZDYHV VORZDQG UDSLG
H\HPRYHPHQWV D IHDWXUHPDWUL[SODXVLELOLW\ FKHFN D FODVVL¿HUGHVLJQHG
DVDQH[SHUWV\VWHPDUXOHEDVHGVPRRWKLQJSURFHGXUHIRUWKHVWDUWDQGWKH
HQGRIVWDJHV5(0DQGDQG¿QDOO\DVWDWLVWLFDOFRPSDULVRQ WRDJHDQG
VH[PDWFKHG QRUPDO KHDOWK\ FRQWUROV 6LHVWD 6SRW 5HSRUW 7KH H[SHUW
V\VWHP FRQVLGHUV GLIIHUHQW SULRU SUREDELOLWLHV RI VWDJH FKDQJHV GHSHQGLQJ
RQ WKH SUHFHGLQJ VOHHS VWDJH WKH RFFXUUHQFH RI DPRYHPHQW DURXVDO DQG
WKHSRVLWLRQRI WKHHSRFKZLWKLQ WKH15(05(0VOHHSF\FOHV0RUHRYHU
UHVXOWVREWDLQHGZLWKDQGZLWKRXWXVLQJWKHFKLQ(0*VLJQDODUHFRPELQHG
7KH 6LHVWD SRO\VRPQRJUDSKLF GDWDEDVH  UHFRUGLQJV LQ ERWK QRUPDO
KHDOWK\VXEMHFWVDJHGWR\HDUVDQGSDWLHQWVVXIIHULQJIURPRUJDQLFRU
QRQRUJDQLFVOHHSGLVRUGHUVZDVVSOLWLQWRWZRKDOYHVZKLFKZHUHUDQGRPO\
DVVLJQHGWRDWUDLQLQJDQGDYDOLGDWLRQVHWUHVSHFWLYHO\
5HVXOWV7KHYDOLGDWLRQ UHYHDOHGDQRYHUDOO HSRFKE\HSRFKDJUHHPHQWRI
&RKHQ¶V.DSSDEHWZHHQWKH6RPQRO\]HU[DQGWKHKXPDQ
H[SHUWVFRULQJDVFRPSDUHGZLWKDQLQWHUUDWHUUHOLDELOLW\RI&RKHQ¶V
.DSSD  EHWZHHQ WZR KXPDQ H[SHUWV VFRULQJ WKH VDPH GDWDVHW 7ZR
6RPQRO\]HU [ DQDO\VHV LQFOXGLQJ D VWUXFWXUHG TXDOLW\ FRQWURO E\ WZR
KXPDQH[SHUWVUHYHDOHGDQLQWHUUDWHUUHOLDELOLW\FORVHWR&RKHQ¶V.DSSD
ZKLFKFRQ¿UPHGWKDWWKHYDULDELOLW\LQGXFHGE\WKHTXDOLW\FRQWURO
SURFHGXUHZKHUHE\DSSUR[LPDWHO\RIWKHHSRFKVLQRIWKHUHFRUG
LQJVDUHFKDQJHGFDQGH¿QLWHO\EHQHJOHFWHG
&RQFOXVLRQV7KHYDOLGDWLRQVWXG\SURYHGWKHKLJKUHOLDELOLW\DQGYDOLGLW\RI
WKH6RPQRO\]HU[DQGGHPRQVWUDWHGLWVDSSOLFDELOLW\LQFOLQLFDOURXWLQH
DQGVOHHSVWXGLHV
5HIHUHQFHV
$QGHUHU3*UXEHU*3DUDSDWLFV6:RHUW]00LD]K\QVNDLD7.O|VFK*
=HLWOKRIHU-%DUEDQRM0-'DQNHU+RSIH++LPDQHQ6/.HPS%3HQ]HO
75|VFKNH-*U|]LQJHU0.XQ]'5DSSHOVEHUJHU36DOHWX%'RUIIQHU*
$Q(+HDOWK6ROXWLRQIRU$XWRPDWLF6OHHS&ODVVL¿FDWLRQDFFRUGLQJ
WR5HFKWVFKDIIHQDQG.DOHV9DOLGDWLRQ6WXG\RIWKH6RPQRO\]HU[XWLOL]
LQJWKH6LHVWD'DWDEDVH1HXURSV\FKRELRORJ\LQSUHVV
6
6OHHS'LVRUGHUVLQ%LSRODU3DWLHQWV
&RQVWDQWLQ56ROGDWRV
8QLYHUVLW\RI$WKHQV*UHHFH
7KRPDV-3DSDUULJRSRXORV
'LVWXUEHG VOHHS LV FRQVLGHUHG D FDUGLQDO V\PSWRP RI DIIHFWLYH GLVRUGHUV
'XULQJ GHSUHVVLRQ SDWLHQWV KDYH GLI¿FXOW\ LQ VOHHS LQGXFWLRQ DQG VOHHS
PDLQWHQDQFHGXULQJHSLVRGHVRIPDQLDKRZHYHUDOWKRXJKWKH\PD\VOHHS
HYHQOHVVWKDQZKLOHGHSUHVVHGWKH\XVXDOO\GRQRWSUHVHQWZLWKDFRPSODLQW
RI LQVRPQLD 6OHHS ODERUDWRU\ UHFRUGLQJV RI HLWKHU GHSUHVVHG RU PDQLF
SDWLHQWVVKRZUHGXFHGVOHHSHI¿FLHQF\PRUHVWDJHVOHHSDQGPRUHVKLIWV
IURPRQHVWDJHWRDQRWKHUFRPSDUHGWRFRQWUROLQGLYLGXDOV7KHVH¿QGLQJV
WRJHWKHUZLWKDUHGXFHGDPRXQWRIVORZZDYHVOHHSDQGDQDEQRUPDOGLVWUL
EXWLRQRIGHOWDDFWLYLW\WKURXJKRXWWKHQLJKWLQGLFDWHWKDWVOHHSLQGHSUHV
VLRQDQGPDQLDLVXVXDOO\QRWRQO\FXUWDLOHGEXWLVDOVRTXLWHXQVWDEOHDQG
VKDOORZ)XUWKHUPRUHD5(0VOHHSGLVLQKLELWLRQH[SUHVVHGDVDVKRUWHQHG
5(0ODWHQF\DQGDQ LQFUHDVHG5(0GHQVLW\ LVDFRPPRQIHDWXUHRIERWK
WKH GHSUHVVHG DQGPDQLF VWDWH%LRORJLFDO WUHDWPHQWV KDYHEHHQ VKRZQ WR
QRUPDOL]HPRVWRIWKHVHVOHHSDEHUUDWLRQV8QIRUWXQDWHO\WKHGLDJQRVWLFXWLO
LW\RIVOHHSSDWWHUQVLQSV\FKLDWU\KDVQRWEHHQVKRZQWREHRIDSSUHFLDEOH
YDOXHLQHYHU\GD\SUDFWLFHKRZHYHUIURPDFOLQLFDOVWDQGSRLQWDUHGXFWLRQ
RIVOHHSGXUDWLRQPD\KDYHDSUHGLFWLYHYDOXHLQWKHHDUO\GLDJQRVLVRIUH
ODSVHRIDQDIIHFWLYHHSLVRGH0RUHRYHUVOHHSODERUDWRU\¿QGLQJVPD\KHOS
WR HOXFLGDWH WKH XQGHUO\LQJ SDWKRSK\VLRORJLFDOPHFKDQLVPV RI GHSUHVVLRQ
DQGPDQLDDQGHYHQWXDOO\SURYLGHLPSRUWDQWLQIRUPDWLRQRQWKHELRORJLFDO
DQGJHQHWLFKHWHURJHQHLW\RI WKHVHGLVRUGHUVZLWKSRWHQWLDOSURJQRVWLFDQG
WKHUDSHXWLFLPSOLFDWLRQV
6
6OHHSDQG1HXURHQGRFULQRORJ\LQWKH3UHGLFWLRQRI$IIHFWLYH
'LVRUGHUV
0DUWLQ+DW]LQJHU
3V\FKLDWULF8QLYHUVLW\&OLQLFV83.%DVHO6ZLW]HUODQG
6HUJH%UDQG8OULFK0LFKDHO+HPPHWHU.DWULQ%DXPDQQ
0DUFXV,VLQJ(GLWK+ROVERHU7UDFKVOHU
2EMHFWLYHV,QWKHPDMRULW\RIGHSUHVVHGSDWLHQWVQHXURELRORJLFDODOWHUDWLRQV
DUHZHOOGRFXPHQWHG¿QGLQJVLHG\VUHJXODWLRQRIK\SRWKDODPLFSLWXLWDU\
DGUHQRFRUWLFDO +3$ V\VWHP IXQFWLRQ DQGRU FKDUDFWHULVWLF DOWHUDWLRQV LQ
((*VOHHSPHDVXUHVOLNHGLVWXUEHGVOHHSPDLQWHQDQFHDGH¿FLWRIVORZZDYH
VOHHS6:6HVSHFLDOO\GXULQJ WKH¿UVWVOHHSF\FOHDQHDUOLHURQVHWRI WKH
¿UVWUDSLGH\HPRYHPHQW5(0VOHHSSHULRGVKRUWHQHG5(0ODWHQF\DQG
LQFUHDVHGGHQVLW\RI5(0GXULQJ5(0VOHHS5(0GHQVLW\+RZHYHUWKH
FRXUVHDQGWKHSUHGLFWLYHYDOXHRIWKHVHDOWHUDWLRQVIRUWUHDWPHQWRXWFRPHDV
ZHOODVIRUORQJWHUPFRXUVHRIGHSUHVVLRQVWLOOZDUUDQWVFODUL¿FDWLRQ7KHUH
IRUHZHH[DPLQHGZKHWKHU  WKHSUHYLRXVFOLQLFDOFRXUVHRIGHSUHVVLRQ
WUHDWPHQWUHVSRQVHGXULQJDVWDQGDUGDQWLGHSUHVVDQWWKHUDS\DQGWKH
ORQJWHUPRXWFRPH LQ IROORZXS DUH DVVRFLDWHGZLWK DEQRUPDO((* VOHHS
SDUDPHWHUV6LQFHWKHK\SRWKDODPLFSLWXLWDU\DGUHQRFRUWLFDO+3$V\VWHP
VHHPVWRSOD\DFUXFLDOUROHLQWUHDWPHQWRXWFRPHDQGFRXUVHRIGHSUHVVLRQ
ZHHYDOXDWHG+3$V\VWHPIXQFWLRQDVZHOO
0HWKRGVSDWLHQWVPHQZRPHQDJH±ZLWKPDMRUGHSUHVVLRQ
,&'))RU)ZLWKRXWSV\FKRWLF IHDWXUHVZHUHFRQVHFXWLYHO\
HQUROOHG LQ WKH VWXG\ +3$ V\VWHP DVVHVVPHQW XVLQJ WKH FRPELQHG'(;
&5+WHVWDQGVOHHS((*VWXGLHVZHUHFRQGXFWHGDWEDVHOLQHDIWHUDZHHN
WUHDWPHQW SHULRGZLWK D VWDQGDUG DQWLGHSUHVVDQW WULPLSUDPLQH PJG
DQGDWIROORZXSDIWHUORQJWHUPFRXUVHLHDIWHUWR\HDUVDIWHUUHPLV
VLRQRIWKHLQGH[HSLVRGH5HFXUUHQFHUDWHVUHÀHFWHGDVSURSRUWLRQEHWZHHQ
QXPEHURIUHFXUUHQFHVDQGWLPHEHWZHHQEDVHOLQHLQYHVWLJDWLRQDQGUHHYDOX
DWLRQFRQVWLWXWHGWKHPDMRURXWFRPHYDULDEOH
5HVXOWV  7KH SUHYLRXV FOLQLFDO FRXUVH DV UHÀHFWHG E\ WKH QXPEHU RI
HSLVRGHVXQWLOEDVHOLQHFRUUHODWHGVLJQL¿FDQWO\ZLWK((*VOHHSPHDVXUHVLH
VOHHSFRQWLQXLW\YDOXHVDQG6:66SHDUPDQ¶VUKRU S
'XULQJ WUHDWPHQWVOHHSFRQWLQXLW\YDOXHV LPSURYHGDQG WKHFRUUHODWLRQ
ZLWK WKHSUHYLRXV ORQJWHUPFRXUVHGLVDSSHDUHG+RZHYHU WKHFRUUHODWLRQ
ZLWK6:6SHUVLVWHGU S
,QWKHSURVSHFWLYHORQJWHUPRXWFRPH6:6U SDQG5(0
GHQVLW\U SYDULDEOHVZHUHUHODWHGWRWKHRFFXUUHQFHRIUHFXU
UHQFHVLQIROORZXS7KHVHLGHQWL¿HGVOHHS((*PDUNHUVFRUUHODWHGFORVHO\
ZLWK +3$ V\VWHP UHJXODWLRQ 6:6 YDOXHV VKRZHG D QHJDWLYH U EHWZHHQ
±DQG±SDQG5(0GHQVLW\DSRVLWLYHFRUUHODWLRQUEHWZHHQ
DQGSZLWKLQFUHDVHG+3$DFWLYLW\
&RQFOXVLRQV6:6HVSHFLDOO\GXULQJ WKH¿UVWVOHHSF\FOHDQG5(0GHQ
VLW\ DUHRI SUHGLFWLYHYDOXH IRU WKH ORQJWHUPFRXUVHRIPDMRUGHSUHVVLRQ
)XUWKHUPRUH WKHVH VOHHS DOWHUDWLRQV DUH FORVHO\ UHODWHG WR +3$ V\VWHP
G\VUHJXODWLRQ7KLV¿QGLQJLVLQDFFRUGDQFHZLWKWKHH[WHQGHGQHXURSK\VL
RORJLFDOQHXURHQGRFULQRORJLFDO WZRSURFHVVPRGHORIVOHHSUHJXODWLRQDQG
LWVLPSOLFDWLRQIRUGHSUHVVLRQ
/4(%2¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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6OHHS'LVRUGHUVLQ6FKL]RSKUHQLDDQGWKH(IIHFWVRI
$QWLSV\FKRWLF'UXJV
-DLPH00RQWL
&OLQLFV+RVSLWDO6FKRRORI0HGLFLQH0RQWHYLGHR8UXJXD\
,QVRPQLDLVDFRPPRQIHDWXUHLQVFKL]RSKUHQLD+RZHYHULWVHOGRPLVWKH
SUHGRPLQDQWFRPSODLQW1HYHUWKHOHVVVHYHUHLQVRPQLDLVRIWHQVHHQGXULQJ
H[DFHUEDWLRQVRIVFKL]RSKUHQLDDQGPD\DFWXDOO\SUHFHGHWKHDSSHDUDQFHRI
RWKHUV\PSWRPVRIUHODSVH7KHVOHHSGLVWXUEDQFHRIHLWKHUQHYHUPHGLFDWHG
RUSUHYLRXVO\WUHDWHGVFKL]RSKUHQLDSDWLHQWVLVFKDUDFWHUL]HGE\DQLQFUHDVH
RIVWDJHVOHHSODWHQF\DQGZDNHWLPHDIWHUVOHHSRQVHWDQGDUHGXFWLRQRI
WRWDOVOHHSWLPHDQGVOHHSHI¿FLHQF\,QDGGLWLRQVWDJHVOHHSVORZZDYH
VOHHSDQG5(0ODWHQF\DUHFRQVLVWHQWO\GHFUHDVHG
7KHGRSDPLQH'$K\SRWKHVLVRIVFKL]RSKUHQLDVWDWHV WKDW WKHV\PSWRPV
RIVFKL]RSKUHQLDGHSHQGXSRQWKHLQFUHDVHGGHQVLW\RI'UHFHSWRUVDQGWKH
HQKDQFHG VHQVLWLYLW\ RI GRSDPLQHUJLF WUDQVPLVVLRQ 2Q WKH EDVLV RI WKLV
SURSRVDO LW FRXOG EH SURSRVHG WKDW WKH VOHHS GLVWXUEDQFH RI VFKL]RSKUHQLD
SDWLHQWV LV UHODWHG WR DQRYHUDFWLYLW\RI WKHGRSDPLQHUJLF V\VWHP ,QGLUHFW
HYLGHQFHGHULYHGIURPSKDUPDFRORJLFDOVWXGLHVWHQGVWRVXSSRUWWKLVFRQWHQ
WLRQ$FFRUGLQJO\WKH'$'SUHIHUULQJDJRQLVWVDSRPRUSKLQHEURPRFULS
WLQHDQGSHUJROLGHKDYHEHHQVKRZQWRHQKDQFHZDNHIXOQHVVDQGWRUHGXFH
VORZZDYHVOHHSDQG5(0VOHHSZKHQDGPLQLVWHUHGWRODERUDWRU\DQLPDOVDW
GRVHVWKDWLQWHUDFWZLWKSRVWV\QDSWLF'UHFHSWRUV,QFRQWUDVW<0
DVXEVWLWXWHGEHQ]DPLGHWKDWVHOHFWLYHO\EORFNV'UHFHSWRUVLQFUHDVHVOLJKW
VOHHS7KHSRVVLELOLW\UHPDLQVWKDWLQVRPQLDLQVFKL]RSKUHQLDSDWLHQWVLVQRW
H[FOXVLYHO\'$GHSHQGHQWEXWWKDWRWKHUQHXURWUDQVPLWWHUV\VWHPVDUHDOVR
LQYROYHG LQ WKH GLVUXSWLRQ RI WKLV EHKDYLRUDO VWDWH ,Q WKLV UHVSHFW UHFHQW
QHXURDQDWRPLFDxDQGQHXURFKHPLFDOVWXGLHVKDYHSURYLGHGHYLGHQFHIRUD
GHFUHDVH RI ȖDPLQREXW\ULF DFLG *$%$HUJLF QHXURWUDQVPLVVLRQ SOD\LQJ
D UROH LQ WKH SDWKRSK\VLRORJ\ RI VFKL]RSKUHQLD 7KXV D GHFUHDVH LQ WKH
IXQFWLRQDODFWLYLW\RIWKH*$%$HUJLFV\VWHPFRXOGDGGWRWKHRYHUDFWLYLW\
RIWKHGRSDPLQHUJLFV\VWHPLQWKHSURPRWLRQRILQVRPQLDLQVFKL]RSKUHQLD
SDWLHQWV
7KHDW\SLFDODQWLSV\FKRWLFVRODQ]DSLQH ULVSHULGRQHDQGFOR]DSLQHVLJQL¿
FDQWO\LQFUHDVHWRWDOVOHHSWLPHDQGVWDJHVOHHS0RUHRYHURODQ]DSLQHDQG
ULVSHULGRQHHQKDQFHVORZZDYHVOHHS2QWKHRWKHUKDQGWKHW\SLFDODQWLS
V\FKRWLFVKDORSHULGROWKLRWKL[HQHDQGÀXSHQWL[ROVLJQL¿FDQWO\UHGXFHVWDJH
VOHHSODWHQF\DQGLQFUHDVHVOHHSHI¿FLHQF\
7\SLFDODQGDQW\SLFDODQWLSV\FKRWLFVELQGWRDZLGHYDULHW\RI&16UHFHS
WRUV7KH\SURGXFH WKHLUHIIHFWVE\EORFNLQJGRSDPLQH ''''
VHURWRQLQ+7$+7&+7+7ĮDGUHQHUJLFĮĮKLVWDPLQH
+$ + DQG DFHW\OFKROLQH PXVFDULQLF UHFHSWRUV ,UUHVSHFWLYH RI WKHLU
FKHPLFDO VWUXFWXUH DQWLSV\FKRWLFV VKRZ LQWHUPHGLDWH FOR]DSLQH WR KLJK
KDORSHULGRO ÀXSHQWL[RO WKLRWKL[HQH RODQ]DSLQH ULVSHULGRQH DI¿QLW\ IRU
WKH'UHFHSWRU,QDGGLWLRQFOR]DSLQHDQGRODQ]DSLQHKDYHLQWHUPHGLDWHDQG
KLJKDI¿QLW\ IRU WKH' UHFHSWRU UHVSHFWLYHO\ ,QFRQWUDVW WR WKHFODVVLFDO
DQWLSV\FKRWLFVWKHQHZHUDQWLSV\FKRWLFVVKRZKLJKDI¿QLW\IRUWKHVHURWRQLQ
+7$UHFHSWRUDQGWRDOHVVHUH[WHQWIRUWKH+7&+7DQG+7UH
FHSWRU2ODQ]DSLQHULVSHULGRQHDQGFOR]DSLQHELQGZLWKKLJKDI¿QLW\WRWKH
ĮDGUHQRFHSWRUZKHUHDVRODQ]DSLQHDQGFOR]DSLQHGLVSOD\KLJKDI¿QLW\IRU
ERWKWKH+$+DQGWKHDFHW\OFKROLQHPXVFDULQLFUHFHSWRU7KHEORFNDGH
RI'UHFHSWRUVFRXOGEHSDUWO\UHVSRQVLEOHIRUWKHLPSURYHPHQWRIVOHHSLQ
VFKL]RSKUHQLDSDWLHQWV+RZHYHUWKHDPHOLRUDWLRQRIVOHHSVHHPVWREHDOVR
UHODWHG WR WKH EORFNDGH RI Į+ DQG FKROLQHUJLF PXVFDULQLF UHFHSWRUV
7KLVLVEDVHGRQWKHSUHPLVHWKDWĮUHFHSWRU¿UVWJHQHUDWLRQ+UHFHSWRU
RU FKROLQHUJLF PXVFDULQLF UHFHSWRU DQWDJRQLVWV SURGXFH VRPQROHQFH DQ
LQFUHDVHGOLNHOLKRRGRIIDOOLQJDVOHHSDPGUHGXFHGFRQFHQWUDWLRQ
5HIHUHQFHV
-00RQWLDQG'0RQWL6OHHSLQVFKL]RSKUHQLDSDWLHQWVDQGWKHHIIHFWVRI
DQWLSV\FKRWLFGUXJV6OHHS0HGLFLQH5HYLHZV
6
7KH7UHDWPHQWRI6OHHS'LVWXUEDQFHVLQ$O]KHLPHUµV'LVHDVH
0LFKDHO99LWLHOOR
8QLYHUVLW\RI:DVKLQJWRQ86$
6XVDQ0F&XUU\
2EMHFWLYHV$O]KHLPHU¶VGLVHDVH$'LVWKHPRVWFRPPRQIRUPRIODWHOLIH
GHPHQWLD6LJQL¿FDQWVOHHSGLVWXUEDQFHVDUHKLJKO\SUHYDOHQWLQ$'DIIHFW
LQJDVPXFKDVKDOIRIFOLQLFEDVHGRUFRPPXQLW\$'VDPSOHV7KHPDMRU
FDXVHV RI VOHHSGLVUXSWLRQ LQ GHPHQWLD LQFOXGH  SK\VLRORJLFDO FKDQJHV
WKDWDULVHDVSDUWRIQRUPDO³QRQSDWKRORJLFDO´DJLQJ  VOHHSSUREOHPV
GXH WRSK\VLFDORUSV\FKLDWULF LOOQHVVRU WKHLU WUHDWPHQW SULPDU\VOHHS
GLVRUGHUV  SRRU ³VOHHS K\JLHQH´ RU VOHHSUHODWHG KDELWV ZKLFK FDQ
LQFOXGHSDWWHUQVRIGD\WLPHVOHHSLQJHVWDEOLVKHGRYHU ORQJ\HDUVRIQLJKW
VKLIW ZRUN WKDW EHFRPHPDODGDSWLYH LQ WKH UHWLUHPHQW \HDUV RU  VRPH
FRPELQDWLRQRIWKHVHIDFWRUV:HEULHÀ\UHYLHZWKHVHYDULRXVFDXVHVRIVOHHS
GLVWXUEDQFHLQ$'DQGGHVFULEH³VWDWHRIWKHDUW´WUHDWPHQWIRUWKHVHVOHHS
GLVWXUEDQFHV
&RQFOXVLRQV (IIHFWLYHO\ HYDOXDWLQJ DQG WUHDWLQJ GLVWXUEHG VOHHS LQ DQ
$' SDWLHQW UHTXLUHV DQ DSSUHFLDWLRQ RI WKHPDQ\ZD\V WKDW VOHHS FDQ EH
GLVWXUEHG LQ VXFK LQGLYLGXDOV FRPELQHGZLWK DZLOOLQJQHVV WR SDUVHZKDW
WKRVHFDVXDODJHQWVPLJKWEHIRUWKDWSDUWLFXODULQGLYLGXDODQGWKHQPDUVKDO
WKHPRVWHIIHFWLYHWUHDWPHQWIRUHDFKRIWKHP$FFXUDWHDVVHVVPHQWRIVOHHS
GLVWXUEDQFHVLQGHPHQWHGSDWLHQWVFDQRQO\EHDFFRPSOLVKHGHIIHFWLYHO\ZLWK
DIXOODSSUHFLDWLRQRIDVVRFLDWHGPHGLFDOGLVRUGHUVFXUUHQWGUXJWUHDWPHQWV
SV\FKRSDWKRORJ\SULPDU\VOHHSGLVRUGHUVDQGEHKDYLRUDODQGHQYLURQPHQ
WDOFRQGLWLRQV$FFXUDWH LGHQWL¿FDWLRQDQG WUHDWPHQWRIXQGHUO\LQJFDXVHV
FRPELQHGZLWK DWWHQWLRQ WR EHKDYLRUDO DQG HQYLURQPHQWDO FRQGLWLRQV DQG
ZKHQQHFHVVDU\XVHRIDSSURSULDWHDQGMXGLFLRXVSKDUPDFRWKHUDS\ZLOOEHVW
DGGUHVVPRVWVOHHSGLVWXUEDQFHVLQ$'SDWLHQWV:HFRQFOXGHZLWKDUHVHDUFK
DJHQGDHQXPHUDWLQJWKHPDMRUUHVHDUFKJDSVWKDWZLOOQHHGWREH¿OOHGEHIRUH
DGH¿QLWLYHJXLGHWRWUHDWLQJVOHHSGLVWXUEDQFHVLQ$'FDQWUXO\EHRIIHUHG
5HIHUHQFHV
9LWLHOOR09DQG%RUVRQ66OHHSGLVWXUEDQFHVLQSDWLHQWVZLWK$O]KHLP
HUµVGLVHDVH(SLGHPLRORJ\3DWKRSK\VLRORJ\DQG0DQDJHPHQW&16'UXJV

9LWLHOOR096OHHS'LVWXUEDQFH DQG6OHHS'LVRUGHUV LQ$O]KHLPHUµV'H
PHQWLD,Q9HOODVHWDOHGV5HVHDUFKDQG3UDFWLFHLQ$O]KHLPHUµV'LVHDVH
 6SHFLDO ,VVXH RQ 6HYHUH 'HPHQWLD 6SULQJHU 3XEOLVKLQJ &RPSDQ\
1HZ<RUN
0F&XUU\6HWDO7UDLQLQJ&DUHJLYHUVWR&KDQJHWKH6OHHS+\JLHQH3UDF
WLFHV RI 3DLWLHQWV ZLWK 'HPHQWLD 7KH 1,7($' 3URMHFW -$*6 

0F&XUU\6HWDO1LJKWWLPH,QVRPQLD7UHDWPHQWDQG(GXFDWLRQIRU$O]KH
LPHU¶VGLVHDVH 1,7($'$5DQGRPL]HG&RQWUROOHG7ULDO -$*6
LQSUHVV
6
$OFRKRO1LFRWLQH'HSHQGHQFH0HGLFDO7UHDWPHQWRI
:LWKGUDZDODQG5HODSVH
6
$GGLFWLRQ0HPRU\
-REVW%|QLQJ
'HSWRI3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\RI:XHU]EXUJ
*HUPDQ\
7KHH[LVWHQFHRIDQ³DGGLFWLRQPHPRU\´$0DQGLWVLPSRUWDQFHLQPDLQ
WHQDQFH RI OHDUQHG DGGLFWLYH EHKDYLRXU DQG LQ UHODSVH RFFXUUHQFHZLOO EH
H[SODLQHGZLWKQHXURELRORJLFDODQGFOLQLFDODUJXPHQWV%HFDXVHWKHKXPDQ
EUDLQLVDQRSHQOHDUQLQJV\VWHPZKLFKUHYHDOVLWVRZQQHXURQDOFRQQHFWLY
LW\WKURXJKWKHH[SHULHQFHRIWKHSHUFHLYHGHQYLURQPHQWZLWKLWVRZQVWDWH
WKH SHUVRQDO$0 LV LQWHUSUHWHG DV DQ LQGLYLGXDO DFTXLUHG VRIWZDUH GLVWXU
EDQFHLQUHODWLRQWRVHOHFWLYHO\LQWHJUDWLQJ³IHHGEDFNORRSV´DQG³FRPSDUD
WRUV\VWHPV´RIQHXURQDOLQIRUPDWLRQSURFHVVLQJ0RUHWKDQDVSHFL¿F³GUXJ
PHPRU\´ WKH$0DQG LWV LQGLYGXDO FXHUHDFWLYLW\ FDQEH DFWLYDWHG DW DQ\
WLPHE\UHODSVHHQGDQJHULQJFRPSOH[LQWHUQDODQGRUH[WHUQDOVLWXDWLRQVZLWK
FRQWH[WUHODWHGFXHV&XHLQGXFHGDFWLYDWLRQRUK\SRDFWLYDWLRQRIWKHPHGLDO
SUHIURQWDOFRUWH[WKHDQWHULRUFLQJXODWHDQGEDVDOJDQJOLDFDQEHPHDVXUHG
ZLWKGLIIHUHQWEUDLQLPDJLQJPHWKRGVDQGGLIIHUHQWFXHSDUDGLJPV7KLVFDQ
EHSURYHQE\GUXJDQGDOFRKROGHSHQGHQFHDVZHOODVLQQLFRWLQHGHSHQGHQFH
DQGSDWKRORJLFDOJDPEOLQJ$VUHVXOWFRQWH[WUHODWHGGLIIHUHQWGUXJFXHVFDQ
HOLFLWFUDYLQJDQGH[FHVVLYHDFWLYDWLRQRIQHXURQDOQHWZRUNVDVVRFLDWHGZLWK
DWWHQWLRQDQGEHKDYLRXUFRQWURO7KHVHDUHWKHXQGHUO\LQJPHFKDQLVPIRUWKH
FRQVWUXFW$0$VSDUWRI WKHSHUVRQDOLW\ WKH$0EHFRPHV UHSUHVHQWHGRQ
WKHPROHFXODUOHYHOYLDWKHQHXURQDOOHYHODQGWKHQHXURSV\FKRORJLFDOOHYHO
HVSHFLDOO\LQWKHHSLVRGLFPHPRU\
/4(%2¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
*OXWDPDWHUJLF0HFKDQLVPV8QGHUO\LQJ1LFRWLQH'HSHQGHQFH
$WKLQD0DUNRX
7KH6FULSSV5HVHDUFK,QVWLWXWH86$
2EMHFWLYHV 7ZR IDFWRUV WKDW OHDG WR WKH WREDFFR VPRNLQJ KDELW DUH WKH
UHZDUGLQJHIIHFWVRIQLFRWLQHDQG WKHPRWLYDWLRQ WRDOOHYLDWH WKHQHJDWLYH
DIIHFWLYH VLJQV RI QLFRWLQH ZLWKGUDZDO 7KXV WDUJHWLQJ ERWK RI WKHVH WZR
DVSHFWVRIQLFRWLQHGHSHQGHQFHLVZRXOGDVVLVWSHRSOHLQVPRNLQJFHVVDWLRQ
&KROLQHUJLFJOXWDPDWHUJLFLQWHUDFWLRQVLQWKHYHQWUDOWHJPHQWDODUHD97$
DQGRWKHUEUDLQVLWHVPD\PHGLDWHWKHVHDVSHFWVRIQLFRWLQHGHSHQGHQFH7KH
SXUSRVHRIWKHSUHVHQWZRUNZDVWRLQYHVWLJDWHWKHHIIHFWVRIJOXWDPDWHUJLF
GUXJPDQLSXODWLRQVRQWKHUHLQIRUFLQJHIIHFWVRIQLFRWLQHDQGH[SORUHDGDS
WDWLRQVWKDWRFFXUZLWKWKHGHYHORSPHQWRIQLFRWLQHGHSHQGHQFHFRQWULEXWLQJ
WRWKHGHSUHVVLRQOLNHDVSHFWVRIQLFRWLQHZLWKGUDZDO
0HWKRGV7KHLQWUDYHQRXVQLFRWLQHVHOIDGPLQLVWUDWLRQSURFHGXUHZDVXVHG
LQ UDWV WR LQYHVWLJDWH WKH HIIHFWV RI GUXJPDQLSXODWLRQV RQ WKH UHLQIRUFLQJ
HIIHFWV RI QLFRWLQH 7KH LQWUDFUDQLDO VHOIVWLPXODWLRQ SURFHGXUH ZDV XVHG
LQ UDWV WR DVVHVV EUDLQ UHZDUG IXQFWLRQ WKLV SURFHGXUH SURYLGHV D UHZDUG
WKUHVKROGPHDVXUH
5HVXOWV$GPLQLVWUDWLRQRIWKHPHWDERWURSLFJOXWDPDWHP*OXUHFHSWRU
DQWDJRQLVW03(3RUWKHFRPSHWLWLYH10'$UHFHSWRUDQWDJRQLVW/<
V\VWHPLFDOO\RULQWUD97$GHFUHDVHGQLFRWLQHVHOIDGPLQLVWUDWLRQLQD¿[HG
UDWLRVFKHGXOHRIUHLQIRUFHPHQW)XUWKHU03(3GHFUHDVHGEUHDNSRLQWVIRU
QLFRWLQHLQDSURJUHVVLYHUDWLRVFKHGXOHUHÀHFWLQJGHFUHDVHGPRWLYDWLRQIRU
QLFRWLQH0DQ\RIWKHVHWUHDWPHQWVKDGQRHIIHFWRQUHVSRQGLQJIRUIRRG,Q
QLFRWLQHGHSHQGHQWEXWQRWFRQWUROUDWVDQDJRQLVWDWLQKLELWRU\SUHV\QDSWLF
P*OXUHFHSWRUV/<LQMHFWHGV\VWHPLFDOO\RULQWUD97$SUHFLSL
WDWHGZLWKGUDZDOOLNHHOHYDWLRQV LQEUDLQ UHZDUG WKUHVKROGV7KXV WKHUH LV
LQFUHDVHGDFWLYLW\RILQKLELWRU\P*OXUHFHSWRUVZLWKWKHGHYHORSPHQWRI
QLFRWLQHGHSHQGHQFHWRFRXQWHUDFWWKHLQFUHDVHGJOXWDPDWHUHOHDVHLQGXFHG
E\ QLFRWLQH $FFRUGLQJO\ WKH P*OX UHFHSWRU DQWDJRQLVW /<
DWWHQXDWHG WKH WKUHVKROG HOHYDWLRQV VHHQ LQ UDWV XQGHUJRLQJ VSRQWDQHRXV
QLFRWLQHZLWKGUDZDO
&RQFOXVLRQV 7KHVH GDWD LQGLFDWH WKDW JOXWDPDWH WUDQVPLVVLRQ WKURXJK
P*OX DQG 10'$ UHFHSWRUV LQ DUHDV VXFK DV WKH 97$ LV LQYROYHG LQ
PHGLDWLQJWKHUHLQIRUFLQJHIIHFWVRIQLFRWLQH)XUWKHUWKHUHDUHDGDSWDWLRQV
LQP*OXUHFHSWRUVZLWKWKHGHYHORSPHQWRIQLFRWLQHGHSHQGHQFHWKDWPD\
OHDG WRGHFUHDVHGJOXWDPDWH WUDQVPLVVLRQXSRQGLVFRQWLQXDWLRQRIQLFRWLQH
DGPLQLVWUDWLRQSRVVLEO\PHGLDWLQJWKHQHJDWLYHDIIHFWLYHDVSHFWVRIQLFRWLQH
ZLWKGUDZDO7KXVGXDODQWDJRQLVPDWP*OXDQGP*OXUHFHSWRUVPD\EH
DQHIIHFWLYHSKDUPDFRORJLFDOVWUDWHJ\WKDWZLOODVVLVWSHRSOH¿UVWLQGHFUHDV
LQJWREDFFRVPRNLQJDQGWKHQDOOHYLDWHWKHGHSUHVVLRQOLNHVLJQVRIQLFRWLQH
ZLWKGUDZDO
6
1R$EVWUDFW5HFHLYHG
+HQULHWWH:DOWHU
$XVWULD
6
1HZ3KDUPDFRORJLF7DUJHWVLQWKH7UHDWPHQWRI6XEVWDQFH8VH
'LVRUGHUV
0LFKDHO6R\ND
3V\FKLDWULF+RVSLWDO8QLYHUVLW\RI0XQLFK*HUPDQ\
3UHYHQWLRQRIFUDYLQJDQGUHODSVHLQVXEVWDQFHXVHGLVRUGHUVLVDFKDOOHQJ
LQJQHZLVVXHLQFOLQLFDOQHXURSKDUPDFRORJ\:LWKUHVSHFWWRDOFRKROLVPD
QXPEHURIFOLQLFDOVWXGLHVVXJJHVWWKH10'$PRGXODWRUDFDPSURVDWHWREH
HIIHFWLYHLQWUHDWPHQWRIDOFRKROLVP0RUHUHFHQWDQLPDOVWXGLHVDOVRVXJJHVW
RWKHU10'$DQWDJRQLVWVRUPRGXODWRUVWREHHIIHFWLYHLQDOFRKROLVP2YHU
D GR]HQ SODFHERFRQWUROOHG VWXGLHV RQ DFDPSURVDWH LQ UHODSVH SUHYHQWLRQ
KDYHEHHQFRQGXFWHGLQWKHHDUO\DQGPLG¶VLQHXURSHZLWKDGDWDEDVHRI
RYHUSDWLHQWVLQFOXGHG$OOEXWRQHVWXG\VKRZHGDVLJQL¿FDQWUHVXOWLQ
IDYRURIDFDPSURVDWH6R\ND6DVVHWDO6LGHHIIHFWSUR¿OHZDV
XVXDOO\ JRRG0RVW IUHTXHQW VLGH HIIHFWVZHUH JDVWURLQWHVWLQDO FRPSODLQWV
DQGRFFDVLRQDOO\DOOHUJLFVNLQUHDFWLRQV5HFHQWSKDVH,9VWXGLHVSURRIWKH
H[FHOOHQWVLGHHIIHFWSUR¿OH6R\NDHWDO9HU\UHFHQWO\WKHFORFNJHQH
3HUZDV LGHQWL¿HG WREHDNH\VWUXFWXUH LQPRGXODWLQJDOFRKROFRQVXPS
WLRQ$FDPSURVDWHPD\DFWYLDDXJPHQWDWLRQRIJOXWDPDWHOHYHOVWKURXJKWKLV
JHQH6SDQDJHOHWDO
$QRWKHU UHFHQWO\ VWXGLHG WDUJHW LV WKH KXPDQ HQGRFDQQDELQRLG V\VWHP
7KH&% UHFHSWRUDQWDJRQLVW ULPRQDEDQWZDV IRXQG WREHHIIHFWLYH LQ WKH
WUHDWPHQWVPRNLQJDQGREHVLW\3RVVLEOHLPSOLFDWLRQVRIUHVHQW¿QGLQJVDUH
GLVFXVVHG
5HIHUHQFHV
6DVV+ 6R\ND00DQQ. =LHJOJDHQVEHUJHU:  5HODSVH SUHYHQ
WLRQZLWKDFDPSURVDWH UHVXOWV IURPDSODFHERFRQWUROOHGVWXG\RQDOFRKRO
GHSHQGHQFH$UFK*HQ3V\FKLDWU\
6R\ND05HODSVH3UHYHQWLRQRI$OFRKROLVP&16'UXJV
6R\ND03UHXVV86FKXHW]& 8VHRI$FDPSURVDWH DQG'LIIHUHQW
.LQGVRI3V\FKRVRFLDO6XSSRUWLQ5HODSVH3UHYHQWLRQRI$OFRKROLVP'UXJV
5	'
6SDQDJHO5HWDO 7KHFORFNJHQH3HU LQÀXHQFHV WKHJOXWDPDWHUJLF
V\VWHPDQGPRGXODWHVDOFRKROFRQVXPSWLRQ1DW0HG
6
2SLRLG3HSWLGHVLQWKH7UHDWPHQWRI$OFRKROLVP
&KDUOHV32¶%ULHQ
8QLYRI3HQQV\OYDQLD9$0HGLFDO&HQWHU86$

$OFRKRO LV D GUXJ WKDW DFWV RQ VHYHUDO GLYHUVH QHXURWUDQVPLWWHU V\VWHPV
%RWK DQLPDO DQG KXPDQ VWXGLHV DUH FRQVLVWHQW LQ GHPRQVWUDWLQJ WKDW WKH
HQGRJHQRXVRSLRLGV\VWHPLVNH\WRWKHSOHDVXUDEOHHIIHFWVRIDOFRKRO3KDU
PDFRORJLFDOEORFNDGHRIRSLDWH UHFHSWRUVSUHYHQWV WKH LQFUHDVH LQQXFOHXV
DFFXPEHQVGRSDPLQHSURGXFHGE\DOFRKROLQUDWVDQGPXUHFHSWRUNQRFNRXW
PLFHGRQRWVHOIDGPLQLVWHUDOFRKRO+XPDQVXEMHFWVZLWKDIDPLO\KLVWRU\RI
DOFRKROLVPVKRZDVLJQL¿FDQWO\JUHDWHUEHWDHQGRUSKLQUHVSRQVHWRDOFRKRO
DQGPRUH VWLPXODWLRQHXSKRULD WKDQ WKRVHZLWK D QHJDWLYH IDPLO\ KLVWRU\
%ORFNDGH RI RSLDWH UHFHSWRUV E\ QDOWUH[RQH KDV EHHQ IRXQG LQ WKH JUHDW
PDMRULW\RIUDQGRPL]HGFOLQLFDOWULDOVWRLPSURYHWKHUHVXOWVRIWUHDWPHQWLQ
DOFRKROLFV$SRO\PRUSKLVPRIWKHJHQHIRUWKHPXRSLDWHUHFHSWRUKDVEHHQ
IRXQGWRLQFUHDVHWKHULVNRIERWKRSLDWHDGGLFWLRQDQGDOFRKROLVP3DWLHQWV
ZLWKWKLVJHQRW\SHGRYHU\SRRUO\LQWUHDWPHQWZKHQUDQGRPL]HGWRSODFHER
EXW WKRVHUDQGRPL]HGWRQDOWUH[RQHKDGDVLJQL¿FDQWO\KLJKHUUDWHRIQRQ
UHODSVH7KHVHUHVXOWVOHGWRWKHSURSRVDORIDVSHFL¿FJHQHWLFVXEFDWHJRU\
RIDOFRKROLVPZLWKWKHSKHQRW\SHRIKLJKDOFRKROFUDYLQJVWURQJHQGRUSKLQ
UHVSRQVHWRDOFRKRODOFRKROHXSKRULDEORFNHGE\QDOWUH[RQHDQGH[FHOOHQW
WUHDWPHQWUHVSRQVHWRWKLVRSLDWHDQWDJRQLVW
5HIHUHQFHV
2VOLQ':%HUUHWWLQL:.UDQ]OHU+3HWWLQDWL+*HOHUQWHU-9ROSL
FHOOL - DQG 2¶%ULHQ &3$ IXQFWLRQDO SRO\PRUSKLVP RI WKHPX RSLRLG
UHFHSWRUJHQH LVDVVRFLDWHGZLWKQDOWUH[RQHUHVSRQVH LQDOFRKROGHSHQGHQW
SDWLHQWV1HXURSV\FKRSKDUPDFRORJ\
6
%LRORJLFDO&RUUHODWHVRI3V\FKRSDWKRORJLFDO
'LPHQVLRQVLQ(DWLQJ'LVRUGHUV
6
1HXURWUDQVPLWWHU%DFNJURXQGRI7HPSHUDPHQWDODQG
&KDUDFWHULDO
$VSHFWVLQ(DWLQJ'LVRUGHUV
)UDQFHVFD%UDPELOOD
'HSW0HQWDO+HDOWK6DFFR+RVSLWDO0LODQ,WDO\
'DOOH*UDYH57RGHVFR7&DOXJJL6

2EMHFWLYHV$LPRIWKHVWXG\ZDVWRLQYHVWLJDWHRQWKHELRORJLFDOEDVHVRI
WHPSHUDPHQWDODQGFKDUDFWHULDODVSHFWVLQ(DWLQJ'LVRUGHUV('$QRUH[LD
1HUYRVD $1 %XOLPLD 1HUYRVD %1 (DWLQJ 'LVRUGHUV 1RQ 2WKHUZLVH
6SHFL¿HG ('126EHIRUH DQG DIWHU WUHDWPHQWZLWK&RJQLWLYH%HKDYLRUDO
7KHUDS\&%7
'HVLJQDQG0HWKRGV7HPSHUDPHQWDODQGFKDUDFWHULDODVSHFWVRIKRVSL
WDOL]HGSDWLHQWV$1%1('126ZHUHPRQLWRUHGE\WKH&ORQLQJHU
7&,VFDOHEHIRUHDIWHUZHHNVDQGDIWHUPRQWKVRI&%7DQGLQSDUDOOHO
SODVPDFRQFHQWUDWLRQVRI+9$IRUGRSDPLQHDQG0+3*IRUQRUDGUHQD
/4(%2¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
OLQHERWKDVVD\HGE\+3/&DQGSDUR[HWLQHELQGLQJIRUVHURWRQLQZHUH
PHDVXUHG
5HVXOWV ,PSDLUPHQWV RI WHPSHUDPHQWDO DQG FKDUDFWHULDO DVSHFWV ZHUH
REVHUYHG LQ$1%1DQG('126ERWKEHIRUH DQG DIWHU&%7 LQ SDUDOOHO
ZLWKDOWHUHGFRQFHQWUDWLRQVRI+9$DQG0+3*DQGRISDUR[HWLQHELQGLQJ
YDOXHV
&RQFOXVLRQV 7KH SDWKRJHQHWLF VLJQL¿FDQFH RI WKH QHXURWUDQVPLWWHU DO
WHUDWLRQV EHIRUH DQG DIWHU &%7 IRU WKH GHYHORSPHQW DQG PDLQWHQDQFH RI
WHPSHUDPHQWDODQGFKDUDFWHULDO LPSDLUPHQWV LQ$1%1DQG('126ZLOO
EHGLVFXVVHG
6
3HULSKHUDO+RUPRQH6HFUHWLRQLQ(DWLQJ'LVRUGHUV
(WLRSDWRJHQHWLF,PSOLFDWLRQV
30RQWHOHRQH
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\RI1DSOHV6811DSOHV,WDO\
0)DEUD]]R90DUWLDGLV&6HUULWHOOD6/RQJREDUGL00DM
$LPV$QRUH[LDQHUYRVDEXOLPLDQHUYRVD%1DQGWKHELQJHHDWLQJGLVRU
GHU %('DUHFRPSOH[DQGPXOWLIDFWRULDOGLVRUGHUV3HULSKHUDOKRUPRQHV
DQGSHSWLGHVUHJXODWLQJIRRGLQWDNHDQGHQHUJ\H[SHQGLWXUHDUHOLNHO\WRSOD\
DUROHLQWKHSDWKRJHQHVLVDQGRUPDLQWHQDQFHRIWKHDEHUUDQWHDWLQJEHKDY
LRXUVRIWKHVHV\QGURPHV*KUHOLQDQGSHSWLGH<<3<<DUHWZRUHFHQWO\
GLVFRYHUHGSHSWLGHV VHFUHWHGE\ WKH VWRPDFKDQG WKH LOHXPFRORQ UHVSHF
WLYHO\WKDWOLNHO\UHJXODWHPHDOLQLWLDWLRQDQGWHUPLQDWLRQERG\ZHLJKWDQG
HQHUJ\PHWDEROLVP7KHDLPRIWKLVVWXG\ZDVWRFKDUDFWHUL]HWKHUROHRI
WKHVHSHSWLGHVLQ%1DQG%('
0HWKRGV3<<DQGJKUHOLQVHFUHWLRQVDIWHUIRRGLQJHVWLRQZHUHLQYHVWLJDWHG
LQ ZRPHQ ZLWK %1 DQG LQ KHDOWK\ FRQWUROV PRUHRYHU PRUQLQJ SODVPD
OHYHOVRIJKUHOLQZHUHPHDVXUHGLQGUXJIUHHZRPHQZLWK%1ZRPHQZLWK
%('DQGERWKREHVHDQGQRQREHVHFRQWUROZRPHQ
5HVXOWV$VFRPSDUHGWRDJHPDWFKHGKHDOWK\ZRPHQ%1SDWLHQWVVKRZHG
EOXQWHG UHVSRQVHV RI FLUFXODWLQJ JKUHOLQ S  DQG 3<< S
DIWHUWKHFRQVXPSWLRQRIDKLJKIDWPHDORI.FDO1RVLJQL¿FDQWGLIIHU
HQFHVHPHUJHGLQIRRGLQGXFHGSODVPDLQVXOLQDQGJOXFRVHFKDQJHVEHWZHHQ
WKHWZRJURXSV3ODVPDJKUHOLQVXSSUHVVLRQDIWHUWKHPHDOZDVVLJQL¿FDQWO\
DVVRFLDWHGWRSODVPD3<<LQFUHDVH0RUHRYHUPRUQLQJJKUHOLQSODVPDOHY
HOVZHUHQRUPDOLQEXOLPLFZRPHQEXWVLJQL¿FDQWO\UHGXFHGLQERWK%('
SDWLHQWVSDQGREHVHFRQWUROVS
&RQFOXVLRQV 7KHVH ¿QGLQJV VKRZ GHUDQJHPHQWV LQ WKH SK\VLRORJ\ RI
JKUHOLQDQG3<<LQZRPHQZLWK%1RU%('ZKLFKPD\KDYHSDWKRSK\VL
RORJLFDOLPSOLFDWLRQVLQWKHJHQHVLVDQGRUWKHPDLQWHQDQFHRIERWKWKHDO
WHUHGHDWLQJEHKDYLRXUVDQGWKHPHWDEROLFDEQRUPDOLWLHVRFFXUULQJLQWKHVH
V\QGURPHV
5HIHUHQFHV
%DWWHUKDP5/%ORRP657KHJXWKRUPRQHSHSWLGH<<UHJXODWHV
DSSHWLWH$QQ1<$FDG6FL
&XPPLQJV'(3XUQHOO-4)UD\R566FKPLGRYD.:LVVH%(:HLJOH
'6$SUHSUDQGLDOULVHLQSODVPDJKUHOLQOHYHOVVXJJHVWVDUROHLQPHDO
LQLWLDWLRQLQKXPDQV'LDEHWHV
6
'LVWXUEHG6HURWRQLQ3DWKZD\VLQ$QRUH[LDDQG%XOLPLD
1HUYRVD1HZ)LQGLQJVIURP,PDJLQJ6WXGLHV
:DOWHU.D\H
86$
6HYHUDOOLQHVRIHYLGHQFHVXJJHVWGLVWXUEDQFHVRIVHURWRQLQ+7SDWKZD\V
SOD\ D UROH LQ WKH SDWKRJHQHVLV DQG SDWKRSK\VLRORJ\ RI DQRUH[LD QHUYRVD
$1 DQG EXOLPLD QHUYRVD %1 )LUVW +7 SDWKZD\V FRQWULEXWH WR WKH
PRGXODWLRQ RI IHHGLQJ PRRG DQG LPSXOVH FRQWURO 6HFRQG PHGLFDWLRQV
WKDWDFWRQ+7SDWKZD\VKDYHVRPHGHJUHHRIHI¿FDF\LQLQGLYLGXDOVZLWK
$1DQG%1)LQDOO\PDQ\ VWXGLHV VKRZGLVWXUEDQFHVRI+7DFWLYLW\ LQ
LQGLYLGXDOVZKRDUHLOOZLWK$1DQG%15HFHQWVWXGLHVRI&6)+,$$WKH
PDMRUEUDLQPHWDEROLWHRI+7EHKDYLRUDOUHVSRQVHWR+7SURYRFDWLYH
FKDOOHQJHVSODWHOHWUHVSRQVHWRSDUR[HWLQHDQGEUDLQLPDJLQJZLWKOLJDQGV
IRU WKH+7$UHFHSWRU+7$UHFHSWRUDQG+7WUDQVSRUWHU¿QGSHUVLVW
HQW DEQRUPDOLWLHV LQ LQGLYLGXDOV ZKR KDYH UHFRYHUHG IURP$1 DQG %1
0RUHRYHURWKHUVWXGLHVUDLVHWKHSRVVLELOLW\RIJHQHSRO\PRUSKLVPVLQWKH
+7V\VWHP7KXV LW LVSRVVLEOH WKDW LQGLYLGXDOVZLWK$1DQG%1KDYHD
G\VUHJXODWLRQ RI WKH IXQFWLRQ RI +7 QHXUDO FLUFXLWV SHUKDSV UHODWHG WR
GLVWXUEDQFHVRIDQXPEHURIFRPSRQHQWVRIWKDWFLUFXLW0RUHRYHULPDJLQJ
VWXGLHVFRUUHODWHDOWHUHG+7$UHFHSWRUDQG+7$UHFHSWRUIXQFWLRQZLWK
WUDLWVRIWHQIRXQGLQLQGLYLGXDOVZLWK$1DQG%1VXFKDVKDUPDYRLGDQFH
EHKDYLRUDO LQKLELWLRQ DQG VHOIFRQWURO 7RJHWKHU WKHVH VWXGLHV VKHG QHZ
OLJKW RQ XQGHUVWDQGLQJ YXOQHUDELOLWLHV WKDWPD\ SXW LQGLYLGXDOV DW ULVN IRU
GHYHORSLQJDQ('
6
/LQNDJHIRU'ULYHIRU7KLQQHVVDQG2EVHVVLRQDOLW\LQ$QRUH[LD
QHUYRVD
.DWKHULQH$+DOPL
:HLOO&RUQHOO0HGLFDO&ROOHJH86$
%HUQLH'HYOLQ
2EMHFWLYHV7RIXUWKHUGH¿QHWKHJHQHWLFFRQWULEXWLRQVWR$QRUH[LD1HUYRVD
$1E\H[DPLQLQJSV\FKLDWULFSHUVRQDOLW\DQGWHPSHUDPHQWSKHQRW\SHVLQ
DIIHFWHGVLEOLQJSDLUV
0HWKRGV$PXOWLSRLQWDIIHFWHGVLEOLQJSDLU$63OLQNDJHDQDO\VLVXVLQJD
QRYHOPHWKRGWKDWLQFRUSRUDWHVFRYDULDWHVZDVFRQGXFWHGRQPXOWLSOH[
IDPLOLHV DOO DFFHVVHG WKURXJKDQ$1SUREDQG*HQRW\SLQJZDV FRQGXFWHG
ZLWKDEDWWHU\RIVKRUWWDQGHPUHSHDW675PDUNHUVGLVWULEXWHGDFURVV
WKHJHQRPH$OO LQGLYLGXDOV UHFHLYHGFRPSUHKHQVLYHDVVHVVPHQWV IRU WHP
SHUDPHQWDQGSHUVRQDOLW\ IHDWXUHVDVZHOODVSV\FKLDWULFGLDJQRVHV6HYHQ
WUDLWVWKDWDUHXQOLNHO\WRUHVXOWIURPQXWULWLRQDOGH¿FLHQFLHVZHUHVHOHFWHG
IRU DQDO\VLV KDUP DYRLGDQFH DQG QRYHOW\ VHHNLQJ RYHUDOO SHUIHFWLRQLVP
RYHUDOOREVHVVLYHQHVVFRPSXOVLYLW\RYHUDOOHDWLQJGLVRUGHUGLVWXUEDQFHDQG
GULYHIRUWKLQQHVV
5HVXOWV 7ZR YDULDEOHV GULYH IRU WKLQQHVV DQG REVHVVLRQDOLW\ GHOLQHDWHG
SRSXODWLRQVDPRQJWKH$63V7KHUHZHUHDFOXVWHURI$63VZKRKDGKLJK
DQGFRQFRUGDQWYDOXHVIRUWKHVHWUDLWV7KHVHFRYDULDWHVZHUHLQFRUSRUDWHG
LQWR WKH$63 OLQNDJHDQDO\VLVERWK MRLQWO\ DQG VHSDUDWHO\6HYHUDO UHJLRQV
RI VXJJHVWLYH OLQNDJHZHUH IRXQG RQH FORVH WRJHQRPHZLGH VLJQL¿FDQFH
RQFKURPRVRPHDWF0'6/2' 3 DQRWKHU
RQFKURPRVRPHDWF0'6/2' 3 DQGDWKLUG
UHJLRQRQFKURPRVRPHDWF0'6/2' 3 
&RQFOXVLRQV7KLVQRYHOPHWKRGRIOLQNDJHDQDO\VLVXVLQJFRYDULDWHVFRQ
YH\VVXEVWDQWLDOLQIRUPDWLRQZKLFKLVXVHIXOIRUXQGHUVWDQGLQJWKHJHQHWLF
FRQWULEXWLRQWRDQRUH[LDQHUYRVD
5HIHUHQFHV
'HYOLQ%3ULFH)RXQGDWLRQ*URXS+XPDQ0ROHFXODU*HQHWLFV

6
%LRORJLFDO0DUNHVLQ3V\FKLDWU\
6
7KH,QWHUUHODWLRQEHWZHHQ1HXURWURSKLFDQG,PPXQH)DFWRUV
LQ'HSUHVVLRQ
2O\D0LNRYD
6R¿D0HGLFDO8QLYHUVLW\%XOJDULD
,Q WKH ODVW GHFDGH RXU NQRZOHGJH RI WKH SDWKRSK\VLRORJ\ RI GHSUHVVLYH
GLVRUGHUVKDVHQODUJHGHQRUPRXVO\7KHOLWHUDWXUHLVFURZGHGZLWKLQIRUPD
WLRQFRQFHUQLQJGLIIHUHQWJHQHWLFELRFKHPLFDOKRUPRQDO LPPXQHQHXUR
WURSKLF HOHFWURO\WH OLSLGDQGRWKHU DOWHUDWLRQV LQ WKHGLIIHUHQWERG\ÀXLGV
DQGWLVVXHVLQGHSUHVVHGSDWLHQWV+RZHYHUWKDWLQIRUPDWLRQVHHPVQRWZHOO
V\VWHPDWL]HG DQG DQDO\]HG 2QH RI WKH PDMRU DQDO\WLFDO SUREOHPV FRPHV
IURPWKHPHWKRGRORJLFDOGLIIHUHQFHV WKHREYLRXVKHWHURJHQHLW\RIGHSUHV
VLYHGLVRUGHUV WKHFRPRUELGLW\DQGWKHLQÀXHQFHRIPDQ\HQYLURQPHQWDO
IDFWRUVOLNHVWUHVVRUVLQIHFWLRXVDJHQWVWR[LQVHWF
0DQ\ LPPXQH SURGXFWV OLNH FHUWDLQ F\WRNLQHV SOD\ DQ LPSRUWDQW UROH LQ
QHXURGHYHORSPHQWDQGQHXURSODVWLFLW\0RVWRIWKHVHFDQSURYRNHRUWXUQRII
WKHV\QWKHVLVRIQHXURWURSKLFIDFWRUVDQGWKXVFDQLQÀXHQFHEUDLQGHYHORS
PHQWDQGLWVSURSHUIXQFWLRQ
7KHSXUSRVHRIWKDWSUHVHQWDWLRQLVWRWU\WRPDNHDOLWHUDWXUHVXUYH\RQODER
UDWRU\¿QGLQJVLQGHSUHVVLRQIRFXVLQJRQQHXURWURSKLFDQGLPPXQHSDUDP
/4(%2¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
HWHUV0RUHWKDQUHFHQWSXEOLFDWLRQVKDYHEHHQUHYLHZHGV\VWHPDWLFDOO\
$VXPPDU\RIWKHVHFRQWHPSRUDU\GDWDLVSUHVHQWHG$FULWLFDOFRPPHQWRQ
WKHXVHIXOQHVVYDOLGLW\DQGUHOLDELOLW\RIWKHGLIIHUHQWWHVWVLVPDGH
2EYLRXVO\WKHWLPHKDVFRPHWRWU\WRPDNHRXUGLDJQRVWLFDQGGLIIHUHQWLDO
GLDJQRVWLFGHFLVLRQVUHO\LQJRQPRUHFHUWDLQDQGVWDEOHFULWHULDDVZHOODV
WRKDYHJRRGODERUDWRU\SURJQRVWLFPDUNHUVIRUWUHDWPHQWRXWFRPHFOLQLFDO
FRXUVHDQGRWKHU LPSRUWDQWFOLQLFDOFKDUDFWHULVWLFV OLNH VXLFLGDOEHKDYLRXU
7KH SRZHUIXO PRGHUQ WHFKQRORJLHV GR DOORZ XV WR FKDQJH WKH DWWLWXGH
WRZDUGVSV\FKLDWU\DVDPRGHUQPHGLFDOVSHFLDOW\ZLWKUHOLDEOHGLDJQRVWLF
SURFHGXUHVDQGPXOWLSOHWKHUDSHXWLFRSWLRQV
6
%LRORJLFDO0DUNHUVLQ'HSUHVVLRQ
5DLQDOG0|VVQHU
8QLYHUVLW\RI:U]EXUJ*HUPDQ\
7R SURYLGH DQ RYHUYLHZ DQG GLVFXVVLRQ IRUXP RQ ELRORJLFDO PDUNHUV LQ
GHSUHVVLRQWKH:RUOG)HGHUDWLRQRI6RFLHWLHVRI%LRORJLFDO3V\FKLDWU\KDV
FRQYHQHG D7DVN )RUFH RQ %LRORJLFDO0DUNHUV LQ'HSUHVVLRQ:LWKLQ WKH
IUDPHZRUNRIWKLV7DVN)RUFHWKHSURJUHVVPDGHLQLGHQWLI\LQJDQGHOXFLGDW
LQJWKHPDMRUPDUNHUVIRUXQLSRODUGHSUHVVLRQZLOOEHSUHVHQWHG
6
1HXURFKHPLFDO'HPHQWLD'LDJQRVWLFV&XUUHQW6WDWXVDQG
3HUVSHFWLYHV
-HQV:LOWIDQJ
'HSWRI3V\FKLDWU\8QLYHUVLW\RI(UODQJHQ1XUHPEHUJ*HUPDQ\
3LRWU/HZF]XN-XDQ0DQXHO0DOHU-DQD6YLWHN
-RKDQQHV0LHUWVFKLVFKN$OH[DQGHU6PLUQRY0LUNR%LEO
-RKDQQHV.RUQKXEHU
2EMHFWLYHV(PHUJLQJGLVHDVHPRGLI\LQJWKHUDSLHVIRU$O]KHLPHUVGHPHQ
WLD$'OLNH$ȕLPPXQLVDWLRQVHOHFWLYHJDPPDVHFUHWDVHLQKLELWRUVDQG
DQWLDJJUHJDWRU\FRPSRXQGVFDOOIRULPSURYHGGLIIHUHQWLDOGLDJQRVLVRI$'
DWYHU\HDUO\VWDJHV1HXURFKHPLFDOGHPHQWLDGLDJQRVWLFV1''LVDUDSLGO\
GHYHORSLQJ¿HOGRIFOLQLFDOQHXURFKHPLVWU\DQGLVSURPLVLQJLPSURYHGHDUO\
DQGGLIIHUHQWLDOGLDJQRVLVRI$'$PRQJSRWHQWLDO1''PDUNHUVDP\ORLGȕ
SHSWLGHV$ȕSHSWLGHVDQG7DXSURWHLQVZKLFKDUHGLUHFWO\LPSOLFDWHGLQ
WKHSDWKRJHQLFFDVFDGHRI$'KDYHPHDQZKLOHHQWHUHGFHUHEURVSLQDOÀXLG
&6)URXWLQHGLDJQRVWLFVLQVSHFLDOL]HGFHQWHUV&XUUHQWO\1''LVFRQ¿QHG
WR&6)DQGWKHUHLVDKLJKGHPDQGIRUEORRGDVVD\V
0HWKRGV:HZLOOSURYLGHDFULWLFDOUHYLHZRQWKHOLWHUDWXUHRI&6)1''
DQGSUHVHQWRZQGDWDUHODWHGWR&6)1''GHULYHGIURPPRUHWKDQSD
WLHQWVZLWKYDULRXVGHPHQWLDVIRFXVLQJRQHDUO\VWDJHVRI$'/HZ\ERG\
GHPHQWLD DQG 3DUNLQVRQ GHPHQWLD 0RUHYRYHU WKH YDOXH RI &6)1''
IRUWKHSUHGLFWLYHGLDJQRVLVRILQFLSLHQW$'ZLOOHYDOXDWHGLQDFRKRUWHRI
SDWLHQWVZLWKPLOGFRJQLWLYH LPSDLUPHQW 0&,Q 7KH&6)1''SD
UDPHWHUV$ȕ$ȕ$ȕ$ȕ$ȕWZRDVVD\VWRWDO7DX
SKRVSKR7DXDQGWKUHH$ȕSHSWLGHUDWLRVZHUHLQYHVWLJDWHG7KHDWWRWR
IHPWRPRODUVHQVLWLYH DVVD\V FRPSULVHG (/,6$ /XPLQH[70EDVHG PXOWL
SOH[LQJGHPHQWLDELRFKLSVDQGXUHDEDVHG$ȕ6'63$*(LPPXQREORW
5HVXOWV$SSO\LQJDGLDJQRVWLFPXOWLSDUDPHWHUDSSURDFK&6)1''RIIHUV
GLDJQRVWLFVHQVLWLYLW\DQGVSHFL¿FLW\FORVHWR6WURQJHYLGHQFHVXSSRUWV
WKDW0&,SDWLHQWVDWULVNIRULQFLSLHQW$'FDQEHLGHQWL¿HGE\PXOWLSDUDPHW
ULF&6)1''0RUHRYHURXUGDWDFOHDUO\GHPRQVWUDWH WKDW WKHGLDJQRVWLF
YDOXHRIFHUWDLQ$ȕSHSWLGHUDWLRVLVVXSHULRUWRWKHGHWHUPLQDWLRQRIVLQJOH
$ȕSHSWLGHV
&RQFOXVLRQV &6)1'' GRHV VLJQL¿FDQWO\ FRQWULEXWH WR WKH LPSURYHG
GLDJQRVLVRIHDUO\VWDJHVRIGHPHQWLDV6LQFHPXOWLSDUDPHWULF&6)1''LV
VXSHULRU WR WKH DQDO\VLV RI VLQJOH SDUDPHWHUVPXOWLSOH[GHPHQWLD ELRFKLSV
ZLOOEHEHFRPHLQFUHDVLQJO\UHOHYDQW
6
1HXURELRORJ\DQG*HQHWLFVRI$Q[LHW\'LVRUGHUV
-UJHQ'HFNHUW
'HSWRI3V\FKLDWU\8QLYRI0QVWHU*HUPDQ\
7KHRULJLQDOGHVFULSWLRQRIDQ[LHW\QHXURVLV LQE\ WKH9LHQQHVHSV\
FKLDWULVW6LJPXQG)UHXGSURYLGHGWKHEDVLVIRUDSV\FKRORJLFDOFRQFHSWRI
DQ[LHW\GLVRUGHUVDQGDWKHUDSHXWLFIRFXVRQSV\FKRWKHUDS\2QO\LQ
WKH$PHULFDQSV\FKLDWULVW'RQDOG.OHLQUHSRUWHGWKDWSDQLFGLVRUGHUFRXOG
EH WUHDWHG E\ WKH DQWLGHSUHVVDQW LPLSUDPLQH +LV REVHUYDWLRQ LQLWLDWHG D
SOHWKRUD RI VWXGLHV WR LOOXPLQDWH WKH ELRORJ\ RI SDQLF DQG RWKHU DQ[LHW\
GLVRUGHUV
6WXGLHV RI UHVSLUDWRU\ SK\VLRORJ\ JDYH ULVH WR WKH IDOVH VXIIRFDWLRQ DODUP
WKHRU\EDVHGRQWKHDVVXPSWLRQRIDORZWKUHVKROGRIEUDLQVWHPQXFOHLIRU
UHVSLUDWRU\ VWLPXOL $GGLWLRQDO FDUGLDF ¿EHU EXQGOHV ZHUH GHVFULEHG DQG
VXJJHVWHGDVPRUSKRORJLFDOVXEVWUDWHIRUVRPHRIWKHFDUGLDFV\PSWRPVRI
WKHVHSDWLHQWV
.QRZOHGJH RI WKHPROHFXODUPHFKDQLVP RI GUXJV WUHDWLQJ SDQLF GLVRUGHU
DQGGUXJVSURYRNLQJSDQLFGLVRUGHUOHGWRQHXURWUDQVPLWWHUWKHRULHVLQFOXG
LQJQRWRQO\WKHFODVVLFDOPRQRDPLQHUJLFQHXURWUDQVPLWWHUV\VWHPVDQGWKH
*$%$ V\VWHP EXW DOVR WKH DGHQRVLQH DQG FKROH]\VWRNLQLQ QHXURPRGXOD
WRU\ V\VWHPV 7KHVH WKHRULHV ZHUH UHFHQWO\ VXSSRUWHG E\ 3(7 VWXGLHV RI
*$%$HUJLFDQGVHURWRQHUJLFQHXURWUDQVPLVVLRQ&KDQJHVLQ+3$D[LVIXQF
WLRQZHUHREVHUYHGVXJJHVWLQJDUROHRIWKHVWUHVVD[LVQRWRQO\LQDIIHFWLYH
EXWDOVRLQDQ[LHW\GLVRUGHUV
$GYDQFHVLQIXQFWLRQDOQHXURLPDJLQJDOORZHGWRVWXG\WKHQHXURDQDWRP\RI
DQ[LHW\(PSOR\LQJVSHFL¿FSDUDGLJPVDFHQWUDOUROHIRUWKHDP\JGDODZDV
VXJJHVWHGLQPHGLDWLQJVHQVRU\VWLPXOLIURPWKHEUDLQVWHPEXWDOVRIRUWKH
SUHIURQWDOFRUWH[DVDUHJXODWRURIDP\JGDODDFWLYLW\
0RVWUHFHQWO\JHQHWLFDSSURDFKHVLQGLFDWHGDUROHIRUSURWHLQVZKLFKZHUH
SUHYLRXVO\ QRW FRQVLGHUHG DV UHOHYDQW IRU WKH SDWKRSK\VLRORJ\ RI DQ[LHW\
GLVRUGHUV7KHH[SRQHQWLDOSURJUHVVLQJHQRPLFWHFKQRORJ\KROGVWKHSURP
LVHWRGHYHORSULVNPRGHOVFRPSDUDEOHWRWKRVHRIFDUGLRYDVFXODUGLVRUGHUV
7KHHQYLURQPHQWDO ULVN IDFWRUVFRUUHVSRQGLQJ WRVPRNLQJDQGKLJKFDORU\
GLHWVFRXOGZHOOEHWKRVHGHVFULEHGE\)UHXGDQGRWKHUVVXFKDVOLIHHYHQWV
DQGVWUHVV
$EHWWHUXQGHUVWDQGLQJDQGLQWHJUDWLRQRIELRORJLFDODQGSV\FKRORJLFDOULVN
IDFWRUVZLOOEHWKHNH\WRDWUXO\PXOWLGLPHQVLRQDOGLDJQRVWLFDQGWUHDWPHQW
DSSURDFKWRDQ[LHW\GLVRUGHUV7KLVDSSURDFKZDVDOUHDG\IRUHVHHQE\)UHXG
ZKR LQ KLV RULJLQDO GHVFULSWLRQ LQ  VXJJHVWHG D QHXURSDWKRORJLFDO
EDVLVIRUSDQLFDWWDFNVDQGDJHQHWLFHWLRORJ\IRUDWOHDVWVRPHFDVHVRIWKH
GLVRUGHU
5HIHUHQFHV
)UHXG 6 hEHU GLH %HUHFKWLJXQJ YRQ GHU 1HXUDVWKHQLH HLQHQ EHVWLPPWHQ
6\PSWRPHQNRPSOH[ DOV Ä$QJVWQHXURVH³ DE]XWUHQQHQ 1HXURO =HQWUDOEO
%G
6FKXPDFKHU-$ERX-DPUD5%HFNHU7.ORSS1)UDQNH3,OOLJ75LHW
VFKHO0-DFRE&6DQG3)ULW]H-3URSSLQJ3&LFKRQ6'HFNHUW-1|WKHQ
00$VVRFLDWLRQEHWZHHQJHQHWLFYDULDWLRQDWWKH**ORFXVDQGSDQLF
GLVRUGHU0ROHFXODU3V\FKLDWU\LQSUHVV
6
&KROLQH$FHW\OWUDQVIHUDVHDQG'RSDPLQH'5HFHSWRU
$VVRFLDWLRQLQWKH³9,7$´3URMHFW
(GQD*UQEODWW
,QVWLWXWHRI&OLQLFDO1HXURFKHPLVWU\DQG1DWLRQDO3DUNLQVRQ
)RXQGDWLRQ&HQWUHRI([FHOOHQFH/DERUDWRU\&OLQLFIRU3V\FKLD
WU\DQG3V\FKRWKHUDS\%D\HULVFKH-XOLXV0D[LPLOLDQV8QLYHUVLW\
RI:U]EXUJ:U]EXUJ*HUPDQ\
3HWHU)LVFKHU-DVPLQ%DUWO0LU\DPH+RIPDQQ
6XVDQQH-XQJZLUWK.DUO+HLQ]7UDJO3HWHU5LHGHUHU

2EMHFWLYHV %RWK WKH KXPDQ GRSDPLQH' UHFHSWRU ''5 DQG FKROLQH
DFHW\OWUDQVIHUDVH&K$7ZHUHUHSRUWHGWRFRQWDLQVHYHUDOSRO\PRUSKLVPV
7KH''5SRO\PRUSKLVP LV FKDUDFWHUL]HGE\ D YDU\LQJQXPEHU RI GLUHFW
LPSHUIHFWESUHSHDWVLQWKHJHQH0DQ\SUHYLRXVVWXGLHVZHUHFRQGXFWHG
WR DVVHVV DVVRFLDWLRQ EHWZHHQ WKLV SRO\PRUSKLVP DQG SHUVRQDOLW\ WUDLW RI
QRYHOW\VHHNLQJLQDGXOWVDQGLQIDQWV7KH&K$7SRO\PRUSKLVPLVDVLQJOH
QXFOHRWLGH SRO\PRUSKLVP LQ WKH ¿UVW FRPPRQ FRGLQJ H[RQ RI WKH &K$7
JHQHD*WR$WUDQVLWLRQLQSRVLWLRQ5HFHQWO\DFRUUHODWLRQEHWZHHQORZHU
/4(%2¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
&K$7DFWLYLW\DQGGHSUHVVLRQLQGHPHQWHGSDWLHQWVZDVVKRZQ
0HWKRGV :H LQYHVWLJDWHG LQ WKH 9LHQQD7UDQVGDQXEH$JLQJ 9,7$
SURMHFWDFRPPXQLW\EDVHGFRKRUWVWXG\RIKHDOWK\\HDUVROGZKLFKDUH
FXUUHQWO\UHWHVWHGDIWHUPRQWKVWKHDVVRFLDWLRQRIWKHVHJHQHVXVLQJWKH
3&5DQGHOHFWURSKRUHVLVWHFKQLTXHVWRGHSUHVVLRQ
5HVXOWV:HIRXQGKLJKHUSUHYDOHQFHRIWKHDQG''5DOOHOHLQVXEMHFWV
GLDJQRVHG DV PLQRU DQG PDMRUGHSUHVVLYH FRPSDUHG WR VXEMHFWV ZLWKRXW
DQ\ GHSUHVVLRQ 6XEMHFWV FDUU\LQJ WKH ORQJ ''5 DOOHOH VKRZHG KLJKHU
+DPLOWRQGHSUHVVLRQ DQG VKRUWJHULDWULFGHSUHVVLRQVFDOH 6*'6 VFRUHV
$ VLJQL¿FDQW KLJKHU 83'56 VFRUH 3DUNLQVRQ¶V GLVHDVH VFDOH LQ WKH 
FRPSDUHGWRWKHJHQRW\SHFDUULHUV:LWKUHJDUGWR&K$7SRO\PRUSKLVP
ZHUHYHDOHGVLJQL¿FDQWKLJKHUDOOHOH$IUHTXHQF\LQVXEMHFWVFDWHJRUL]HGLQWR
PDMRUGHSUHVVLYHFRPSDUHGWRVXEMHFWVGHVFULEHGDVQRQGHSUHVVLYHı 
GI3 $GGLWLRQDOO\VXEMHFWVFDUU\LQJWKH&K$7$DOOHOHVKRZHGVLJ
QL¿FDQWO\KLJKHU+DPLOWRQGHSUHVVLRQVFRUH3 
&RQFOXVLRQV7KHVHREVHUYDWLRQVRIKLJKHUIUHTXHQF\RIWKH&K$7PXWDWLRQ
LQGHSUHVVLYHVXEMHFWVDVZHOODVFRUUHODWLRQWRGHSUHVVLRQVFDOHVPD\SRLQW
WRWKHSRVVLEOHLQYROYHPHQWRI&K$7LQGHSUHVVLRQ7KHWHQGHQF\RI''5
DVVRFLDWLRQWRGHSUHVVLRQLVQRW\HWFOHDUFXWWKHUHIRUHWKHVHUHVXOWVZLOOEH
UHDQDO\VHGZLWKWKHORQJLWXGLQDOUHVXOWVRIWKH9,7$SURMHFWDIWHUWKHVHFRQG
UHFUXLWPHQWZKLFKLVFXUUHQWO\XQGHUZD\
6
(DWLQJ'LVRUGHUV$HWLRORJLFDO5HVHDUFKIURP*HQHWLF
(SLGHPLRORJ\0ROHFXODU*HQHWLFV1HXURELRORJ\DQG
1HXURSV\FKRORJ\
6
$HWLRORJLFDO0RGHOVRI$1,QFOXGLQJ1HXURELRORJ\*HQHWLFV
DQG3V\FKRSDWKRORJ\
-DQHW7UHDVXUH
/RQGRQ8.
%URZQ.%OXQGHOO-
7KHUH DUH WZR IRUPV RI DQRUH[LD QHUYRVD WKH UHVWULFWLQJ VXEW\SH DQG WKH
ELQJHSXUJHVXEW\SH$NH\GLIIHUHQWLDWLQJIDFWRULVWKHEHKDYLRXUUHODWHGWR
IRRGELQJHSXUJHVXEW\SHVH[KLELWDWUDLWRIGLVLQKLELWHGHDWLQJDQGUREXVW
KXQJHUZKHUHDV DZHDNHU FRQVWUDLQHG DSSHWLWH LV DVVRFLDWHGZLWK UHVWULFW
LQJDQRUH[LDQHUYRVD,WLVSRVVLEOHWKDWWKHVHWUDLWVSURGXFHDPRUHUREXVW
SKHQRW\SH WKDQ WKH FOLQLFDO V\QGURPHZKLFK FDQÀXFWXDWH RYHU WLPH7KH
ELRORJLFDODHWLRORJ\PD\GLIIHUEHWZHHQWKHVXEW\SHV)RUH[DPSOHWKH
GLVWULEXWLRQ RI FHUWDLQ FDQGLGDWH DOOHOHV PD\ GLIIHU EHWZHHQ WKH VXEW\SHV
%URZQVXEPLWWHGDQGOLQNDJHWRFKURPRVRPHLVPRUHWLJKWO\OLQNHGWR
WKHUHVWULFWLQJVXEW\SHRIDQRUH[LDQHUYRVD7KHUHLVVRPHHYLGHQFHWKDW
EUDLQDFWLYDWLRQDQGQHXURSV\FKRORJLFDO WHVWLQJPD\GLIIHUHQWLDWHEHWZHHQ
WKHVXEW\SHV,QGHHGWKHUHLVDOVRHYLGHQFHWKDWELQJHSXUJHDQGUHVWULFWLQJ
VXEW\SHVRIDQRUH[LDQHUYRVDUHVSRQGGLIIHUHQWO\WRPHGLFDWLRQLIUHVHDUFK
LVWRSURJUHVVLQWKLVDUHLWZLOOEHQHFHVVDU\WRSD\PRUHDWWHQWLRQWRWKHGH
VFULSWLRQRIWKHSKHQRW\SHZLWKDQHPSKDVLVRQWKRVHIDFWRUVWKDWUHSUHVHQW
DWUDLWUDWKHUWKDQDVWDWHYXOQHUDELOLW\
5HIHUHQFHV
&ROOLHU'$7UHDVXUH-/7KHDHWLRORJ\RIHDWLQJGLVRUGHUV%U-3V\FKLD
WU\
'HYOLQ%%DFDQX6$.OXPS./%XOLN&0)LFKWHU00+DOPL.$HW
DO /LQNDJH DQDO\VLV RI DQRUH[LD QHUYRVD LQFRUSRUDWLQJ EHKDYLRUDO FRYDUL
DWHV+XP0RO*HQHW
+DOPL.$(FNHUW(/D'X7-&RKHQ -$QRUH[LD QHUYRVD7UHDWPHQW
HI¿FDF\RIF\SURKHSWDGLQHDQGDPLWULSW\OLQH$UFK*HQ3V\FKLDWU\

6
5HFHQW$GYDQFHVLQWKH*HQHWLF(SLGHPLRORJ\RI$QRUH[LD
1HUYRVD
&\QWKLD%XOLN
8QLYHUVLW\RI1RUWK&DUROLQD&KDSHO+LOO86$
36XOOLYDQ)7R]]L+)XUEHUJ13HGHUVHQ3/LFKWHQVWHLQ
$LPV7RGHWHUPLQHWKHSUHYDOHQFHDQGKHULWDELOLW\RIQDUURZO\DQGEURDGO\
GH¿QHG DQRUH[LD QHUYRVD $1 DFURVV WZR ELUWK FRKRUWV RI IHPDOH WZLQV
IURPWKH6ZHGLVK7ZLQ5HJLVWU\DVZHOODVSURVSHFWLYHULVNIDFWRUVRI$1
0HWKRGV:HGHWHUPLQHGWKHSUHYDOHQFHRIYDU\LQJO\VWULQJHQWGH¿QLWLRQV
RI$1LQWZLQVERUQEHWZHHQDQGEHWZHHQLQ
ERWKPDOHVDQG IHPDOHV+HULWDELOLW\HVWLPDWHVDQGSURVSHFWLYHO\DVVHVVHG
ULVNIDFWRUVZHUHDVVHVVHGIRUIHPDOHV
5HVXOWV7KHSUHYDOHQFHRI$1RIDOOGH¿QLWLRQVRILOOQHVVZDVVLJQL¿FDQWO\
JUHDWHU LQ WKH \RXQJHU FRKRUW RI WZLQV ,QGLYLGXDOVZLWK D KLVWRU\ RI$1
PDLQWDLQHGDORZHU%0,DQGUHSRUWHGJUHDWHUH[HUFLVHDQGEHWWHUSHUFHLYHG
KHDOWK([FOXGLQJLQGLYLGXDOVZLWK%0,VDVDSUR[\IRUFXUUHQW LOO
QHVVDKLVWRU\RI$1DSSHDUVWRFRQIHUDSURWHFWLYHHIIHFWRQWKHGHYHORS
PHQWRIRYHUZHLJKW25 &,S ,QGLYLGXDOV
ZLWK$1 DOVR DSSHDU WR H[KLELW GLIIHUHQW OLIHWLPHZHLJKW WUDMHFWRULHV WKDQ
LQGLYLGXDOVZLWKRXW$1 LQ WKHJHQHUDOSRSXODWLRQ7KHKHULWDELOLW\RIQDU
URZO\GH¿QHG'60,9$1ZDVHVWLPDWHGWREHD &,
ZLWK WKH UHPDLQLQJ YDULDQFH DWWULEXWDEOH WR VKDUHG HQYLURQPHQW F 
&,  DQG XQLTXH HQYLURQPHQW H  &, 
1HXURWLFLVPPHDVXUHG\HDUVSULRUWRWKHGLDJQRVWLFDVVHVVPHQWZDVVLJ
QL¿FDQWO\DVVRFLDWHGZLWKWKHGHYHORSPHQWRIODWHU$125 
S 
&RQFOXVLRQV 7KH SUHYDOHQFH RI$1 LQ ERWK PDOHV DQG IHPDOHV KDV LQ
FUHDVHG DFURVV ELUWK FRKRUWV VSDQQLQJ  7KLV LV WKH ¿UVW WZLQ
VWXG\RIVXI¿FLHQW VL]H WRHQDEOHKHULWDELOLW\HVWLPDWHV IRU WKUHVKROG'60
,9$1VXJJHVWLQJDVXEVWDQWLDOFRQWULEXWLRQRIJHQHWLFIDFWRUVWROLDELOLW\WR
WKHGLVRUGHU+LJKQHXURWLFLVPDSSHDUV WRSUHGLFW WKHHPHUJHQFHRI$1LQ
WKLVSRSXODWLRQEDVHGVDPSOH:KHWKHUWKLVLVDVSHFL¿FRUQRQVSHFL¿FULVN
IDFWRUIRU$1UHPDLQVXQNQRZQ7KRVHZKRVXUYLYH$1DSSHDUWRPDLQWDLQ
ORZHU %0,V WKDQ LQGLYLGXDOV LQ WKH JHQHUDO SRSXODWLRQ DQG EH SURWHFWHG
DJDLQVWWKHGHYHORSPHQWRIRYHUZHLJKW7KHVHUHVXOWVDUHGLVFXVVHGLQOLJKW
RIUHFHQWHYLGHQFHRIDKLVWRU\RI$1EHLQJSURWHFWLYHDJDLQVWWKHGHYHORS
PHQWRIVRPHPDOLJQDQFLHV
6
8SGDWHRQ/LQNDJH)LQGLQJVIURPWKH3ULFH)RXQGDWLRQ
6WXGLHVRIWKH*HQHWLFVRI$QRUH[LDDQG%XOLPLD1HUYRVD
:DOWHU.D\H
86$
7KH 3ULFH )RXQGDWLRQ LQWHUQDWLRQDO FROODERUDWLRQ FRPSOHWHG WKH ¿UVW JH
QRPHZLGHVHDUFKIRUSRWHQWLDOVXVFHSWLELOLW\JHQHVLQ$1LQNLQGUHGV
ZLWKDWOHDVWRQHDIIHFWHGUHODWLYHSDLUZLWK$1RUUHODWHGHDWLQJGLVRUGHUV
$1$53*ULFH$OWKRXJKHYLGHQFHIRUOLQNDJHLQWKHHQWLUHVDPSOH
ZDV QHJOLJLEOH DQ DQDO\VLV XVLQJ WKHPRVW QDUURZ DIIHFWLRQ VWDWXVPRGHO
FRPSULVHGRIUHODWLYHVZLWKRQO\UHVWULFWLQJW\SHDQRUH[LDQHUYRVDJHQHUDWHG
D SHDN PXOWLSRLQW QRQSDUDPHWULF OLQNDJH VFRUH RI  RQ FKURPRVRPH
 ,Q D IXUWKHU DQDO\VLV 'HYOLQ  WZR YDULDEOHV GULYHIRUWKLQQHVV
DQG REVHVVLRQDOLW\ LQFRUSRUDWHG DV FRYDULDWHV LQWR WKH OLQNDJH DQDO\VLV
UHVXOWHGLQVHYHUDOUHJLRQVRIVXJJHVWLYHOLQNDJHRQHFORVHWRJHQRPHZLGH
VLJQL¿FDQFHRQDQRWKHUUHJLRQRI&KURPRVRPH/2' $VHFRQG
VWXG\RINLQGUHGVZLWKDWOHDVWRQHDIIHFWHGUHODWLYHSDLUZLWK%1%1
$53VXJJHVWVLJQL¿FDQWOLQNDJHIRUDVXEVHWRIWKLVGLVRUGHU%XOLN
7KHVHLQLWLDO¿QGVXJJHVWVJHQHWLFKHWHURJHQHLW\LQHDWLQJGLVRUGHUVDQGWKH
SRWHQWLDOYDOXHRIJHQRPLFDQDO\VHVFRQGXFWHGRQODUJHVDPSOHVRIFOLQLFDOO\
KRPRJHQHRXVVDPSOHVRIVXEMHFWV
7R LQFUHDVH WKH OLNHOLKRRGRI¿QGLQJJHQHWLF YDULDWLRQ FRQIHUULQJ OLDELOLW\
WRHDWLQJGLVRUGHUVRYHUDWWULEXWHVZHUHPHDVXUHGWKDWZHUHWKRXJKWWR
EHUHODWHGWROLDELOLW\WRHDWLQJGLVRUGHUV%\DPXOWLOD\HUGHFLVLRQSURFHVV
EDVHGRQH[SHUWHYDOXDWLRQDQGVWDWLVWLFDODQDO\VLVVL[WUDLWVZHUHVHOHFWHG
IRUOLQNDJHDQDO\VLVREVHVVLRQDOLW\2%6DJHDWPHQDUFKH0(1$5
DQGDQ[LHW\$1;IRUTXDQWLWDWLYHWUDLWORFXV47/OLQNDJHDQDO\VLVDQG
OLIHWLPHPLQLPXP%RG\0DVV ,QGH[ %0, FRQFHUQ RYHUPLVWDNHV &0
DQG IRRGUHODWHG REVHVVLRQV 2%) IRU FRYDULDWHEDVHG OLQNDJH DQDO\VLV
/4(%2¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
%XOLN VXEPLWWHG 7KHVH OLQNDJH DQDO\VHV SURGXFHG FRPSHOOLQJ OLQNDJH
VLJQDOV 'HYOLQ VXEPLWWHG IURP WKH %1$53 VDPSOH IRU 47/ OLQNDJH
DQDO\VLV IRXU VXJJHVWLYH VLJQDOV IRU 0(1$5 DW S IRU $1; DW
T T DQG T IRU FRYDULDWHEDVHG OLQNDJH DQDO\VHV ERWK
VLJQL¿FDQWDQGVXJJHVWLYH OLQNDJHVIRU%0,RQHVLJQL¿FDQW>T@DQG
WKUHHVXJJHVWLYH>SSS@IRU&0WZRVLJQL¿FDQW>S
T@DQGWKUHHVXJJHVWLYH>STS@DQGIRU2%)
RQH VLJQL¿FDQW >T@ DQG ¿YH VXJJHVWLYH >S S T
SS@5HVXOWV IURP WKH$1$53ZHUH IDU OHVVFRPSHOOLQJ
IRU 47/ OLQNDJH DQDO\VLV WZR VXJJHVWLYH VLJQDOV IRU 2%6 DW T DQG
IRU$1;DW S IRU FRYDULDWHEDVHG OLQNDJH DQDO\VLV ¿YH VXJJHVWLYH
VLJQDOVIRU%0,DWTIRU&0DWSDQGTDQGIRU2%)
DWTDQGT2YHUODSEHWZHHQWKHWZRFRKRUWVZDVPLQLPDOIRU
VXEVWDQWLDOOLQNDJHVLJQDOV
6
7KH0ROHFXODU*HQHWLFVRI(DWLQJGLVRUGHUV
'DYLG&ROOLHU
,QVWLWXWHRI3V\FKLDWU\8.
-DQHW7UHDVXUH;XQ+X&LJGHP*HOHJHQ0DUWHLQ.DV
2EMHFWLYHV$QRUH[LDQHUYRVDLVFKDUDFWHULVHGE\DQRYHUHYDOXDWLRQRIERG\
VKDSH DQG ZHLJKW DQG E\ UHVWULFWLRQ RI IRRG LQWDNH UHVXOWLQJ LQ H[WUHPH
ZHLJKWORVVPRUWDOLW\LVDERXWDQGVRPHSDWLHQWVQHYHUIXOO\UHFRYHU
7KHUH DUH QR UDSLG DQG FRPSOHWHO\ VDWLVIDFWRU\ WUHDWPHQWV ,W LV D GLVRUGHU
ZLWKJHQHWLFDQGHQYLURQPHQWDOFRQWULEXWLRQVZLWKJHQHVWKRXJKWWRFRQWULE
XWHDERXWKDOIRIWKHFDXVHV+RZHYHUWKHDHWLRORJ\LVSRRUO\XQGHUVWRRG
3DWLHQWVDUHRIWHQ LOOZLWKRWKHUSV\FKLDWULFFRQGLWLRQVVXFKDVGHSUHVVLRQ
DQG WKH GLDJQRVLV LV XQVWDEOH ZLWK PDQ\ SDWLHQWV VZLWFKLQJ WR EXOLPLD
QHUYRVDZKHUHZHLJKWPD\EHQRUPDOEXWEHKDYLRXUVVXFKDVYRPLWLQJDUH
XVHGWRSUHYHQWZHLJKWJDLQ7KLVFRPSOH[LW\KDVKDPSHUHGHIIRUWVWR¿QG
VXVFHSWLELOLW\JHQHVZKLFKZRXOGLQFUHDVHRXUXQGHUVWDQGLQJRIWKHGLVHDVH
DQGZKLFKFRXOGEHXVHGWRLPSURYHWUHDWPHQW7KHREMHFWLYHRISRXUZRUN
LVWRXVHKXPDQJHQHWLFVDQGDQLPDOPRGHOVWRLGHQWLI\VXVFHSWLELOLW\JHQHV
$FWLYLW\%DVHG$QRUH[LD$%$LQZKLFKURGHQWVZLWKDFFHVVWRDUXQQLQJ
ZKHHODQGRQGDLO\IRRGUHVWULFWLRQGHYHORSEHKDYLRXUDOK\SHUDFWLYLW\DQG
UDSLGO\ORVHERG\ZHLJKWLVDPRGHOIRUDQRUH[LDQHUYRVD7KLVEHKDYLRXU
KDVVWURQJVLPLODULWLHVWR$1WKHSKHQRW\SHLVPRUHVHYHUHLQIHPDOHPLFH
DQG IRRG UHGXFWLRQ LVDFFRPSDQLHGE\K\SHUDFWLYLW\ZHLJKW ORVV UHGXFHG
WHPSHUDWXUHDQGK\SROHSWLQDHPLD
0HWKRGV :H GHWHUPLQHG WUDLW GLIIHUHQFHV LQ WKH $FWLYLW\ %DVHG $QR
UH[LD$%$PRGHORIWKUHHJHQHWLFDOO\GLIIHUHQWLQEUHGVWUDLQVRIPLFH$-
&%/-DQG'%$-
5HVXOWV 2XU SLORW GDWD XVLQJ &%/-$- FKURPRVRPH VXEVWLWXWLRQ
VWUDLQV &66 RI PLFH KDV VKRZQ WKDW$- GRQRU PLFH FDUU\ 47/V IRU
$%$ ZH KDYH LGHQWL¿HG D SXWDWLYH 47/ IRU$%$ K\SHUDFWLYLW\ RQ$-
FKURPRVRPH:HSURSRVHWRPDS47/VDFURVVDOO&66PLFHYDOLGDWH
DQG LGHQWLI\ WKHVH47/VXVLQJEDFNFURVVHVDQGSHUIRUPIDPLO\EDVHGDV
VRFLDWLRQ DQDO\VLV LQ KXPDQV WR HYDOXDWH WKH SXWDWLYH VXVFHSWLELOLW\ JHQHV
WKDWZHLGHQWLI\
&RQFOXVLRQV$%$LVDJRRGDQLPDOPRGHORIDQRUH[LDQHUYRVDDQGFDQEH
XVHG WR DXJPHQW KXPDQ JHQHWLF VWXGLHV+XPDQ VWXGLHV KDYH LGHQWL¿HG D
QXPEHURIFDQGLGDWHJHQHVEXWWKHVHDUHQRW\HWYDOLGDWHG
6
'HFLVLRQ0DNLQJLQ$QRUH[LD1HUYRVD$&URVV6HFWLRQDO
&RPSDULVRQEHWZHHQ3DWLHQWV5HFRYHUHG6XEMHFWVDQG
+HDOWK\&RQWUROV
.DWH7FKDQWXULD
,QVWLWXWHRI3V\FKLDWU\.LQJ¶V&ROOHJH8QLYHUVLW\RI/RQGRQ8.
7KRPDV/LDR5XGROI8KHU1DWDOLD/DZUHQFH,DLQ&DPSEHOO
-DQHW7UHDVXUH
2EMHFWLYHV7KHRUELWRIURQWDOFRUWH[2)&LVQHFHVVDU\IRUSUDFWLFDOGHFL
VLRQPDNLQJDQGWKH,RZD*DPEOLQJ7DVN,*7LVDQHVWDEOLVKHGLQVWUXPHQW
IRU LQYHVWLJDWLQJ GHFLVLRQPDNLQJ DQG2)& IXQFWLRQ %HFKDUD :H
KDYH FRQGXFWHG QHXURSV\FKRORJLFDO VWXGLHV RI 2)& IXQFWLRQ LQ VXEMHFWV
ZLWK DQRUH[LD QHUYRVD $1 DV RXU QHXURLPDJLQJ¿QGLQJV LPSOLFDWH2)&
G\VIXQFWLRQLQWKHSDWKRJHQHVLVRIWKHGLVRUGHU8KHU
0HWKRGV 8VLQJ WKH FRPSXWHULVHG ,*7 ZH LQYHVWLJDWHG WKH SUR¿OH RI
GHFLVLRQPDNLQJSHUIRUPDQFH LQ$1SDWLHQWV Q  ORQJ WHUPUHFRYHUHG
VXEMHFWVQ DQGKHDOWK\FRQWUROIHPDOHV6NLQFRQGXFWDQFHGXULQJ
WKHWDVNZDVPHDVXUHGXVLQJWKH36</$%HTXLSPHQW
5HVXOWV$VH[SHFWHGWKHKHDOWK\FRQWUROZRPHQPDGHSURJUHVVLYHO\PRUH
DGYDQWDJHRXVFKRLFHVGXULQJWKHWDVN3DWLHQWVZLWK$1IDLOHGWRVKRZWKLV
OHDUQLQJHIIHFWDQGFRQWLQXHGPDNLQJGLVDGYDQWDJHRXVFKRLFHV WKURXJKRXW
WKH WDVN7KRVH UHFRYHUHG IURP$1 VKRZHG D QRUPDO OHDUQLQJ FXUYH DQG
WKHLU SHUIRUPDQFHZDV QRZRUVH WKDQ WKDW RI KHDOWK\ FRQWUROV LQ WKH ,*7
6NLQFRQGXFWDQFHUHVSRQVHVKDYHQRWEHHQIXOO\DQDO\VHGEXWZLOOEHSUH
VHQWHG
&RQFOXVLRQV ,PSDLUPHQW RI GHFLVLRQ PDNLQJ LQ $1 KDV EHHQ UHSRUWHG
&DYHGLQL  EXW QRQLPSDLUHG GHFLVLRQ PDNLQJ LQ ZRPHQ UHFRYHUHG
IRUP$1KDVQRWEHHQGRFXPHQWHG7KLVSDWWHUQRIUHVXOWVVXJJHVWVWKDWLP
SDLUHGGHFLVLRQPDNLQJLVHLWKHUDVWDWHPDUNHURI$1DQGWKDWLPSURYHPHQW
LQGHFLVLRQPDNLQJLVSDUWRIWKHSURFHVVRIUHFRYHU\RUDOWHUQDWLYHO\LWPD\
EHWKDWGHFLVLRQPDNLQJFDSDFLW\LVDSRVLWLYHSURJQRVWLFIDFWRUZKLFKPDNHV
LWSRVVLEOHWRDWWDLQIXOOUHFRYHU\7KHVHWZRGLVWLQFWSRVVLELOLWLHVFRXOGEH
H[DPLQHGE\DORQJLWXGLQDOLQYHVWLJDWLRQ
5HIHUHQFHV
%HFKDUD$'DPDVLR+'HFLVLRQPDNLQJDQGDGGLFWLRQSDUW,LP
SDLUHGDFWLYDWLRQRIVRPDWLFVWDWHVLQVXEVWDQFHGHSHQGHQWLQGLYLGXDOVZKHQ
SRQGHULQJGHFLVLRQVZLWKQHJDWLYHIXWXUHFRQVHTXHQFHV1HXURSV\FKRORJLD

%HFKDUD$'RODQ6+LQGHV$'HFLVLRQPDNLQJDQGDGGLFWLRQSDUW
,,P\RSLDIRUWKHIXWXUHRUK\SHUVHQVLWLYLW\WRUHZDUG"1HXURSV\FKRORJLD

&DYHGLQL3%DVVL78EELDOL$&DVRODUL$*LRUGDQL6=RU]L&HWDO
1HXURSV\FKRORJLFDO LQYHVWLJDWLRQRIGHFLVLRQPDNLQJLQDQRUH[LDQHUYRVD
3V\FKLDWU\5HV
8KHU5%UDPPHU0-0XUSK\7&DPSEHOO,&1J9::LOOLDPV6&HWDO
5HFRYHU\DQGFKURQLFLW\LQDQRUH[LDQHUYRVDEUDLQDFWLYLW\DVVRFL
DWHGZLWKGLIIHUHQWLDORXWFRPHV%LRO3V\FKLDWU\
6
(SLJHQHWLFVDQG8QVWDEOH'1$LQ3V\FKLDWULF*HQHWLFV
6
*HQRPLF0HWK\ODWLRQ'LVFRUGDQFHEHWZHHQ6FKL]RSKUHQLF
7ZLQV
7DNDKLUR7VXMLWD
+LURQDND+RVSLWDO1DJDVDNL-DSDQ
2EMHFWLYHV*HQRPLF'1$RIPRQR]\JRWLFWZLQVGLVFRUGDQWIRUVFKL]RSKUH
QLDZDVDQDO\]HGWRGHWHUPLQHZKHWKHUWKHLUJHQRPHVZHUHWUXO\LGHQWLFDO
0HWKRGV7KH VXEMHFWVZHUHPRQR]\JRWLFPDOH WZLQV RQH RIZKRP KDG
'60,9VFKL]RSKUHQLDXQGLIIHUHQWLDWHGW\SH*HQRPLF'1$ZDVH[WUDFWHG
IURP OHXNRF\WHV DQGZDV DSSOLHG WR5HVWULFWLRQ/DQGPDUN*HQRPH6FDQ
QLQJ 5/*6 DQDO\VLV ZKLFK ZDV GHYHORSHG IRU D KLJKVSHHG VXUYH\ RI
UHVWULFWLRQVLWHVWKURXJKRXWDJHQRPHDQGPHDVXUHPHQWRIWKHLUFRS\QXPEHU
LQHDFKORFXV
5HVXOWV7KH5/*6DQDO\VLV UHYHDOHG DSSUR[LPDWHO\  VSRWV RQ HDFK
WZLQ¶VDXWRUDGLRJUDP$GHWDLOHGFRPSDULVRQRIWKH5/*6SDWWHUQVGHWHFWHG
DWOHDVW¿YHVSRWVVSRWWKDWVKRZHGREYLRXVO\GLIIHUHQWDXWRUDGLRJUDSK
LFLQWHQVLWLHVEHWZHHQWKHWZLQV$OOWKHVSRWVHVWLPDWHGWREHDERXW
ESZHUHREVHUYHGRQO\LQWZLQ$ZKLOHLQWZLQ%VSRWZDVODFNLQJDQG
VSRWV  ZHUH YHU\ IDLQWO\ YLVLEOH 7KH GLVFUHSDQFLHV ZHUH DVFHUWDLQHG
FRQVLVWHQWO\E\UHSHDWHG5/*6WULDOV$IWHU WU\LQJ WRFORQHIUDJPHQWV WKDW
SURGXFHGDOOWKHVSRWVZHREWDLQHGIRXUFORQHV1DWXUDOO\HDFKRIWKHFORQHV
KDVD1RW,UHFRJQLWLRQVLWHDWWKH¶HQGRIWKHIUDJPHQW
&RQFOXVLRQV ,W LV NQRZQ WKDW  RI 1RW, UHFRJQLWLRQ VLWHV DUH ORFDWHG
RQ&S*LVODQGV7KXV WKHIUDJPHQWVGHWHFWHG LQRXUUHVHDUFKKDYHDKLJK
SUREDELOLW\ RI UHÀHFWLQJ VXFK D PXWDWLRQ OHDGLQJ WR DQ DOWHUDWLRQ RI WKH
WUDQVFULSWLRQ OHYHO RI D JHQH 7ZR DOWHUQDWLYH PHFKDQLVPV E\ ZKLFK WKH
GLVFUHSDQWIUDJPHQWVLQWKHWZLQVDSSHDUDUHSRVVLEOH)LUVWLQHLWKHURIWKH
WZLQV D VXEPLFURVFRSLF FKDQJH RI'1$ IRU H[DPSOH GHOHWLRQLQVHUWLRQ
VXEVWLWXWLRQ RU WUDQVORFDWLRQ PD\ KDYH RFFXUUHG DW 1RW, ÀDQNLQJ VLWHV
VLPXOWDQHRXVO\ZLWK RU DIWHU WZLQQLQJ 6HFRQG DVZH XVHG WKHPHWK\OD
WLRQVHQVLWLYHHQ]\PH1RW, WKHPHWK\ODWLRQVWDWXVDW1RW, VLWHVPD\EH
GLIIHUHQWEHWZHHQWKHWZLQV
/4(%2¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
5HIHUHQFHV
+D\DVKL]DNL<:DWDQDEH65HVWULFWLRQODQGPDUNJHQRPHVFDQQLQJ
5/*66SULQJHU7RN\R
7VXMLWD 7 .D\DVKLPD 7 1LLNDZD 1 1DNDQH < DQG 2ND]DNL < 
$UH0RQR]\JRWLF 7ZLQV 'LVFRUGDQW IRU 3V\FKRVLV FDXVHG E\ 'LIIHUHQWLDO
0HWK\ODWLRQ",Q0L\RVKL.6KDSLUR&0*DYLULD0DQG0RULWD<HGV
&RQWHPSRUDU\1HXURSV\FKLDWU\6SULQJHU9HUODJ7RN\RSS
6
6HDUFKIRU'1$0HWK\ODWLRQ'LIIHUHQFHVEHWZHHQ'LVFRUGDQW
7ZLQV
7DGDIXPL.DWR
5,.(1%UDLQ6FLHQFH,QVWLWXWH+RNNDLGR8QLYHUVLW\-DSDQ
*R.XUDWRPL.D]X\D,ZDPRWR,FKLUR.XVXPL
2EMHFWLYHV&RQFRUGDQFHUDWHRIELSRODUGLVRUGHULVKLJKEXWLWLVQRW
7KHSKHQRW\SLFGLIIHUHQFHEHWZHHQPRQR]\JRWLFWZLQVPD\EHDULVHQIURP
HSLJHQHWLFGLIIHUHQFHV7KHJRDORIRXUVWXG\LVWRLGHQWLI\HSLJHQHWLFGLIIHU
HQFHVFDXVLQJSKHQRW\SLFGLIIHUHQFH
0HWKRGV 6XEMHFWV DUH RQH SDLU RI GLVFRUGDQW WZLQV  \HDUV ROGPDOHV
RIZKLFK RQH KDV ELSRODU GLVRUGHU /\PSKREODVWRLG FHOO OLQHVZHUH HVWDE
OLVKHG IURP WKHVH VXEMHFWV7KH DIIHFWHG WZLQV VKRZHG GRZQUHJXODWLRQ RI
HQGRSODVPLFUHWLFXOXPVWUHVVVLJQDOLQJUHODWHGJHQHVXVLQJ'1$PLFURDUUD\
.DNLXFKLHWDO'1$PHWK\ODWLRQGLIIHUHQFHVEHWZHHQWKHWZLQVZHUH
VHDUFKHGIRUXVLQJPHWK\ODWLRQVHQVLWLYHUHSUHVHQWDWLYHGLIIHUHQWLDODQDO\VLV
065'$PHWKRG
5HVXOWV$PRQJWKHFORQHVREWDLQHGDSSUR[LPDWHO\WZRWKLUGZDVGHULYHG
IURPUHSHDWVHTXHQFHVRUPLWRFKRQGULDO'1$ZKLFKDUHUHJDUGHGDVDUWL
IDFWV7KHRWKHU FORQHVZHUHGHULYHG IURPXSVWUHDP UHJLRQVRI WKHJHQHV
LQFOXGLQJ&S*LVODQGV7KHVHJHQHVDUHFXUUHQWO\XQGHULQYHVWLJDWLRQ
&RQFOXVLRQV 2XU SUHOLPLQDU\ UHVXOWV VKRZHG WKDW WKHUH PLJKW EH VRPH
'1$PHWK\ODWLRQGLIIHUHQFHVEHWZHHQPRQR]\JRWLFWZLQV
5HIHUHQFHV
.DNLXFKL & ,ZDPRWR . ,VKLZDWD 0 %XQGR0 .DVDKDUD 7 .XVXPL ,
7VXMLWD72ND]DNL<1DQNR6.XQXJL+6DVDNL7.DWR7,PSDLUHG
IHHGEDFN UHJXODWLRQRI;%3DVDJHQHWLF ULVN IDFWRU IRUELSRODUGLVRUGHU
1DWXUH*HQHWLFV
6
$OX,QVHUWLRQ6LWHVRI0RQR]\JRWLF7ZLQV'LVFRUGDQW)RU
6FKL]RSKUHQLD
0LNDNR8HQR
'HSDUWPHQWRI3V\FKLDWU\7HLN\R8QLYHUVLW\6FKRRORI0HGLFLQH
7RN\R-DSDQ
61DQNR
2EMHFWLYHV7KH UROHV RIPHWK\ODWLRQ DQG UHSHWLWLYH HOHPHQWV LQ JHQRPLF
GLYHUVLW\DQGKXPDQGLVHDVHVKDYHEHHQUHSRUWHGLQFUHDVLQJO\&URZ
SURSRVHG WKDW WKH UHWURYLUDO LQWHJUDWLRQ PD\ LQÀXHQFH WKH VHTXHQFH RI
QHXURGHYHORSPHQWDOJHQHWKDWLVLQYROYHGLQVFKL]RSKUHQLD7KLVUHWURYLUDO
K\SRWKHVLV KDV EHHQ VXEVWDQWLDWHGE\PDQ\ VWXGLHV )RU H[DPSOH UHWURYL
UDOUHODWHG VHTXHQFHZKLFKZDV LVRODWHG LQPRQR]\JRWLF WZLQV GLVFRUGDQW
IRU VFKL]RSKUHQLD ZDV IRXQG SODFHQWDOO\ H[SUHVVHG DQG DOVR DEHUUDQWO\
PHWK\ODWHG 'HE5LQNHUHWDO$QFLHQWDQGGHQRYR LQVHUWLRQVLWHV
RI UHWURSRVRQ LQ KXPDQ JHQRPH KDYH EHHQ LGHQWL¿HG DV GLVHDVHFDXVLQJ
PXWDWLRQV .D]D]LDQ  DQG'HLQJLQJHU DQG%DW]HU 0RUHRYHU
D PDMRU LPSDFW RQ JHQRPLF DQG FKURPRVRPDO GLYHUVLW\ ZDV EURXJKW E\
UHSHWLWLYH HOHPHQWV HVSHFLDOO\ WUDQVSRVDEOH HOHPHQWV ZKLFK DUH PRELOH
LQ YDULRXVZD\V LQ WKH KXPDQ JHQRPH )XUWKHUPRUH VHYHUDO IUDJLOH VLWHV
LQFOXGLQJUHSHWLWLYHHOHPHQWVDUHORFDWHGRQWKHJHQHPDSORFXVDVVRFLDWHG
ZLWKVFKL]RSKUHQLD2QWKHK\SRWKHVLVWKDWWKHGLVWULEXWLRQRIWUDQVSRVDEOH
HOHPHQWVPD\FRQWULEXWHWRVXVFHSWLELOLW\WRVFKL]RSKUHQLDZHFRQGXFWHGD
FRPSUHKHQVLYHVFUHHQLQJRILQVHUWLRQVLWHVRIWUDQVSRVDEOHHOHPHQWVLQSD
WLHQWVZLWKVFKL]RSKUHQLDWRGHYHORSDEHWWHUXQGHUVWDQGLQJRIWKHHWLRORJLFDO
UROHVRIWKHHOHPHQWV
0HWKRGV,QWKLVVWXG\ZHDWWHPSWHGWRGHWHFWWKHGHQRYRLQVHUWLRQVLWHVRI
WUDQVSRVDEOHHOHPHQWUHWURSRVRQ$OXLQJHQRPLF'1$RIWKHPRQR]\JRWLF
WZLQVGLVFRUGDQWIRUVFKL]RSKUHQLDSDWLHQWZLWKVFKL]RSKUHQLDDQGKHUVLV
WHUXVLQJ LQYHUVH3&5ZLWKVXEWUDFWLRQVFUHHQLQJDQG'1$ZDONLQJ7KH
UHVHDUFKZDVGRQHXQGHUWKHDSSURYDORIWKH(WKLFDO&RPPLWWHHIRU*HQHWLF
5HVHDUFK7HLN\R8QLYHUVLW\6FKRRORI0HGLFLQH
5HVXOWV %\ $OX VSHFL¿F LQYHUVH3&5 ZLWK VXEWUDFWLRQVFUHHQLQJ ZH
GHWHFWHGVHYHUDOIUDJPHQWVLQDSDWLHQWZLWKVFKL]RSKUHQLDZKLFKZHUHQRW
UHFRJQL]HG LQ KHU VLVWHU 7KHVH IUDJPHQWV FKDUDFWHUL]HG E\'1$ZDONLQJ
PD\FRQWDLQWKHVXVFHSWLEOHJHQHVRUUHJLRQVIRUVFKL]RSKUHQLD
&RQFOXVLRQV$OX UHWURSRVLWLRQKDVRFFXUUHG LQ WKHSDWLHQW VXJJHVWLQJ LWV
UROH LQVXVFHSWLELOLW\ WRVFKL]RSKUHQLD7KLVDSSURDFKZLOODOORZXV WRXVH
UHSHWLWLYHHOHPHQWVDVWRROVWRGHWHFWWKHULVNJHQHVDVVRFLDWHGZLWKVFKL]R
SKUHQLDDQGRWKHUKXPDQGLVHDVHV
5HIHUHQFHV
&URZ7- $ UHHYDOXDWLRQ RI WKH YLUDO K\SRWKHVLV LV SV\FKRVLV WKH
UHVXOWRIUHWURYLUDOLQWHJUDWLRQDWDVLWHFORVHWRWKHFHUHEUDOGRPLQDQFHJHQH"
%U-3V\FKLDWU\
'HE5LQNHU32µ5HLOO\5/7RUUH\()6LQJK600ROHFXODUFKDUDF
WHUL]DWLRQRIDNETVSHFL¿FUHWURYLUDOUHODWHGVHTXHQFHLVRODWHGE\
5'$IURPPRQR]\JRWLFWZLQSDLUVGLVFRUGDQWIRUVFKL]RSKUHQLD*HQRPH

.D]D]LDQ++-U0RELOHHOHPHQWVDQGGLVHDVH&XUU2SLQ*HQHW'HY

'HLQLQJHU 3/ %DW]HU 0$  $OX UHSHDWV DQG KXPDQ GLVHDVH 0RO
*HQHW0HWDE
6
(SLJHQHWLF6WDWXVRI;<+RPRORJRXV*HQHVIRU&HUHEUDO
$V\PPHWU\DQG3V\FKRVLV
7LPRWK\-&URZ
6$1(32:,&8QLYHUVLW\RI2[IRUG2[IRUG2;-;8.
$OH[DQGUD/RSHV0DULD*LRX]HOL1RUPDQ$5RVV
2EMHFWLYHV05,DQGSRVWPRUWHPVWXGLHVVXJJHVW WKDW WKHPRUSKRORJLFDO
FKDQJHVLQVFKL]RSKUHQLDUHODWHWRWKH+RPRVDSLHQVVSHFL¿FFHUHEUDOWRUTXH
&URZDQGWKHUHLVDVWURQJFDVHIURPWKHQHXURSV\FKRORJLFDO
DQGVWUXFWXUDOFRUUHODWHVRIVH[FKURPRVRPHDQHXSORLGLHV;2;;<;;;
DQG ;<< V\QGURPHV WKDW D JHQHWLF GHWHUPLQDQW RI FHUHEUDO DV\PPHWU\
LV ORFDWHG RQ ERWK WKH; DQG WKH< FKURPRVRPHV 6RPH UHJLRQV RI ;<
KRPRORJ\HJWKH;T<SEORFNDQGSVHXGRDXWRVRPDOUHJLRQ3$5
KDYH EHHQ HVWDEOLVKHG LQ WKH FRXUVH RI KRPLQLG HYROXWLRQ *HQHV ZLWKLQ
WKHVHUHJLRQVDUHWKXVSULPHFDQGLGDWHVDVGHWHUPLQDQWVRIVDSLHQVVSHFL¿F
FKDUDFWHULVWLFVVXFKDVDV\PPHWU\7KH\DUHDOVRLQDQRYHOVLWXDWLRQZLWKUH
VSHFWWR;LQDFWLYDWLRQVLQFHJHQHVZLWKDKRPRORJXHRQWKH<DUHJHQHUDOO\
SURWHFWHG IURP VXFK LQDFWLYDWLRQ:HKDYH WKHUHIRUH LQYHVWLJDWHGZKHWKHU
WKHYDULDWLRQDVVRFLDWHGZLWKFHUHEUDODV\PPHWU\DQGWKHHSLJHQHWLFFRQWURO
RIWKHVHFDQGLGDWH;<KRPRORJRXVJHQHVLVUHODWHGWRSV\FKRVLV
0HWKRGV:HH[DPLQHGGDWD LQ WKH OLWHUDWXUHRQ WKHPRUSKRORJLFDOFRUUH
ODWHVRIGLVFRUGDQFHIRUVFKL]RSKUHQLDLQPRQR]\JRWLFWZLQV,QLQGHSHQGHQW
ODERUDWRU\ VWXGLHVZH KDYH LGHQWL¿HG&S* LVODQGV DQG SRVVLEOH SURPRWHU
VLWHVLQWKH3URWRFDGKHULQ;<3&'+;<JHQHSDLUFRGLQJIRUFHOOVXUIDFH
DGKHVLRQPROHFXOHVWKDWLVORFDWHGZLWKLQWKH;T<SUHJLRQRIKRPRO
RJ\:HDUHH[DPLQLQJWKHPHWK\ODWLRQRIWKHVHVLWHVDQGRIFRUUHVSRQGLQJ
SURPRWHUVRIWKH6<%/JHQHZLWKLQWKH3$5UHJLRQZLWKWKHXVHRIPHWK
\ODWLRQVHQVLWLYHHQ]\PHVDQGWKHELVXSKLWHWHFKQLTXH
5HVXOWV0RQR]\JRWLF WZLQV GLVFRUGDQW IRU VFKL]RSKUHQLD GLIIHU LQ DV\P
PHWU\ RI WKH SRVWHULRU VHJPHQW RI WKH 6\OYLDQ ¿VVXUH LOO WZLQV VKRZLQJ
OHVVHU DV\PPHWULHV WKDQ WKHLU ZHOO FRWZLQV )URP RXU ODERUDWRU\ VWXGLHV
ZHKDYHVRPHHYLGHQFHWKDWPHWK\ODWLRQRIWKH&S*LVODQGVRI3&'+;<
DQG6<%/YDULHVEHWZHHQLQGLYLGXDOVDQGEHWZHHQ+RPRVDSLHQVDQGWKH
JUHDWDSHV
&RQFOXVLRQV ,Q WKH DEVHQFH RI FRQVLVWHQW HYLGHQFH IURP OLQNDJH VWXGLHV
ZHFRQFOXGHWKDWHSLJHQHWLFYDULDWLRQDVVRFLDWHGZLWKWKHPRVWUHFHQWHYR
OXWLRQDU\GHYHORSPHQWVLQWKHKXPDQFHUHEUDOFRUWH[LVDOLNHO\H[SODQDWLRQ
RIWKHJHQHWLFSUHGLVSRVLWLRQWRSV\FKRVLVDQGWKDWWKRVHJHQHVVXFKDVWKH
3URWRFDGKHULQ;<SDLUDQG6<%/WKDWKDYHFKDQJHGLQWKHKRPLQLGOLQHDJH
DUHSRWHQWLDOFDUULHUVRIWKLVYDULDWLRQ
5HIHUHQFHV&URZ7-7HPSRUDOOREHDV\PPHWULHVDVWKHNH\WRWKH
HWLRORJ\RIVFKL]RSKUHQLD6FKL]RSKUHQLD%XOOHWLQ
&URZ7-7ZLQVWXGLHVRISV\FKRVLVDQGWKHJHQHWLFVRIFHUHEUDODV\P
PHWU\%ULWLVK-RXUQDORI3V\FKLDWU\
&URZ7-+DQGHGQHVVODQJXDJHODWHUDOLVDWLRQDQGDQDWRPLFDODV\P
PHWU\UHOHYDQFHRISURWRFDGKHULQ;<WRKRPLQLGVSHFLDWLRQDQGWKHDHWLRO
RJ\RISV\FKRVLV%ULWLVK-RXUQDORI3V\FKLDWU\
/4(%2¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
&URZ7-&HUHEUDODV\PPHWU\DQGWKHODWHUDOL]DWLRQRIODQJXDJHFRUH
GH¿FLWVDVSRLQWHUVWRWKHJHQH&XUUHQW2SLQLRQLQ3V\FKLDWU\
6
*HQHWLFVRI+XPDQ+DQG8VH3UHIHUHQFH6FKL]RSKUHQLDDQG
%LSRODU7UDLWV
$PDU-6.ODU
1&,)UHGHULFN&DQFHU5HVHDUFK)DFLOLW\)UHGHULFN0DU\ODQG
86$
7KH FDXVHV RI VFKL]RSKUHQLD DQG ELSRODU KXPDQ SV\FKLDWULF GLVRUGHUV DUH
XQNQRZQ $ QRYHO VRPDWLF FHOO JHQHWLF PRGHO SRVWXODWHG QRQUDQGRP
VHJUHJDWLRQ RI GLIIHUHQWLDOO\ DQG HSLJHQHWLFDOO\ PRGL¿HG ³:DWVRQ´ YV
³&ULFN´'1$FKDLQVRIERWKFRSLHVRIDFKURPRVRPHWRVSHFL¿FGDXJKWHU
FHOOV7KHPRGHO LVEDVHGRQWKHLQKHUHQWQRQHTXLYDOHQFHRI'1$FKDLQV
DFFRUGLQJWRWKH:DWVRQDQG&ULFN¶VGRXEOHKHOL[PRGHO$VDFRQVHTXHQFH
RQHGDXJKWHUFHOOLQKHULWVDQDFWLYDWHGJHQHLQERWKKRPRORJVDQGWKHRWKHU
LQKHULWV ERWK HSLJHQHWLFDOO\ VLOHQFHG ³HSLDOOHOHV´ 6XFK DQ RULHQWHG DV\P
PHWULF FHOO GLYLVLRQ LQ HPEU\RJHQHVLVPD\FDXVHGHYHORSPHQWRIKHDOWK\
IXQFWLRQDOO\ QRQHTXLYDOHQW EUDLQ KHPLVSKHUHV *HQHWLF WUDQVORFDWLRQV RI
WKHFKURPRVRPHWKDWFDQEHLGHQWL¿HGF\WRORJLFDOO\PD\FDXVHGLVHDVHE\
GLVUXSWLQJWKHSURFHVVRIELDVHGVWUDQGVHJUHJDWLRQ7KLVZD\WKHHSLDOOHOHV
ZLOO EH UDQGRPO\ GLVWULEXWHG WR VLVWHU FHOOV VXFK WKDW V\PPHWULFDO EUDLQ
KHPLVSKHUHVVKRXOGGHYHORS LQRI WUDQVORFDWLRQFDUULHUVFDXVLQJSV\
FKRVLV$FFRUGLQJO\  RI FKURPRVRPH  DQG  WUDQVORFDWLRQ FDUULHUV
GHYHORSLQJGLVHDVHZHUHUHFHQWO\H[SODLQHGDVD UHVXOWFRQVLVWHQWZLWK WKH
PRGHO,VFKURPRVRPHRULQYROYHG",VWKHGLVHDVHFDXVHGE\DFRQYHQ
WLRQDOPXWDWLRQDWWKHEUHDNSRLQW"5HPDUNDEO\WZRXQUHODWHGFKURPRVRPH
WUDQVORFDWLRQVVHDUFKHGIURPWKHOLWHUDWXUHFDXVHGGLVHDVHDOVRLQa
SHUVRQV0RUHRYHUWKHLUEUHDNSRLQWVOLHDWWKUHHGLVWLQFWUHJLRQVVSDQQLQJ
aRIFKURPRVRPH7KXVFKURPRVRPHLVLPSOLFDWHGLQSV\FKRVLV
EXWWKHEUHDNSRLQWVWKHPVHOYHVDUHXQOLNHO\WRFDXVHWKHGLVHDVH7KHUHVXOWV
VXJJHVWWKDWWKHJHQHWLFDOO\FDXVHGGLVHDVHGHYHORSVZLWKRXWDPXWDWLRQDQG
DGYDQFHWKHLGHDWKDWWKHPDLQIXQFWLRQRIHSLJHQHWLFFRQWUROLVIRUFHOOXODU
GLIIHUHQWLDWLRQ6WXGLHVLPSOLFDWLQJVLQJOHJHQHZLWKWZRDOOHOHVIRUVSHFLI\
LQJULJKWYHUVXVOHIWKDQGXVHSUHIHUHQFHVFKL]RSKUHQLDDQGELSRODUWUDLWV$
JHQHWLFPHFKDQLVPLPSOLFDWHVFKURPRVRPHLQVFKL]RSKUHQLDDQGELSRODU
GLVHDVHV*HQHWLFVZLOOEHSUHVHQWHG7KH5*+7JHQHLV
SURSRVHGWRFDXVHSDWWHUQHGGLVWULEXWLRQRIFKURPRVRPHFKDLQV
6
(SLOHSV\DVD0RGHOIRU3V\FKLDWULF'LVRUGHUV
6
3V\FKRSDWKRORJ\LQ(SLOHSV\$Q2YHUYLHZ
(QQDSDGDP.ULVKQDPRRUWK\
,QGLD
(SLOHSV\ LV WKH PRVW FRPPRQ VHULRXV QHXURORJLFDO GLVRUGHU DQG DIIHFWV
EHWZHHQDQGSHU WKRXVDQGSHRSOH3V\FKLDWULFGLVRUGHUVDUHFRPPRQ
LQSDWLHQWVZLWKHSLOHSV\EHWZHHQDQGRISHRSOHZLWKHSLOHSV\KDYH
FRPPRQ PHQWDO GLVRUGHUV OLNH GHSUHVVLRQ RU DQ[LHW\ DQG EHWZHHQ  DQG
 D SV\FKRWLF LOOQHVV7KHUH LV HYLGHQFH WRGD\ WR VXJJHVW FRQFOXVLYHO\
WKDWSV\FKLDWULFGLVRUGHUVHVSHFLDOO\ WKHSV\FKRVHVDUHFRPPRQHU LQFRP
PXQLW\EDVHGSRSXODWLRQVZLWKHSLOHSV\+RZHYHULWKDVDOVREHFRPHFOHDU
WKDWSDWLHQWVZLWKHSLOHSV\KDYHDXQLTXHSV\FKRSDWKRORJ\WKDW WUDQVFHQGV
FRQYHQWLRQDO FODVVL¿FDWRU\ V\VWHPV VXFK DV '60 ,9 DQG WKDW WKLV SRVHV
GLDJQRVWLFFRPSOH[LWLHVLQERWKFOLQLFDQGUHVHDUFKHQYLURQPHQWV
,Q WKLV OHFWXUHZHZLOO UHYLHZ WKHHSLGHPLRORJLFDOHYLGHQFH LQ WKHDUHDRI
HSLOHSV\QHXURSV\FKLDWU\DQGXVHHYRFDWLYHGHVFULSWLRQVIURPWKHOLWHUDWXUH
DQGRXURZQFOLQLFDOSUDFWLFHWRGHVFULEHDQGFODVVLI\SV\FKLDWULFGLVRUGHUV
LQ HSLOHSV\ 7KH FOLQLFDO OLQNV EHWZHHQ VHL]XUHV SV\FKRSDWKRORJ\ DQG
DQWLHSLOHSWLF GUXJV ZLOO EH H[SORUHG ZLWK SDUWLFXODU UHIHUHQFH WR FOLQLFDO
FRQXQGUXPVVXFKDVIRUFHGQRUPDOL]DWLRQ
6
(SLOHSV\DVD0RGHOIRU3V\FKLDWULF'LVRUGHUV
0LFKDHO7ULPEOH
,QVWLWXWHRI1HXURORJ\4XHHQ6TXDUH/RQGRQ8.
2EMHFWLYHV,QWKLVSUHVHQWDWLRQWKHKLVWRU\RIWKHUHODWLRQVKLSEHWZHHQHSL
OHSV\DQGSV\FKRVLVZLOOEHUHYLHZHGZLWKDVSHFLDOUHIHUHQFHWRVFKL]RSKUH
QLDOLNHV\PWSRPDWRORJ\,WZLOOFRQVLGHUOLWHUDWXUHIURPWKHHDUO\ZRUNRI
)ORU+HQU\ZKLFKVHWXSDK\SRWKHVLVWKDWWKHOHIWGRPLQDQWKHPLVSKHUHZDV
LQYROYHGLQWKHSDWKRORJ\RIVFKL]RSUHKQLDWRPRUHUHFHQWZRUNZKLFKKDV
H[SORUHGOLPELFV\VWHPIXQFWLRQDQGVWUXFWXUHHVSHFLDOO\ZLWKUHJDUGVWRWKH
KLSSRFDPSXVDQGDP\JGDODLQDVVRFLDWLRQZLWKWKHSV\FKRVHVRIHSLOHSV\
6
(SLOHSV\$'+'DQG(PRWLRQDO,QVWDELOLW\,VWKHUHDOLQN"
/XGJHU7HEDUW]YDQ(OVW
8QLYHUVLW\RI)UHLEXUJ*HUPDQ\
2EMHFWLYHV(PRWLRQDOO\ LQVWDEOH V\QGURPHV DUH D IUHTXHQW¿QGLQJ LQSD
WLHQWVZLWKRUJDQLFSHUVRQDOLW\GLVRUGHUVLQHSLOHSV\,QSDUWLFXODULQSDWLHQWV
ZLWK FRPRUELG QRQHSLOHSWLF VHL]XUHV WKLV SV\FKRSDWKRORJ\ LV IUHTXHQWO\
UHSRUWHGLQWKHOLWHUDWXUH7KHSKHQRPHQRORJ\LVRIWHQUHPLQLVFHQWRI$'+'
RUERUGHUOLQHSHUVRQDOLW\GLVRUGHU$WWKHVDPHWLPH((*DEQRUPDOLWLHVDUH
IUHTXHQWO\UHSRUWHG LQSDWLHQWVZLWKHPRWLRQDO LQVWDEOHV\QGURPHVZLWKRXW
HSLOHSV\7KHTXHVWLRQDULVHVDV WRZKHWKHU WKHUHPLJKWEHD OLQNEHWZHHQ
WKHVHFRQGLWLRQV
0HWKRGV$ V\VWHPDWLF OLWHUDWXUH UHYLHZKDV EHHQ SHUIRUPHG IRFXVLQJ RQ
D SRVVLEOH OLQN EHWZHHQ VXEV\QGURPDO HSLOHSV\ DQG WKH SDWKRJHQHVLV RI
HPRWLRQDOLQVWDEOHV\QGURPHV
5HVXOWV7KHUHDUHVHYHUDOOLQHVRIHYLGHQFHVXSSRUWLQJWKHK\SRWKHVLVWKDW
WKHUHPLJKWEHDOLQNEHWZHHQFRQGLWLRQVOLNHHSLOHSV\%RUGHUOLQH3HUVRQDO
LW\'LVRUGHUDQG$'+'
&RQFOXVLRQV(SLOHSV\RUVXEV\QGURPDOHSLOHSWLFDFWLYLW\PLJKWSOD\DUROH
LQ SULPDU\ SV\FKLDWULF GLVRUGHUV DQG WKXV KDYH WR EH H[FOXGHG ZLWK FDUH
EHIRUHDSULPDU\GLDJQRVLVLV¿QDOO\PDGH
6
/LPELF(SLOHSWLF$FWLYLW\DQG3V\FKLDWULF6\PSWRPV:KDW
&RXOG3V\FKLDWU\/HDUQIURP(SLOHSWRORJ\"
$QGUHDV6FKXO]H%RQKDJH
(SLOHSV\&HQWUH8QLYHUVLW\+RVSLWDO)UHLEXUJ*HUPDQ\
$QVJDU4XLVNH

2EMHFWLYHV7KHDVVRFLDWLRQRI WHPSRUDO OREHHSLOHSV\DQGGLIIHUHQW W\SHV
RISV\FKRVHVLVZHOOHVWDEOLVKHG:LWKUHJDUGWRWKHXQGHUO\LQJSDWKRSK\VL
RORJLFDO SURFHVV DZLGH UDQJH RI K\SRWKHVHV KDV EHHQ GLVFXVVHG UDQJLQJ
IURPRQJRLQJ OLPELF LFWDO VHL]XUHDFWLYLW\ WR WKHFRPSOHWHFHVVDWLRQRIDOO
HSLOHSWLF GLVFKDUJHV 7KLV VWXG\ LQYHVWLJDWHV UHODWLRQV EHWZHHQ HSLOHSWLF
DFWLYLW\DQGWKHGHYHORSPHQWRISRVWLFWDOSV\FKRVHVLQSDWLHQWVXQGHUJRLQJ
LQYDVLYHORQJWHUP((*UHFRUGLQJV
0HWKRGV,QYDVLYH9LGHR((*UHFRUGLQJVIURPSDWLHQWVXQGHUJRLQJSUHVXU
JLFDOHYDOXDWLRQ LQFOXGLQJ LQWUDFUDQLDO UHFRUGLQJV IURP WKH WHPSRUDO OREHV
ZHUH LQYHVWLJDWHGZLWK UHJDUG WRSRVVLEOHFRUUHODWLRQVRI LQWHULFWDORU LFWDO
DFWLYLW\ZLWKWKHGHYHORSPHQWRIRYHUWSV\FKRWLFV\PSWRPV
5HVXOWV ,QYDVLYH UHFRUGLQJV SUHFHGLQJ SRVWLFWDO SV\FKRVLV DQG GXULQJ
ÀRULG SV\FKRVLV GLG QRW VKRZ VLJQL¿FDQW FKDQJHV LQ WKH UDWH RI LQWHULFWDO
GLVFKDUJHV7KHUHZDVQRRQJRLQJRWKHUZLVHVXEFOLQLFDOLFWDODFWLYLW\ZLWKLQ
WKHKLSSRFDPSXVRUDP\JGDORLGQXFOHXV2QWKHEHKDYLRUDOOHYHOKRZHYHU
SDWLHQWV WHQGHG WR KDYH ORQJHU SHULRGV RI SRVWLFWDO FRJQLWLYH LPSDLUPHQW
ZLWKVXFFHGLQJVHL]XUHVRIWKHFOXVWHUSUHFHGLQJSV\FKRWLFV\PSWRPV
&RQFOXVLRQV$ WKRURXJK DQDO\VLV RI((*GDWDGRHVQHLWKHU VXSSRUW LFWDO
OLPELFDFWLYLW\QRUIRUFHGQRUPDOL]DWLRQDVWKHPHFKDQLVPXQGHUO\LQJSRV
WLFWDOSV\FKRVHV6HL]XUHFOXVWHULQJKRZHYHUPD\FRQWULEXWHWRWKHGHYHO
RSPHQWRISV\FKRVLVE\SURJUHVVLYHFRJQLWLYHG\VIXQFWLRQVGXHWRSRVWLFWDO
LQKLELWLRQRIH[WHQGHGFRUWLFDODUHDV
/4(%2¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
(WKLFDO3UREOHPVRI3V\FKLDWULF5HVHDUFKLQ'LIIHUHQW
&RPPXQLWLHV
6
,V(WKLFV&XOWXUH'HSHQGHQW"
)HOL[7KLHOH
(XURSlLVFKH$NDGHPLH*HUPDQ\
,Q WKH HSRFK RI JOREDOLVDWLRQ ZKHUH FXOWXUDO SROLWLFDO DQG HFRQRPLF
ERXQGDULHV HURGH HWKLFVPD\ VHUYH DV FHQWUDO GLVFRXUVH IRUPDNLQJ VHQVH
RIFKDQJHVIDFLQJWKHZRUOG¶VSHRSOHV&RUUHVSRQGLQJO\HPSKDVLVRIHWKLFDO
GHEDWHVKDVEHJXQWRVKLIWWRZDUGLVVXHVOLNHWKHPRUDOSUREOHPVDULVLQJIURP
JOREDOO\DFWLQJUHVHDUFKWHDPVDQGSKDUPDFHXWLFDOFRPSDQLHV$VLGHIURP
WKHLQWHOOHFWXDOLQWHUHVWRIWKHVHLVVXHVPDQ\HWKLFLVWVKROGWRWKHLGHDWKDW
HWKLFVLVDOLEHUDWRU\GLVFRXUVHWREHGHYHORSHGLQWKHVHUYLFHRIWKHZRUVW
RIIDQGWKHPRVWYXOQHUDEOH$WWKHVDPHWLPHHWKLFLVWVRIDOHVVSROLWLFLVHG
RUSHUKDSVVLPSO\PRUHSUDJPDWLFEHQWLQVLVWRQWKHUROHRIELRHWKLFVDVD
SROLF\UHOHYDQWGLVFLSOLQHZKLFKVKRXOGDVVLVWJRYHUQPHQWVDQGODZPDNHUV
WRUHJXODWHQHZWHFKQRORJLHVDQGKHDOWKFDUHSUDFWLFHV
6RPHDXWKRUVKRZHYHUFODLPWKDWHWKLFVLVFXOWXUHGHSHQGHQWVLQFHVROX
WLRQV WRPRUDOSUREOHPVDUH±VR LW LVFODLPHG±YDOLGRQO\ UHODWLYH WR WKH
SDUWLFXODUVLWXDWLRQIRUZKLFKWKH\ZHUHGHYHORSHG,QGHHGLWLVFRUUHFWWKDW
WKHDFWXDOREMHFWRIWKHFRQÀLFWPD\EHKLJKO\GHSHQGHQWRQHJWKHFXOWXUH
LQZKLFKWKHFRQÀLFWDULVHV%XWDOWKRXJKLW LVRIWHQ WKHFDVH WKDWPDWHULDO
PRUDOFRQYLFWLRQVGRGLIIHUEHWZHHQWZRFXOWXUHVLWZLOOEHDUJXHGWKDWWKLV
GRHV QRW LQ LWVHOI H[FOXGH WKH SRVVLELOLW\ RI WKHUH EHLQJ D FRQÀLFWVROYLQJ
FULWHULRQDFFHSWDEOHLQERWKFXOWXUHV
6
&RPSDULVRQRI'UXJ7ULDO5HVXOWVIURP'LIIHUHQW+HDOWK&DUH
&RQWH[WV
:ROIJDQJ)OHLVFKKDFNHU
'HSWRI%LRORJLFDO3V\FKLDWU\0HGLFDO8QLYHUVLW\,QQVEUXFN
$XVWULD
7KHFRQGXFWRIFOLQLFDOWUHDWPHQWWULDOVLQSV\FKLDWU\KDVFKDQJHGGUDPDWL
FDOO\VLQFHWKHDGYHQWRIWKH¿UVWHIIHFWLYHSV\FKRSKDUPDFRORJLFDODJHQWVLQ
WKHV:KLOHPXFKRIWKHHDUO\SURJUHVVZDVGXHWRVHUHQGLSLWXRXV¿QG
LQJVSLRQHHUHGE\DOHUWFOLQLFLDQVZKREDVHGWKHLUUHVHDUFKRQVPDOORSHQ
FOLQLFDOWULDOVWKHUHZDVDFRQVLGHUDEOHVKLIWWRZDUGVPRUHPHWKRGRORJLFDO
ULJRUVWDUWLQJLQWKHODWHVDQGHDUO\VRIWKHODVWFHQWXU\'RXEOH
EOLQGUDQGRPL]HGFRQWUROOHGFOLQLFDOWULDOVZLWKRUZLWKRXWSODFHERFRQWUROV
EHFDPH WKH JROG VWDQGDUG RI FOLQLFDO SV\FKRSKDUPDFRORJ\ ,QFUHDVLQJO\
VXFKVWXGLHVZHUHDOVRSHUIRUPHGDVPXOWLFHQWHULQWHUQDWLRQDOHIIRUWV7KLV
KDVOHGWRWKHIDFWWKDWFOLQLFDOWULDOVDUHQRZSHUIRUPHGLQDOOFRXQWULHVDQG
FRQWLQHQWVZKLFKQDWXUDOO\KDYHGLIIHUHQWWUDGLWLRQVIRUGLDJQRVLVWUHDWPHQW
DQGSURYLVLRQRIFDUH IRUSDWLHQWVZLWKSV\FKLDWULFGLVRUGHUV ,QWHUQDWLRQDO
FODVVL¿FDWLRQ V\VWHPV VXFK DV WKH ,&' DQG'60KDYH ODUJHO\ REOLWHUDWHG
WKHSUREOHPRIGLDJQRVWLFKHWHURJHQHLW\LQFOLQLFDOWULDOV$QLQFUHDVLQJVHW
RI JXLGHOLQHV FRQVHQVXV UHSRUWV DQG WUHDWPHQW UHFRPPHQGDWLRQV KDV DOVR
EURXJKWWKH¿HOGFORVHUWRJHWKHUZLWKUHJDUGWRSURYLGLQJVWDQGDUGVRIFDUH
7KHSURYLVLRQRIPHQWDOKHDOWKFDUHDVZHOODVLWVIXQGLQJUHPDLQVWREHYDVWO\
GLIIHUHQWDFURVVWKHZRUOG,QDGGLWLRQLQVWLWXWLRQDODQGOHJDOXQGHUSLQQLQJV
LQ WKHFRQWH[WRIZKLFKFOLQLFDO WULDOVDUHFXUUHQWO\SHUIRUPHG LV IDU IURP
EHLQJKRPRJHQHRXV)RU LQVWDQFH VSHFLDOL]HGSKDVH ,,,FOLQLFVZKLFKDUH
LQGHSHQGHQWIRUSUR¿WKRVSLWDOVH[LVWLQWKH86ZKLOHPDQ\FOLQLFDOWULDOVLQ
(XURSHDUHVWLOOPDLQO\UXQLQDFDGHPLFLQVWLWXWLRQVRUJRYHUQPHQWIXQGHG
KRVSLWDOV7KHDYDLODELOLW\RISV\FKLDWULFEHGVZLOODOVRGHWHUPLQHZKHWKHU
RUQRWVWXGLHVDFURVVWKHZRUOGDUHSHUIRUPHGLQLQRURXWSDWLHQWV,QFHUWDLQ
SDUWVRIWKHZRUOGSDWLHQWVDUHUHFUXLWHGYLDDGYHUWLVLQJLQWKHPDVVPHGLD
ZKLFKLVSURKLELWHGRUDWOHDVWXQXVXDOLQRWKHUUHJLRQV&RXQWULHVDOVRGLIIHU
ZLWKUHJDUGWRWKHIHDVLELOLW\RISHUIRUPLQJSODFHERFRQWUROOHGWULDOV
:KHWKHU RU QRW VXFK GLIIHUHQFHV LPSDFW RQ WKH JHQHUDOL]DELOLW\ RI UHVXOWV
REWDLQHG IURP FOLQLFDO WULDOV XQGHUWDNHQ LQ GLIIHUHQW SDUWV RI WKHZRUOG LV
VWLOO DPDWWHURIGLVSXWH*LYHQ WKH LQFUHDVLQJJOREDOLVDWLRQ LQ WKH¿HOGRI
FOLQLFDOSV\FKRSKDUPDFRORJ\LWLVFOHDUO\RQHRIWKHLPSRUWDQWEDFNJURXQG
YDULDEOHVWKDWQHHGVWREHFRQVLGHUHGZKHQSODQQLQJDQGLQWHUSUHWLQJFOLQLFDO
WUHDWPHQWWULDOV
6
'LIIHUHQFHVLQWKH,QIRUPHG&RQVHQW3URFHVVLQWKH86$DQG
(XURSH
/HVOLH&LWURPH3DYHO0RKU
1DWKDQ6.OLQH,QVWLWXWHIRU3V\FKLDWULF5HVHDUFKDQG1HZ<RUN
8QLYHUVLW\6FKRRORI0HGLFLQH86$
3UDJXH3V\FKLDWULF&HQWHUUG6FKRRORI0HGLFLQH&KDUOHV
8QLYHUVLW\3UDJXH&]HFK5HSXEOLF
2EMHFWLYHV 7R GHVFULEH FRPPRQDOLWLHV DQG GLIIHUHQFHV LQ WKH LQIRUPHG
FRQVHQWSURFHVVEHWZHHQWKH86$DQG(XURSH
6XPPDU\ 'RXEOHEOLQG UDQGRPL]HG FOLQLFDO WULDOV 5&7V DUH WKH JROG
VWDQGDUG ZKHQ WHVWLQJ PHGLFDWLRQ HI¿FDF\ 7KH UHFUXLWPHQW RI VXEMHFWV
LQYROYHV WKH REWDLQLQJ RI LQIRUPHG FRQVHQW QRZ UHJDUGHG DV DQ RQJRLQJ
SURFHVV UDWKHU WKDQ D VLQJXODU HYHQW WKDW RFFXUV SULRU WR VWXG\ HQWU\7KH
SDUWLFLSDWLRQRISDWLHQWVZLWK VHULRXVDQGSHUVLVWHQWPHQWDOGLVRUGHUV VXFK
DV VFKL]RSKUHQLD DFXWHO\ UDLVHV WKH HWKLFDO FRQVLGHUDWLRQV RI DXWRQRP\
EHQH¿FHQFHQRQPDOH¿FHQFHDQGMXVWLFH$XWRQRP\LVVXHVLQFOXGHWKHFD
SDFLW\RIWKHVXEMHFWWRSURYLGHWKLVFRQVHQWDQGWKHSRVVLELOLW\RIVXUURJDWH
FRQVHQWIRUWKRVHZKRODFNFDSDFLW\7KHREWDLQLQJRIFRQVHQWE\WKHWUHDW
LQJSK\VLFLDQ UDLVHV WKH LVVXHRIFRHUFLRQ7KLVPD\EHDFFHQWXDWHGZKHQ
UHFUXLWLQJDPRQJIRUHQVLFSDWLHQWVRUSDWLHQWVZKRKDYHEHHQLQYROXQWDULO\
KRVSLWDOL]HG%HQH¿FHQFHLVVXHVLQFOXGHVWXG\GHVLJQDQGDFWLQJLQDPDQQHU
WR EHQH¿W WKH SDWLHQW 3D\PHQW IRU SDUWLFLSDWLRQ UDLVHV WKH LVVXH RI XQGXH
LQGXFHPHQW SDUWLFXODUO\ IRU KRVSLWDOL]HG SDWLHQWV ZKR KDYH QR PRQHWDU\
UHVRXUFHVWRGUDZIURP(YHQIRUWKRVHZLWK¿QDQFLDOUHVRXUFHVDQH[FHV
VLYHO\ DWWUDFWLYH SD\PHQW PD\ OHDG WR SRWHQWLDO VXEMHFWV H[HUFLVLQJ SRRU
MXGJPHQWDQGDJUHHWRSDUWLFLSDWHLQDSURMHFWWKDWLQYROYHVDULVNRIVHULRXV
KDUP7KLVPD\OHDGWRDODFNRIMXVWLFHZKHUHWKHGLVWULEXWLRQRIEHQH¿WV
DQG EXUGHQV LQ VRFLHW\ DW ODUJH DUH XQHTXDOO\ GLVWULEXWHG 7KH LQIRUPHG
FRQVHQWSURFHVVLQSODFHDWWKH1DWKDQ6.OLQH,QVWLWXWHIRU3V\FKLDWULF5H
VHDUFKLQ2UDQJHEXUJ1HZ<RUN86$ZLOOEHFRPSDUHGZLWKWKHSUDFWLFHV
DW3UDJXH3V\FKLDWULF&HQWHULQWKH&]HFK5HSXEOLF.H\GLIIHUHQFHEHWZHHQ
(XURSHDQDQG86SUDFWLFHFRQFHUQVWKHSD\PHQWSURYLGHGWRVXEMHFWV7KH
XVH RI SODFHERFRQWUROOHG VWXG\ GHVLJQVZLOO DOVR EH GLVFXVVHGZLWKLQ WKH
FRQWH[WRIDXWRQRP\DQGFRQWLQXHGFDSDFLW\WRSURYLGHLQIRUPHGFRQVHQW
EHQH¿FHQFHQRQPDOH¿FHQFH DQG MXVWLFH :LWK PXOWLFHQWHU LQWHUQDWLRQDO
VWXGLHVEHFRPLQJ WKHQRUPIRU WKH LQWURGXFWLRQRIQHZSV\FKRWURSLFV WKH
FRXQWU\E\FRXQWU\YDULDWLRQVLQUHJXODWRU\UHTXLUHPHQWVPD\LPSDFWRQWKH
LQWHUSUHWDELOLW\DQGJHQHUDOL]DELOLW\RIWKHVHHIIRUWV
6
&RPPHQWIURPD(XURSHDQ3RLQWRI9LHZ
-RFKHQ9ROOPDQQ
,QVWLWXWHIRU+LVWRU\RI0HGLFLQHDQG0HGLFDO(WKLFV*HUPDQ\
2EMHFWLYHV7RDQDO\VHDQGGLVFXVVWKHGLIIHUHQWUROHDQGLQWHUSUHWDWLRQRI
WKH HWKLFDO SULQFLSOH ³DXWRQRP\´ LQ WKH 8QLWHG 6WDWHV RI$PHULFD DQG LQ
(XURSHDQFRXQWULHVIURPDQ(XURSHDQSRLQWRIYLHZ
0HWKRGV$QDO\VLVRIPHGLFDOHWKLFDODUWLFOHVDQGSURIHVVLRQDOJXLGHOLQHVRQ
SDWLHQWV¶DXWRQRP\DQGLQIRUPHGFRQVHQW
5HVXOWV 2YHU WKH ODVW GHFDGHV WKH GRFWULQH RI LQIRUPHG FRQVHQW DQG WKH
SULQFLSOHRIDXWRQRP\DUHRI LQFUHDVLQJ LQÀXHQFH LQSV\FKLDWU\+RZHYHU
WKHSKLORVRSKLFDOLGHDRIDXWRQRP\DQGDQDXWRQRPRXVSHUVRQKDVGLIIHUHQW
PHDQLQJ LQ FRQWLQHQWDO YHUVXV$QJOR6D[RQ SKLORVRSK\ )XUWKHUPRUH WKH
VWURQJSRVLWLRQRIDXWRQRP\LQ$PHULFDQPDLQVWUHDPELRHWKLFVOHDGVWRDQ
XQGHUGHYHORSPHQW RI EHQH¿FHQFH QRQPDOH¿FHQFH DQG MXVWLFH ZKLFK DUH
FHQWUDO WR(XURSHDQKHDOWKFDUHHWKLFV7KLVKDVSUDFWLFDO LPSOLFDWLRQVHJ
IRU WKHSURFHVVRI LQIRUPHGFRQVHQWSDUWLFLSDWLRQLQPHGLFDOUHVHDUFKDQG
HFRQRPLFDVSHFWVRIKHDOWKFDUH
&RQFOXVLRQV7KHVWURQJSRVLWLRQRIDXWRQRP\LQ$PHULFDQELRHWKLFVFDQEH
LQWHUSUHWHGDVDSURGXFWRIFXOWXUDOVRFLDODQGHFRQRPLFFRQGLWLRQVLQWKH
86ZKLFKDUHGLIIHUHQW IURPPDQ\(XURSHDQFRXQWULHV+RZHYHUZLWKLQ
WKHFXUUHQWSURFHVVRIJOREDOLVDWLRQGLIIHUHQWFXOWXUDOO\ERXQGYDOXHVQRUPV
DQGSUDFWLFHVPD\ORRVHRILPSRUWDQFH
5HIHUHQFHV
%HDXFKDPS7/&KLOGUHVV-)3ULQFLSOHVRIELRPHGLFDOHWKLFVWKHG
2[IRUG8QLY3UHVV1HZ<RUN
&KLOGUHVV -) 7KHSODFHRI DXWRQRP\ LQELRHWKLFV+DVWLQJV&HQWHU
5HSRUW
/4(%2¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
+ROP 6 $PHULFDQ ELRHWKLFV DW WKH FURVVURDG$ FULWLFDO DSSUDLVDO
(XURSHDQ3KLORVRSK\RI0HGLFLQHDQG+HDOWKFDUH
+ROP61RWMXVWDXWRQRP\±WKHSULQFLSOHVRI$PHULFDQELRPHGLFDO
HWKLFV-RXUQDORI0HGLFDO(WKLFV
.DW]- 'XW\RIFDULQJ LQ WKHDJHRI LQIRUPHGFRQVHQWDQGPHGLFDO
VFLHQFH8QORFNLQJSHDERG\¶VVHFUHW+XPDQ0HGLFLQH
9ROOPDQQ - :K\ GRHV ELRHWKLFV GHYHORS GLIIHUHQWO\ LQ *HUPDQ\"
$QDO\VLV DQG FRPPHQWDU\ (XURSHDQ 3KLORVRSK\ RI0HGLFLQH DQG+HDOWK
&DUH
6
(WKLFDO3UREOHPVRI3V\FKLDWULF5HVHDUFKLQ'LIIHUHQW
&RPPXQLWLHV
+DQIULHG+HOPFKHQ
&KDULWp8QLYHUVLW\0HGLFLQH%HUOLQ&%)'HSW3V\FKLDWU\
*HUPDQ\
7KHV\PSRVLXPGHDOVZLWKHWKLFDODVSHFWVRI WHQVLRQVEHWZHHQRQWKHRQH
VLGH WKH LQFUHDVLQJ LQWHUQDWLRQDO FROODERUDWLRQ ³JOREDOLVDWLRQ´ DQG WKHUH
IRUHWKHLQFUHDVLQJVLJQL¿FDQFHRIJXLGHOLQHVERWKIRUUHVHDUFKDQGSUDFWLFH
WREHXVHGLQWHUQDWLRQDOO\DQGRQWKHRWKHUVLGHWKHFXOWXUDOO\ERXQGGLIIHU
HQWYDOXHVQRUPVH[SHULHQFHVLQGLIIHUHQWUHJLRQVRIWKHZRUOG³UHJLRQDO
LGHQWLW\´
5HIHUHQFHV
+HOPFKHQ+(WKLFVDVD)RFXVRI&RQWURYHUV\ LQ3RVWPRGHUQ$Q
WDJRQLVPV
,Q 6FKUDPPH 7 7KRPH - HGV 3KLORVRSK\ DQG 3V\FKLDWU\ GH *UX\WHU
%HUOLQ1HZ<RUNSS
6
*HQHV3HUVRQDOLW\DQG3V\FKRSDWKRORJ\
6
7KH3V\FKRELRORJ\RI3HUVRQDOLW\DQG3HUVRQDOLW\'LVRUGHUV
&5REHUW&ORQLQJHU
:DVKLQJWRQ8QLYHUVLW\6W/RXLV0286$
2EMHFWLYHV 7KH SV\FKRELRORJ\ RI SHUVRQDOLW\ DQG LWV GLVRUGHUV ZLOO EH
UHYLHZHG LQ RUGHU WR LOOXVWUDWH WKH VXEVWDQWLDO HYLGHQFH IRU JHQHJHQH DQG
JHQHHQYLURQPHQWLQWHUDFWLRQLQWKHGHYHORSPHQWRISHUVRQDOLW\SHUVRQDOLW\
GLVRUGHUVDQGRWKHUSV\FKRSDWKRORJ\
0HWKRGV 6WXGLHV RI WKH KHULWDELOLW\ RI QRUPDO SHUVRQDOLW\ WUDLWV DQG RI
SHUVRQDOLW\GLVRUGHUV LQJHQHUDOSRSXODWLRQVDPSOHVRI WZLQVDQGDGRSWHHV
ZLOO EH UHYLHZHG SDUWLFXODUO\ WKRVH XVLQJ &ORQLQJHU¶V 7HPSHUDPHQW DQG
&KDUDFWHU ,QYHQWRU\ 7&, 3RSXODWLRQEDVHG VWXGLHV RI JHQHJHQH DQG
JHQHHQYLURQPHQW LQWHUDFWLRQ ZLOO EH GHVFULEHG IRU 7&, 1RYHOW\ 6HHNLQJ
DQG'5'SRO\PRUSKLVPV)XQFWLRQDOEUDLQLPDJLQJVWXGLHVI05,3(7
PHDVXULQJ SHUVRQDOLW\ WUDLWV DQG VSHFL¿F JHQHV ZLOO DOVR EH GHVFULEHG WR
HYDOXDWHJHQHJHQHDQGJHQHHQYLURQPHQWLQWHUDFWLRQV
5HVXOWV7KHDFWLYDWLRQRIVSHFL¿FEUDLQQHWZRUNVLVVWURQJO\FRUUHODWHGZLWK
LQGLYLGXDOGLIIHUHQFHVLQ7&,SHUVRQDOLW\WUDLWVZKLFKVKRZQRQOLQHDUUHOD
WLRQV*HQHJHQHDQGJHQHHQYLURQPHQWLQWHUDFWLRQVDUHDOVRGHPRQVWUDWHG
IRU7&,1RYHOW\6HHNLQJDQG'5'SRO\PRUSKLVPVLQ)LQODQGDQGVLPLODU
¿QGLQJVDUHDYDLODEOHZLWKRWKHUWUDLWVDQGJHQHV
&RQFOXVLRQV 0XOWLSOH JHQHWLF DQG HQYLURQPHQWDO IDFWRUV LQWHUDFW LQ WKH
GHYHORSPHQWRISHUVRQDOLW\DQGLWVGLVRUGHUV1RQOLQHDUG\QDPLFV\VWHPV
JLYHULVHWRVWDELOL]LQJVHOHFWLRQ7KDWLVEHKDYLRULVSUHIHUHQWLDOO\EXIIHUHG
WRZDUGLQWHUPHGLDWHDGDSWLYHRSWLPDVRWKDWH[WUHPHKLJKDQGORZVFRUHUV
RQDQ\TXDQWLWDWLYHSHUVRQDOLW\WUDLWDUHPRUHOLNHO\WREHPDODGDSWLYHWKDQ
LQWHUPHGLDWHVFRUHUV7KHLPSOLFDWLRQVIRUDVVHVVPHQWDQGWUHDWPHQWRISHU
VRQDOLW\DQGSV\FKRSDWKRORJ\ZLOOEHGLVFXVVHG
5HIHUHQFHV
&ORQLQJHU&5)HHOLQJ*RRG7KH6FLHQFHRI:HOO%HLQJ1HZ<RUN
2[IRUG8QLYHUVLW\3UHVV
*XVQDUG '$ -0 2OOLQJHU HW DO  3HUVLVWHQFH DQG EUDLQ FLUFXLWU\
31$686$
.HOWLNDQJDV-DHUYLQHQ/0(ORYDLQLRHWDO$VVRFLDWLRQEHWZHHQ WKH W\SH
GRSDPLQHUHFHSWRUJHQHSRO\PRUSKLVPDQG1RYHOW\6HHNLQJ3V\FKRVR
PDWLF0HGLFLQH
6
7343URILOHVLQ)DPLOLHVRI2&'DQG*763UREDQGV
$GD+=RKDU
5XSSLQ$FDGHPLF&HQWHU,VUDHO
5LFKDUG3(EVWHLQ'DYLG/3DXOV
2EMHFWLYHV7RH[DPLQH WKH734SUR¿OHRISUREDQGVZLWK2&'*76RU
ERWKDQGRI WKHLU¿UVWGHJUHH UHODWLYHVDVZHOODVFRPRUELG$[LV ,GLDJ
QRVHVQHXURFRJQLWLYHIXQFWLRQDQGWKHLUDVVRFLDWLRQZLWKDOOHOHVRIVHYHUDO
WDUJHWJHQHV
0HWKRGV\RXQJSUREDQGV \HDUVRIDJHZLWKDKLVWRU\RIREVHV
VLYHFRPSXOVLYHGLVRUGHU 2&'1 *LOOHVGH OD7RXUHWWH¶V6\QGURPH
*761 ERWK2&'DQG*761 RUQRUPDOFRQWUROVIUHHRI$[LV
,SDWKRORJ\1 DQGDOOFRQVHQWLQJVLEOLQJVDQGSDUHQWV 1 ZHUH
LQWHUYLHZHGE\WUDLQHGFOLQLFDOLQWHUYLHZHUVXVLQJWKH6&,',9IRUDOO$[LV
,DQGVHOHFWHG$[LV,,GLDJQRVHV,QDGGLWLRQDFRPSUHKHQVLYHDVVHVVPHQW
RIQHXURFRJQLWLYHIXQFWLRQZDVFRQGXFWHGDQGDEDWWHU\RIVHOIUHSRUWTXHV
WLRQQDLUHV LQFOXGLQJ WKH 734 ZDV DGPLQLVWHUHG$OO SDUWLFLSDQWV GRQDWHG
'1$VDPSOHVYLDEXFFDOVPHDUVDQGZHUHJHQRW\SHGIRU'5'+7//35
&207DQG0$2$
5HVXOWV 2QHZD\ DQDO\VLV RI YDULDQFH VKRZHG VLJQL¿FDQW GLIIHUHQFHV LQ
WKH734SUR¿OHVRIWKHSUREDQGVLQWKHJURXSV3UREDQGVZLWK*76ZHUH
KLJKHULQ16DQGWKRVHZLWK2&'ZHUHKLJKHULQ+$DQG3DQGORZHULQ
5'$VLPLODUSDWWHUQZDVIRXQGIRU¿UVWGHJUHHUHODWLYHVRIWKHSUREDQGV
DOWKRXJKWKHHIIHFWVL]HZDVVPDOOHU:KHQH[DPLQHGVHSDUDWHO\QRQHRIWKH
WDUJHW JHQHV VKRZHG DVVRFLDWLRQZLWK GLDJQRVHV +RZHYHU ZKHQ HSLVWDWLV
ZDVFRQVLGHUHGFHUWDLQDOOHOHFRPELQDWLRQVRIWKHJHQHVZHUHOLNHOLHUWKDQ
RWKHUVWREHDVVRFLDWHGZLWKWKHGLDJQRVHV
&RQFOXVLRQV3HUVRQDOLW\SUR¿OHDVPHDVXUHGE\WKH734PD\EHDQHQGR
SKHQRW\SH SUHGLVSRVLQJ WR2&'*76 RU ERWK:KLOH VLQJOH JHQH HIIHFWV
ZHUHLQGLVFHUQLEOHLQWKLVUHODWLYHO\VPDOOVDPSOHDQGKDYHLQSDVWUHVHDUFK
\LHOGHGYHU\VPDOOHIIHFWVL]HVDQHSLVWDWLFDSSURDFKFRQVLGHULQJWKHFRPEL
QDWLRQVRIDOOHOHVDSSHDUVWREHDPRUHSURPLVLQJDSSURDFK
6
7KH7343URILOHRI$QRUH[LF:RPHQDQGLWV5HODWLRQVKLSWR
5HFRYHU\
5DFKHO%DFKQHU0HOPDQ
+HEUHZ8QLYHUVLW\RI-HUXVDOHP,VUDHO
$GD+=RKDU5LFKDUG3(EVWHLQ
2EMHFWLYHV7RH[DPLQH WKH734SUR¿OHDQGJHQHWLFFRUUHODWHV LQZRPHQ
ZLWKDQRUH[LDQHUYRVD$1DQGWRLGHQWLI\SHUVRQDOLW\FKDQJHVDFFRPSDQ\
LQJUHFRYHU\
0HWKRGV  ZRPHQ ZLWK D KLVWRU\ RI $1K DQG  IHPDOH FRQWUROV
PHDQDJHFRPSOHWHGWKH734DQGZHUHJHQRW\SHGIRUVHYHUDO
FDQGLGDWHJHQHVLQFOXGLQJWKH$935$YDVRSUHVVLQUHFHSWRUPLFURVDWHOOLWH
IRXQGWREHDVVRFLDWHGZLWKGLVRUGHUHGHDWLQJLQDQRQFOLQLFDOSRSXODWLRQ
7KH$1KZRPHQZHUHLQWHUYLHZHGXVLQJWKH6&,',9DQGVWUDWL¿HGDFFRUG
LQJWRUHFRYHU\VWDWXVWKHQXPEHURI'60,9FULWHULDIRU$1WKH\IXO¿OOHG
DW WKH WLPHRISDUWLFLSDWLRQ LQ WKH VWXG\ZRPHQFXUUHQWO\ IXO¿OOHGDOO
IRXU'60,9FULWHULDIXO¿OOHGWKUHHIXO¿OOHGWZRIXO¿OOHGRQHDQG
QRORQJHUIXO¿OOHGDQ\
5HVXOWV 7KH$1KZRPHQZKR FXUUHQWO\ IXO¿OOHG WKUHH RU IRXU '60,9
FULWHULD VFRUHGKLJKHU WKDQ IHPDOH FRQWUROV RQ+DUP$YRLGDQFH +$ DQG
3HUVLVWHQFH 3 DQG ORZHU RQ5HZDUG'HSHQGHQFH 5'734 VFRUHV GLI
IHUHGEHWZHHQ$1KZRPHQZLWKDKLVWRU\RIELQJHLQJSXUJLQJ$1$1ES
DQG$1KZRPHQZLWKDKLVWRU\RIUHVWULFWLYH$1$1UIRU1RYHOW\6HHNLQJ
16RQO\7KHPHDQRIWKHZRPHQFXUUHQWO\LOOZLWK$1UEXWQRW$1ES
ZDVVLJQL¿FDQWO\ORZHUWKDQWKDWRIFRQWUROVRQ16:KHUHDV3DQG5'GLG
QRWFKDQJHVLJQL¿FDQWO\DVDIXQFWLRQRIFXUUHQW'60,9V\PSWRPDWRORJ\
+$GHFUHDVHGDQG16LQFUHDVHGVLJQL¿FDQWO\DVWKHQXPEHURIFXUUHQW'60
,9 FULWHULD GURSSHG7KH$1KZRPHQZKR KDG FRPSOHWHO\ UHFRYHUHG GLG
QRW GLIIHU VLJQL¿FDQWO\ IURPZRPHQ FRQWUROV RQ DQ\ YDULDEOH H[FHSW WKDW
ZRPHQZKRKDGFRPSOHWHO\UHFRYHUHGIURP$1ESQRZVFRUHGKLJKHUWKDQ
FRQWUROVRQ16$QDVVRFLDWLRQZDVREVHUYHGEHWZHHQWKH$935$UHFHS
WRU56PLFURVDWHOOLWHDQG5'LQWKHDQRUH[LFSDWLHQWVFKLVTXDUH 
/4(%2¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
S GI
&RQFOXVLRQV$1SDWLHQWVWHQGWREHKLJKHUWKDQFRQWUROVRQ+$DQG3DQG
ORZHURQ16DQG5'ZKLFKPD\EHDVVRFLDWHGZLWKWKH$935$UHFHSWRU
7KHKXPDQWHPSHUDPHQWRI5'PD\EHWKHFRXQWHUSDUWRIVRFLDOEHKDYLRU
DQG SDLU ERQGLQJ LQ DQLPDOV SUHYLRXVO\ IRXQG WR EH DVVRFLDWHGZLWK WKLV
JHQH16DSSHDUVWRLQFUHDVHDQG+$WRGHFUHDVHZLWKUHFRYHU\IURP$1VR
WKDW$1SDWLHQWVµSHUVRQDOLW\SUR¿OHVZRXOGDSSHDUWREHDWOHDVWSDUWLDOO\D
FRQVHTXHQFHRIWKHFKURQLFDOO\LOOVWDWH7KHVHUHVXOWVUDLVHTXHVWLRQVDERXW
JHQHWLFYXOQHUDELOLWLHVWRHDWLQJGLVRUGHUVDQGKDYHLPSOLFDWLRQVIRUWKHUDS\
DQGSUHYHQWLRQ
5HIHUHQFHV
  %DFKQHU0HOPDQ 5 =RKDU $+ (OL]XU < 1HPDQRY / *ULWVHQNR ,
.RQLV'(EVWHLQ53,QSUHVV$VVRFLDWLRQEHWZHHQDYDVRSUHVVLQUHFHSWRU
$935,$SURPRWHUUHJLRQPLFURVDWHOOLWHDQGHDWLQJEHKDYLRUPHDVXUHGE\D
VHOIUHSRUWTXHVWLRQQDLUH(DWLQJ$WWLWXGHV7HVWLQDIDPLO\EDVHGVWXG\RID
QRQFOLQLFDOSRSXODWLRQ,QWHUQDWLRQDO-RXUQDORI(DWLQJ'LVRUGHUV
6
&RJQLWLYH'HILFLWVDQG3HUVRQDOLW\7UDLWVLQ6FKL]RSKUHQLD
$VVHQ-DEOHQVN\
8QLYHUVLW\RI:HVWHUQ$XVWUDOLD3HUWK$XVWUDOLD
-RKDQQD%DGFRFN0LODQ'UDJRYLF&5REHUW&ORQLQJHU
2EMHFWLYHV7RLGHQWLI\SDWWHUQVRIQHXURFRJQLWLYHG\VIXQFWLRQDQGWHPSHUD
PHQWSHUVRQDOLW\WUDLWVLQSDWLHQWVZLWKVFKL]RSKUHQLDDQGWKHLUXQDIIHFWHG
¿UVWGHJUHHUHODWLYHVDQGH[SORUHWKHLUJHQHWLFEDVLV
0HWKRGV0XOWLYDULDWHSUR¿OHVEDVHGRQQHXURFRJQLWLYH WDVNVDQG WKH
7HPSHUDPHQWDQG&KDUDFWHU,QYHQWRU\7&,ZHUHREWDLQHGIURPPHP
EHUVRIIDPLOLHVZLWKRQHRUPRUHPHPEHUVDIIHFWHGE\VFKL]RSKUHQLDRU
VFKL]RSKUHQLDVSHFWUXPGLVRUGHUV*UDGHRIPHPEHUVKLSDQDO\VLVZDVXVHG
WRGHOLQHDWHODWHQWJURXSVRILQGLYLGXDOVVKDULQJFRPPRQSUR¿OHV*HQRPH
VFDQGDWDRQWKHVDPSOHZHUHDQDO\VHGIRUOLQNDJHXVLQJWKHQHXURFRJQLWLYH
DQG7&,SUR¿OHVDVHQGRSKHQRW\SHV
5HVXOWV 7ZR FKDUDFWHULVWLF SDWWHUQV HPHUJHG IURP PXOWLYDULDWH DQDO\VLV
RQHFKDUDFWHULVHGE\VHYHUHFRJQLWLYHGH¿FLWDQGORZVFRUHVRQSHUVRQDOLW\
WUDLWGHYLDWLRQDQGRQHIHDWXULQJVLJQL¿FDQWSHUVRQDOLW\GHYLDWLRQVDJDLQVWD
EDFNJURXQGRIPLQLPDOFRJQLWLYHLPSDLUPHQW
&RQFOXVLRQV&OLQLFDOV\PSWRPVQHXURFRJQLWLYHG\VIXQFWLRQDQGSHUVRQDO
LW\WUDLWVDVVRFLDWHGZLWKVFKL]RSKUHQLDKDYHUDUHO\EHHQLQYHVWLJDWHGMRLQWO\
LQIDPLOLHVZLWKLQFUHDVHGJHQHWLFORDGIRUWKHGLVRUGHU2XU¿QGLQJVIURP
WKHJHQRPHVFDQVXJJHVWGLVWLQFWJHQHWLFEDVHVIRUWKHWZRV\QGURPHV
6
3HUVRQDOLW\DQGJHQHHQYLURQPHQWLQWHUSOD\LQGHSUHVVLRQ
$QQH)DUPHU
,QVWLWXWHRI3V\FKLDWU\/RQGRQ8.
6LEOLQJV RI GHSUHVVHG SUREDQGV FDQ SURYLGH LPSRUWDQW LQIRUPDWLRQ DERXW
SRVVLEOHJHQHWLFDOO\GHWHUPLQHGWUDLWYXOQHUDELOLW\PDUNHUVIRUWKHGLVRUGHU
VLQFHWKH\VKDUHRQDYHUDJHJHQHVLQFRPPRQZLWKWKHLUGHSUHVVHGUHOD
WLYH7KLVPHDQVWKDWHYHQKHDOWK\DQGQHYHUGHSUHVVHGVLEOLQJVRIGHSUHVVHG
SUREDQGVZLOOKDYHVLJQL¿FDQWO\PRUHRIWKHJHQHVRUDOOHOHVDVVRFLDWHGZLWK
GHSUHVVLRQWKDQQHYHUGHSUHVVHGVXEMHFWVZKRVH¿UVWGHJUHHUHODWLYHVDUHDOO
KHDOWK\&RQVHTXHQWO\VXFKVLEOLQJVDUHPRUHOLNHO\WRH[SUHVVWUDLWPDNHUV
IRUWKHGLVRUGHUWKDQVXEMHFWVZKRVHUHODWLYHVDUHKHDOWK\DQGZKRGRQ¶WKDYH
DQH[FHVVRIGHSUHVVLRQJHQHV
7KH&DUGLIIGHSUHVVLRQVWXG\KDVXVHGDFDVHFRQWUROVLESDLUGHVLJQWRH[
DPLQHWKHUHODWLRQVKLSEHWZHHQFOLQLFDOGHSUHVVLRQDGYHUVHOLIHHYHQWVDQG
PHDVXUHVRISHUVRQDOLW\LQRUGHUWRHYDOXDWHZKHWKHUDQ\DVSHFWVRISHUVRQ
DOLW\FRXOGEHFRQVLGHUHGDVWUDLWYXOQHUDELOLW\PDUNHUVIRUGHSUHVVLRQ
7KHVWXG\KDVVKRZQWKDWWKHKDUPDYRLGDQFHUHZDUGGHSHQGHQFHQRYHOW\
VHHNLQJDQGVHOIGLUHFWHGQHVVVFDOHVRIWKH7HPSHUDPHQWDQG&KDUDFWHU,Q
YHQWRU\KDYHWUDLW±OLNHFKDUDFWHULVWLFVWKDWDUHUHODWHGWRWKHIDPLOLDOLW\RI
GHSUHVVLRQ
6
0RGHOLQJ,PSXOVLYLW\)URP&OLQLFDO&RQVWUXFWVWR
/DERUDWRU\0RGHOV
6
1R$EVWUDFW5HFHLYHG
)UDQFN%D\OH
)UDQFH
6
'HWHUPLQDQWVRI,PSXOVLYLW\(YLGHQFHIURP$QLPDO0RGHOV
-RKQ(YHQGHQ
&16'LVFRYHU\$VWUD=HQHFD	8QLYHUVLW\RI'HODZDUH86$
7UDFH\.R
2EMHFWLYHV7RVXPPDULVHHYLGHQFHIURPDQLPDOVWXGLHVWKDWLPSXOVLYLW\LV
DPXOWLIDFWRULDOFRQFHSWLQÀXHQFHGE\DQXPEHURILQGHSHQGHQWELRORJLFDO
PHFKDQLVPV
0HWKRGV%HKDYLRXUDOWHVWVXVLQJUDWVDVVXEMHFWVZHUHFRQVWUXFWHGWRDVVD\
WKUHHDVSHFWVRILPSXOVLYHGHFLVLRQPDNLQJWKHSUHSDUDWLRQWRDFW WKHH[
HFXWLRQRIDVHULHVRIDFWVIRUPLQJDJRDORULHQWHGSDWWHUQRIEHKDYLRXUDQG
WKHFRQVHTXHQFHVRIWKHEHKDYLRXU7KHVHZHUHUHVSHFWLYHO\WKHXQFHUWDLQ
YLVXDOGLVFULPLQDWLRQWKHSDFHG¿[HGFRQVHFXWLYHQXPEHUWHVWS)&1DQG
WKHGHOD\RIUHLQIRUFHPHQWWHVW&KDOOHQJHVWXGLHVXVLQJGUXJVZLWKGLIIHU
HQWPHFKDQLVPVRIDFWLRQVERWKDQLPDOPRGHOVRISV\FKLDWULFGLVRUGHUVDQG
SKDUPDFRWKHUDSLHVSUREHGWKHVHQVLWLYLW\RIWKHDVVD\VWRPDQLSXODWLRQRI
GLIIHUHQWQHXURWUDQVPLWWHUV\VWHPVDQGWKHLQWHUDFWLRQRIWKHVHZLWKJHQHWLF
EDFNJURXQGZDVVWXGLHGXVLQJUDWVRIGLIIHUHQWVWUDLQV)LQDOO\WKHHIIHFWVRI
GUXJVRQVHOIFRQWUROPRWLYDWHGE\ORVVRIIRRGUHLQIRUFHUVZHUHFRQWUDVWHG
ZLWKWKRVHZKHQVKRFNDYRLGDQFHZDVWKHPRWLYDWLRQ
5HVXOWV6WDEOHEHKDYLRXUDOEDVHOLQHVZHUHREWDLQHGLQWKHWKUHHSURFHGXUHV
%HKDYLRXU LQ WKH WHVWVZDVVHQVLWLYH WRGUXJFKDOOHQJHVSDUWLFXODUO\ WKRVH
LQYROYLQJPDQLSXODWLRQRI'$	+7'UXJVVXFKDVWKH+7DJRQLVWV
2+'3$7	'2,KDGGLIIHUHQWHIIHFWVDFURVVWKHWHVWVVXJJHVWLQJPXOWLSOH
UROHV IRU+7 LQ LPSXOVLYHEHKDYLRXU:KHQ6+5UDWV DQDQLPDOPRGHO
RI$'+'ZHUHFRPSDUHGWR:.<FRQWUROVXVLQJWKHS)&1WHVWQRWRQO\
ZHUHWKH\PRUHLPSXOVLYHXQGHUEDVHOLQHFRQGLWLRQVEXWDOVRVKRZHGGLIIHU
HQWLDOVHQVLWLYLW\WRGUXJFKDOOHQJHVHJDPSKHWDPLQH	KDORSHULGRO,QD
FRQYHQWLRQDODSSHWLWLYH)&1DPSKHWDPLQHLQFUHDVHGLPSXOVLYLW\EXWZKHQ
JRRG)&1SHUIRUPDQFHDOORZHGUDWVWRDYRLGHOHFWULFVKRFNVDPSKHWDPLQH
DQGPHWK\OSKHQLGDWHUHGXFHGLPSXOVLYHEHKDYLRXU
&RQFOXVLRQV7KHVHVWXGLHVFRQ¿UPWKDWWKHELRORJLFDOLQÀXHQFHVRQLPSXO
VLYLW\DUHFRPSOH[7KHHIIHFWVRIDGUXJPD\GHSHQGRQWKHDVSHFWRILPSXO
VLYLW\XQGHUVWXG\DVZHOODVWKHQDWXUHDQGPRWLYDWLRQDOVWDWHRIWKHVXEMHFW
8QGHUVWDQGLQJWKHZD\WKHVHIDFWRUVLQWHUDFWPD\KHOSWKHGHYHORSPHQWRI
QHZWUHDWPHQWVIRUSV\FKLDWULFGLVRUGHUVRIZKLFKLPSXOVLYHEHKDYLRXULVD
V\PSWRP VXFK DV$'+' VXEVWDQFH DEXVHPDQLD RU VFKL]RSKUHQLD7KH
XVHRIREMHFWLYHPHDVXUHVRI LPSXOVLYLW\PD\KHOS WR LGHQWLI\GLPHQVLRQV
RI LPSXOVLYLW\ZKLFKFURVVGLDJQRVWLFFDWHJRULHV WKHUHE\ IDFLOLWDWLQJGUXJ
GLVFRYHU\DQGWKHGHYHORSPHQWRIFOLQLFDOWULDOPHWKRGRORJ\
6
1R$EVWUDFW5HFHLYHG
+HUYH&DFL
)UDQFH
6
+RZ/DERUDWRU\0RGHOVRI$WWHQWLRQDUH5HODWHGWR
,PSXOVLYLW\
'RQDOG'RXJKHUW\
:DNH)RUHVW8QLYHUVLW\0HGLFDO6FKRRO86$
&KDUOHV0DWKLDV'DZQ0DUVK
2EMHFWLYHV%HKDYLRUDOLPSXOVLYLW\SDUDGLJPVYDU\ZLGHO\DQGVWXGLHVXVLQJ
WKHVHPHDVXUHVKDYHW\SLFDOO\UHOLHGRQDVLQJOHPHDVXUHXVHGLQLVRODWLRQ
/4(%2¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
$VDUHVXOWFRPSDULVRQVEHWZHHQPHDVXUHVDUHGLI¿FXOWZLWKOLWWOHFRQVHQVXV
UHJDUGLQJZKLFKPHWKRGPD\ EHPRVW VHQVLWLYH WR LQGLYLGXDO LPSXOVLYLW\
GLIIHUHQFHVRIGLIIHUHQWSRSXODWLRQV7KLV VWXG\FRPSDUHVSHUIRUPDQFHRQ
UDSLGGHFLVLRQ DQG UHZDUGGLUHFWHG EHKDYLRUDOPHDVXUHV RI LPSXOVLYLW\ LQ
WZRJURXSVRIDGROHVFHQWV
0HWKRGV $ VLQJOH WHVWLQJ VHVVLRQ RI HDFK RI IRXU GLIIHUHQW LPSXOVLYLW\
WDVNVZDVFRPSOHWHGE\WZRJURXSVRIDGROHVFHQWVDJHVKRVSLWDOL]HG
LQSDWLHQWVZLWKGLVUXSWLYHEHKDYLRUGLVRUGHUVQ DQGFRQWUROVUHFUXLWHG
IURP WKH FRPPXQLW\ Q  7KHPHDVXUHV LQFOXGHG WZR UDSLGGHFLVLRQ
,PPHGLDWHDQG'HOD\HG0HPRU\7DVNVDQG*R6WRS,PSXOVLYLW\3DUDGLJP
DQGWZRUHZDUGGLUHFWHG7ZR&KRLFH,PSXOVLYLW\3DUDGLJPDQG6LQJOH.H\
,PSXOVLYLW\3DUDGLJPEHKDYLRUDOLPSXOVLYLW\WDVNV%HKDYLRUDOWHVWLQJWRRN
SODFHZLWKLQ  GD\V RI KRVSLWDOL]DWLRQ IRU WKH DGROHVFHQWVZLWK GLVUXSWLYH
EHKDYLRUGLVRUGHUV
5HVXOWV &RPSDUHG WR FRQWUROV WKH GLVUXSWLYH EHKDYLRU GLVRUGHU JURXS
H[KLELWHG KLJKHU FRPPLVVLRQ HUURU UDWHV ORZHU LQKLELWHG UHVSRQVH UDWHV
DIWHUDVWRSVLJQDODQGWZLFHDVPDQ\UHZDUGGLUHFWHGUHVSRQVHVHYHQDIWHU
,4GLIIHUHQFHVEHWZHHQWKHJURXSVZHUHWDNHQLQWRDFFRXQW:KHQWKHIRXU
SDUDGLJPVZHUH FRPSDUHG HIIHFWVL]H FDOFXODWLRQV LQGLFDWHG WKDW WKH WZR
UDSLGGHFLVLRQSDUDGLJPVZHUHPRUHVHQVLWLYHWRJURXSGLIIHUHQFHVWKDQWKH
UHZDUGGLUHFWHGWDVNV
&RQFOXVLRQV,QFRQWUDVWWRWKHFRQWUROJURXSWKHDGROHVFHQWVZLWKGLVUXS
WLYHEHKDYLRUGLVRUGHUVSHUIRUPHGFRQVLVWHQWO\ZLWKZKDWKDVEHHQRSHUD
WLRQDOO\GH¿QHGDVLPSXOVLYLW\%DVHGRQWKHVHUHVXOWVWKHVHWDVNVDSSHDUWR
PHDVXUHVLPLODUEXWXQLTXHFRPSRQHQWVRIWKHLPSXOVLYLW\FRQVWUXFW:LWK
IXUWKHUVWXG\ODERUDWRU\EHKDYLRUDOSDUDGLJPVPD\SURYHWREHXVHIXODGGL
WLRQVWRFXUUHQWFOLQLFDOGLDJQRVWLFDQGWUHDWPHQWSURFHGXUHVLQDYDULHW\RI
SV\FKLDWULFSRSXODWLRQV
6
,PSXOVLYLW\DQG6XEVWDQFH$EXVH1HXURELRORJ\DQG%HKDYLRU
)*HUDUG0RHOOHU
8QLYHUVLW\RI7H[DV+6&+RXVWRQ86$
-RHO/6WHLQEHUJ.KDGHU0+DVVDQ,JQDFLR9DOGHV
3RQQDGD$1DUD\DQD$ODQ&6ZDQQ(UQHVW6%DUUDWW
2EMHFWLYHV7KHUHLVDJURZLQJERG\RIHYLGHQFHWKDWLPSXOVLYLW\LVLPSRU
WDQW LQ WKH LQLWLDWLRQDQGPDLQWHQDQFHRI VXEVWDQFHDEXVH7KHSXUSRVHRI
WKLVVWXG\ZDVWRH[DPLQHWKHUHODWLRQVKLSEHWZHHQFKDQJHVLQEUDLQIXQFWLRQ
DQGVWUXFWXUHDQGLPSXOVLYLW\LQVXEVWDQFHDEXVHXVLQJVHOIUHSRUWDQGEH
KDYLRUDOODERUDWRU\PHDVXUHVLQUHODWLRQWRELRORJLFDOPHDVXUHVRIIXQFWLRQDO
PDJQHWLFUHVRQDQFHLPDJLQJI05,DQGGLIIXVLRQWHQVRULPDJLQJ'7,
0HWKRGV 6XEVWDQFH DEXVLQJ VXEMHFWV DQG QRQGUXJ XVLQJ FRQWUROV XQ
GHUZHQW TXHVWLRQQDLUH DQG EHKDYLRUDO ODERUDWRU\PHDVXUHV RI LPSXOVLYLW\
$GGLWLRQDOO\VXEMHFWVDOVRFRPSOHWHGI05,DQG'7,VFDQV
5HVXOWV $OO VXEVWDQFH DEXVLQJ VXEMHFWV VKRZHG LQFUHDVHG LPSXOVLYLW\
0'0$XVLQJVXEMHFWVVKRZHGLQFUHDVHG%2/'I05,DFWLYDWLRQLQWKHSUH
IURQWDOFRUWH[WKDODPXVDQGKLSSRFDPSXVFRPSDUHGWRFRQWUROV6LPLODUO\
FRFDLQHGHSHQGHQWVXEMHFWVDOVRVKRZHGLQFUHDVHGSUHIURQWDOFRUWLFDOI05,
DFWLYDWLRQ&RFDLQHGHSHQGHQW VXEMHFWV DOVRKDG D VLJQL¿FDQW UHGXFWLRQ LQ
ZKLWHPDWWHULQWHJULW\DVPHDVXUHGE\'7,LQWKHDQWHULRUFRUSXVFDOORVXP
ZKLFKLVWKHUHJLRQZKHUHIURQWDOFRUWLFDO¿EHUWUDFNVFURVV7KHUHGXFWLRQ
LQ ZKLWH PDWWHU LQWHJULW\ FRUUHODWHG ZLWK EHKDYLRUDO ODERUDWRU\ PHDVXUHG
LPSXOVLYLW\
&RQFOXVLRQV6XEVWDQFHDEXVLQJVKRZHGLQFUHDVHGLPSXOVLYLW\DQGVKRZHG
DOWHUDWLRQVLQEUDLQVWUXFWXUHDQGIXQFWLRQLQUHJLRQVNQRZQWREHLPSRUWDQW
IRULPSXOVHFRQWURO)XUWKHUUHVHDUFKLVQHHGHGRQWKHHIIHFWRIWUHDWPHQWIRU
VXEVWDQFHDEXVHRQEUDLQVWUXFWXUHDQGIXQFWLRQ
5HIHUHQFHV
0RHOOHU )* 6WHLQEHUJ -/ 'RXJKHUW\ '0 1DUD\DQD 3$ .UDPHU
/$5HQVKDZ3) )XQFWLRQDO05, VWXG\ RIZRUNLQJPHPRU\ LQ
0'0$XVHUV3V\FKRSKDUPDFRORJ\
0RHOOHU )* +DVDQ .0 6WHLQEHUJ -/ .UDPHU /$ 'RXJKHUW\
'06DQWRV509DOGHV ,6ZDQQ$&%DUUDWW(61DUD\DQD3$
 5HGXFHG $QWHULRU &RUSXV &DOORVXP :KLWH 0DWWHU ,QWHJULW\ LV
UHODWHG WR ,QFUHDVHG ,PSXOVLYLW\DQG5HGXFHG'LVFULPLQDELOLW\ LQ&RFDLQH
'HSHQGHQW6XEMHFWV'LIIXVLRQ7HQVRU,PDJLQJ1HXURSV\FKRSKDUPDFRORJ\
0DU3
6
1HXUDO6\VWHPVDQG$GXOW$'+'3V\FKRSDWKRORJ\
6
+RZGR3V\FKRVWLPXODQWVWDNH(IIHFWLQ$WWHQWLRQ'HILFLW
+\SHUDFWLYLW\'LVRUGHU"
0DQIUHG*HUODFK
8QLYHUVLW\RI:XHU]EXUJ'HSDUWPHQWRI&KLOGDQG$GROHVFHQW
3V\FKLDWU\DQG3V\FKRWKHUDS\*HUPDQ\
$WWHQWLRQ GH¿FLW K\SHUDFWLYLW\ GLVRUGHU $'+' LV RQH RI WKHPRVW FRP
PRQ EHKDYLRXUDO GLVRUGHUV LQ FKLOG DQG DGROHVFHQW SV\FKLDWU\ $'+'
LQYROYHVFOLQLFDOO\KHWHURJHQHRXVG\VIXQFWLRQVRIVXVWDLQHGDWWHQWLRQZLWK
EHKDYLRXUDORYHUDFWLYLW\DQGLPSXOVLYLW\RIMXYHQLOHRQVHW7KHHI¿FDF\RI
SV\FKRVWLPXODQWVHJPHWK\OSKHQLGDWHDQGDPSKHWDPLQHLQWKHWUHDWPHQW
RI$'+'RIFKLOGDQGDGROHVFHQWVZDVGHPRQVWUDWHGLQDYDULHW\RIFOLQLFDO
VWXGLHV,WDSSHDUVWKDWFKLOGUHQZLWK$'+'KDYHD³SDUDGR[LFDO´UHVSRQVH
WR VWLPXODQWPHGLFDWLRQ$FFRUGLQJ WR WKH SDUDGR[LFDO UHVSRQVH YLHZ WKH
VWLPXODQWPHGLFDWLRQVHUYHVWRFRUUHFWDSUHVHQWO\XQGH¿QHGEUDLQDEQRUPDO
LW\DQGSUHVXPDEO\ZRUNVLQDTXDOLWDWLYHO\GLIIHUHQWZD\IURPWKHQRUPDO
DFWLRQRIWKHGUXJ5REELQV
7KHPHFKDQLVPVXQGHUO\LQJWKHHI¿FDF\RISV\FKRVWLPXODQWVDUHQRWNQRZQ
\HWEHFDXVHWKHHWLRORJ\RI$'+'DQGLWVXQGHUO\LQJSDWKRSK\VLRORJ\DUH
SRRUO\ XQGHUVWRRG7KHVH GUXJV DUH WKRXJKW WR DFW LQ WKH FHQWUDO QHUYRXV
V\VWHP &16 E\ HQKDQFLQJ GRSDPLQHUJLF DQG QRUDGUHQHUJLF QHXURWUDQV
PLVVLRQYLDDOWHUDWLRQRI WKHPRQRDPLQH WUDQVSRUWHU IXQFWLRQ0HWK\OSKH
QLGDWH UHYHUVLEO\ LQKLELWV XSWDNH DFWLYLW\ E\ FRPSHWLQJ ZLWK GRSDPLQH
DQG QRUDGUHQDOLQH IRU ELQGLQJ WR WKH WUDQVSRUWHUZKLOH DPSKHWDPLQH LV D
VXEVWUDWHIRUWKLVWUDQVSRUWHUDQGLQDGGLWLRQUHOHDVHVERWKQHXURWUDQVPLWWHUV
IURPYHVLFXODUVWRUDJH
5HFHQWO\ LQIRUPDWLRQ EDVHG RQ LPDJLQJ VWXGLHV LQ DGXOW DQG DGROHVFHQW
$'+'DQGDQLPDOVWXGLHVKDYHSURYLGHGQHZNQRZOHGJHDERXWWKHSKDUPD
FRG\QDPLFSURSHUWLHVRIWKHVHGUXJVDWWKHSULPDU\VLWHRIDFWLRQLQWKH&16
,QWKLVSDSHU,ZLOOUHYLHZWKHVHNQRZOHGJHDQGXVHWKLVQHZLQIRUPDWLRQWR
HYDOXDWHWKHPHFKDQLVPVRIDFWLRQRISV\FKRVWLPXODQWV
5HIHUHQFHV
5REELQV7:$'+'DQGDGGLFWLRQ1DWXUH0HGLFLQH
6
&/2&.*HQH3RO\PRUSKLVPVDQG$GXOW$WWHQWLRQ'HILFLW
+\SHUDFWLYLW\'LVRUGHU$'+'
-RKDQQHV7KRPH
8QLYHUVLW\RI:DOHV6ZDQVHD8.
&KULVWLDQ.LVVOLQJ&KULVWLQH)UHLWDJ6WHIDQ:LHPDQQ$QGUHZ
&RRJDQ:ROIJDQJ5HW]0LFKDHO5|VOHU
2EMHFWLYHV$'+'LVDFRPPRQFRQGLWLRQLQFKLOGDQGDGROHVFHQWSV\FKLD
WU\7KHUHLVLQFUHDVLQJHYLGHQFHWKDW$'+'SOD\VDQLPSRUWDQWUROHLQDGXOW
SV\FKLDWU\ DVZHOO 6RPH SDWLHQWV VXIIHULQJ IURP$'+' UHSRUW GLVWXUEHG
VOHHSLQJ SDWWHUQV DQG DQ DOWHUHG FLUFDGLDQ UK\WKP 7KXV SRO\PRUSKLVPV
FRGLQJIRUJHQHVLQYROYHGLQWKHHQGRJHQRXVWLPHNHHSLQJV\VWHPFRXOGEH
DVVRFLDWHGZLWK$'+'RUVRPHVSHFL¿FIRUPVRI$'+'
0HWKRGV:HGHWHUPLQHGD&7SRO\PRUSKLVPLQWKH¶875RIWKHKXPDQ
&/2&.JHQHDQGORRNHGIRUDSRVVLEOHDVVRFLDWLRQZLWK$'+'LQDSRSXOD
WLRQRIDGXOWSULVRQ LQPDWHVZKRXQGHUZHQW D VHULHVRISV\FKRPHWULF
WHVW
5HVXOWV:HIRXQGDQDVVRFLDWLRQRI WKHVHOIUDWLQJIRU$'+'ZLWK WKH&
DOOHOHRIWKHKXPDQ&/2&.JHQHSRO\PRUSKLVP
&RQFOXVLRQV7RRXUNQRZOHGJHWKLVLV WKH¿UVWVWXG\OLQNLQJ$'+'WRD
SRO\PRUSKLVPLQDJHQHLQYROYHGLQFLUFDGLDQUK\WKPLFLW\
/4(%2¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
7KH1HXURSK\VLRORJ\RI,PSXOVLYLW\
:HUQHU6WULN
8QLYHUVLW\+RVSLWDORI3V\FKLDWU\%HUQ6ZLW]HUODQG
$QGUHDV)DOOJDWWHU7KRPDV-0OOHU
2EMHFWLYHV 7R JLYH DQ RYHUYLHZ RI WKH QHXURPRUSKRORJLFDO DQG QHXUR
SK\VLRORJLFDOEDVLVRILPSXOVLYHEHKDYLRXUDQGUHVSRQVHFRQWURO
0HWKRGV5HYLHZRIVWXGLHVLQQRUPDOFRQWUROVSDWLHQWVZLWKEUDLQOHVLRQV
VFKL]RSKUHQLF DQG$'+'SDWLHQWVZLWK IXQFWLRQDO05, DQG HYHQW UHODWHG
SRWHQWLDOV
5HVXOWV 7KH EUDLQ DFWLYDWLRQ GXULQJ UHVSRQVH LQKLELWLRQ LQYROYHV IURQWDO
QHWZRUNVDQG LV UHODWHG WR WKHVHURWRQHUJLFV\VWHP$SDUWLFXODU UROH LVDW
WULEXWHGWRWKHULJKWIURQWDOOREH
&RQFOXVLRQV ,PSXOVLYLW\ LV D FRPSOH[ SKHQRPHQRQ ZKLFK LV SUHVHQW LQ
VHYHUDO SV\FKLDWULF FRQGLWLRQV 7KH XQGHUVWDQGLQJ RI WKH ELRORJLFDO EDVHV
LV VWLOO UXGLPHQWDO EXW DOORZV IRFXVLQJ RQZHOO GH¿QHG V\VWHPV DQG EUDLQ
UHJLRQV7KHUHLVQHHGRIIXWXUHVWXGLHVWREHWWHUHOXFLGDWHWKHPHFKDQLVPRI
DQGLQWHUDFWLRQVEHWZHHQLQWHQWLRQDFWLRQDQGFRQWURO
6
)05,$FWLYDWLRQ3DWWHUQVLQ$GXOW3DWLHQWVZLWK$WWHQWLRQ
'HILFLW+\SHUDFWLYLW\'LVRUGHU$'+'
:ROIJDQJ5HW]
,QVWLWXWHIRU)RUHQVLF3V\FKRORJ\DQG3V\FKLDWU\8QLYHUVLW\RIWKH
6DDUODQG*HUPDQ\
0DUF)6FKQHLGHU
2EMHFWLYHV$'+'SHUVLVWVLQDERXWIURPFKLOGKRRGLQWRDGXOWKRRG,WV
VWURQJJHQHWLFDO OLQNHPSKDVL]HVWKHQHXURELRORJLFDOEDVLVRI WKHGLVRUGHU
6WUXFWXUDO05, DQG QHXURSK\VLRORJLFDO LQYHVWLJDWLRQV LQ$'+' IRFXV RQ
IURQWDOEUDLQUHJLRQVVWULDWXPDVZHOODVEUDLQVWHPDQGFHUHEHOODUUHJLRQV
0HWKRGV ,Q WKLV VWXG\ DGXOW SDWLHQWVZLWK$'+'DFFRUGLQJ WR WKH ,&'
 UHVHDUFK FULWHULD ZHUH LQYHVWLJDWHG E\ IXQFWLRQDO PDJQHWLF UHVRQDQFH
WRPRJUDSK\8VLQJDQHYHQWUHODWHGGHVLJQD FRQWLQXRXVSHUIRUPDQFH WHVW
ZLWKD*R1R*RSDUDGLJPZDVXVHG7KXVPRWRU H[HFXWLYH IXQFWLRQDQG
LQKLELWRU\PHFKDQLVPVFRXOGEHDQDO\]HG3DWLHQWVQ DQGFRQWUROVQ 
GLGQRWVLJQL¿FDQWO\GLIIHULQDJHRUJHQGHUGLVWULEXWLRQ
5HVXOWV$FRUUHODWLRQDQDO\VLVRII05ODFWLYDWLRQGDWDZLWKWKH$'+'VHOI
UDWLQJVXEVFRUHIRUDWWHQWLRQGH¿FLWV5|VOHUHWDOVKRZHGDQHJDWLYH
FRUUHODWLRQRIDFWLYDWLRQDWERWKVLGHVRIWKH*\UXVIURQWDOLVVXSHULRUULJKW
*\UXV IURQWDOLVPHGLXV ERWK VLGHV RI WKH1XFOHXV FDXGDWXV OHIW /REXOXV
SDULHWDOLV VXSHULRU DQG ULJKW /REXOXV SDULHWDOLV LQIHULRU DV ZHOO DV DW WKH
OHIW*\UXVVXSUDPDUJLQDOLVZLWK LQFUHDVLQJSDWKRORJLFDO VFRUHV FRQGLWLRQ
Ä1R*R³PRWRU LQKLELWLRQ S$QDO\]LQJ VRIWZDUH 6WDWLVWLFDO 3DUD
PHWULF0DSSLQJ
&RQFOXVLRQV7KHVHGDWDVXSSRUWWKHK\SRWKHVLVWKDWLQ$'+'WKHUHDUHGLV
WLQFWUHJLRQVZLWKOHVVDFWLYLW\FRPSDUHGWRFRQWUROVLQWKHVWULDWXPDVZHOO
DVIURQWDODQGSDULHWDOOREHV)URQWRVWULDWDODQGIURQWRSDULHWDOQHWZRUNVDUH
NQRZQWREHLQYROYHGLQDWWHQWLRQWDVNV0RWRUSODQQLQJDQGH[HFXWLRQDOVR
WXUQVRXWWREHDIIHFWHGLQDGXOW$'+'SDWLHQWV7KHUHVXOWVIURPWKHVHQHX
URSK\VLRORJLFDOEDVLFLQYHVWLJDWLRQVZLOOOHDGLQWRIXUWKHUGHWDLOHGDQDO\VLV
RIVHOHFWHGDVSHFWVLQQHXURFRJQLWLYHSDWKRSK\VLRORJ\DQGLWVSKDUPDFRORJL
FDOPRGXODWLRQLQDGXOW$'+'
5HIHUHQFHV
5|VOHU 0 5HW] : 5HW]-XQJLQJHU 3 7KRPH - 6XSSULDQ 7 1LVVHQ 7
6WLHJOLW] 5' %ORFKHU ' +HQJHVFK*7URWW *(  ,QVWUXPHQWH ]XU
'LDJQRVWLN GHU $XIPHUNVDPNHLWVGH¿]LW+\SHUDNWLYLWlWVVW|UXQJ $'+6
LP (UZDFKVHQHQDOWHU 6HOEVWEHXUWHLOXQJVVNDOD $'+66% XQG 'LDJQRVH
&KHFNOLVWH$'+6'&1HUYHQDU]W
6
1HXURELRORJLFDO&KDQJHVLQ3DWLHQWVZLWK%RUGHUOLQH
3HUVRQDOLW\'LVRUGHU%3'
6
I05,DVD7RROIRU'HWHFWLRQRI$EQRUPDO$IIHFW3URFHVVLQJLQ
%3'
6DELQH&+HUSHUW]
5RVWRFN8QLYHUVLW\*HUPDQ\
.QXW6FKQHOO*UHJRU'RPHV
2EMHFWLYHV 3HU GH¿QLWLRQ DIIHFW G\VUHJXODWLRQ LV RQHRI WKH FRUH GLPHQ
VLRQV RI SHUVRQDOLW\ GLVRUGHUV DQG WKH WDUJHW V\PSWRP RI D QXPEHU RI
SV\FKRWKHUDS\ WUHDWPHQW SURJUDPV +HUSHUW] HW DO   
3V\FKRSDWKRORJ\ RI ERUGHUOLQH SHUVRQDOLW\ GLVRUGHU %3' LV SDUWLFXODUO\
GHWHUPLQHG E\ DIIHFW G\VUHJXODWLRQ ZKLFK LV DVVRFLDWHG ZLWK LPSXOVLYLW\
DQGLQZDUGO\RURXWZDUGO\GLUHFWHGDJJUHVVLRQ3UHYLRXVQHXURLPDJLQJGDWD
LQ%3'VXJJHVWIURQWROLPELFG\VIXQFWLRQWREHWKHPRVWVLJQL¿FDQWXQGHUO\
LQJEUDLQSDWKRORJ\
5HVXOWV ,Q D ¿UVW IXQFWLRQDO QHXURLPDJLQJ VWXG\ RXU JURXS UHSRUWHG
LQFUHDVHG DFWLYDWLRQRI WKHELODWHUDO DP\JGDOD DQGYHQWURODWHUDO SUHIURQWDO
FRUWH[ LQ UHVSRQVH WR DYHUVLYH VWLPXOL IURP WKH ,QWHUQDWLRQDO $IIHFWLYH
3LFWXUH6\VWHPLQDSDVVLYHYLHZLQJWDVN'DWDRIHQKDQFHGDFWLYLW\LQYHQ
WURODWHUDODQGVXSHULRUGRUVDODUHDVRIWKHSUHIURQWDOFRUWH[ZHUHIRXQGLQD
I05,VWXG\ZKHQ%3'VXEMHFWVZHUHFRQIURQWHGZLWKSLFWRULDOVWLPXOLWKDW
JDLQVHOIUHIHUHQWLDOVLJQL¿FDQFHE\SURYRNLQJWKHUHFDOORIDXWRELRJUDSKLF
PHPRULHV,QFUHDVHGDFWLYLW\RIWKHOHIWYHQWURODWHUDOSUHIURQWDOFRUWH[ZDV
DOVRIRXQGLQDWDVNZKHUHHPRWLRQDOGLVWUDFWRUVKDGWREHLQKLELWHG
&RQFOXVLRQV 'DWD SRLQW WR WKH FRQFOXVLRQ WKDW LQ %3' DUHDV DUH KLJKO\
DFWLYDWHGWKDWDUHHQJDJHGLQDIIHFWUHJXODWLRQSURFHVVLQJ$P\JGDODDFWLY
LW\ WKDW SOD\V DQ LPSRUWDQW DQG SHUYDVLYH UROH LQ HQFRGLQJ DURXVLQJ DQG
HVSHFLDOO\DYHUVLYHHYHQWVDQGYHQWURODWHUDOSUHIURQWDOUHJLRQVWKDWUHSUHVHQW
GRZQUHJXODWLQJSURFHVVHV
6
1HXURELRORJ\RI$EQRUPDO3DLQ3HUFHSWLRQLQ3DWLHQWVZLWK
%3'
&KULVWLDQ6FKPDKO
&HQWUDO,QVWLWXWHRI0HQWDO+HDOWK0DQQKHLP*HUPDQ\
3HWUD/XGlVFKHU$QMD-RFKLPV
2EMHFWLYHV %RUGHUOLQH 3HUVRQDOLW\ 'LVRUGHU %3' LV FKDUDFWHUL]HG E\
UHGXFHGSDLQVHQVLWLYLW\%3'SDWLHQWVFDQEHGLIIHUHQWLDWHGLQWRVXEJURXSV
ZLWKDQGZLWKRXWVHOILQMXULRXVEHKDYLRU6,%
0HWKRGV:HXVHGODVHUHYRNHGKHDWSDLQDQG((*SRWHQWLDOVWRDVVHVVSDLQ
SHUFHSWLRQLQ%3'SDWLHQWVZLWKDQGZLWKRXW6,%$OVRSDLQIXOKHDWVWLPXOL
LQFRPELQDWLRQZLWKI05,ZHUHXVHGWRH[DPLQHQHXUDOSURFHVVHVXQGHUO\
LQJUHGXFHGSDLQVHQVLWLYLW\
5HVXOWV3DLQWKUHVKROGVLQ%3'SDWLHQWVZLWK6,%ZHUHVLJQL¿FDQWO\GLIIHU
HQWIURPKHDOWK\FRQWUROV+RZHYHUSDLQWKUHVKROGVLQ%3'SDWLHQWVZLWKRXW
6,%ZHUHQRWGLIIHUHQW IURPFRQWUROV&RPSDUHG WRKHDOWK\FRQWUROV%3'
SDWLHQWVH[KLELWHGVWURQJHUDFWLYDWLRQVLJQDOV LQ WKHGRUVRODWHUDOSUHIURQWDO
FRUWH[DQGDVLJQDOGHFUHDVHLQWKHSHULJHQXDODQWHULRUFLQJXODWHJ\UXVDQG
LQ WKH DP\JGDOD$FWLYDWLRQSDWWHUQVZHUHGLIIHUHQWEHWZHHQSDWLHQWVZLWK
DQGZLWKRXW6,%
&RQFOXVLRQV 'LVWXUEHG SDLQ SHUFHSWLRQ DQG SDLQ SURFHVVLQJ LQ SDWLHQWV
ZLWK%3'GDWDDSSHDUVWREHUHODWHGWRVHOILQMXULRXVEHKDYLRULQWKLVSDWLHQW
SRSXODWLRQ
/4(%2¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
)XQFWLRQDO05,DQG%RUGHUOLQH3HUVRQDOLW\'LVRUGHU
(ULFK6HLIULW]
8QLYHUVLW\+RVSLWDORI&OLQLFDO3V\FKLDWU\8QLYHUVLW\RI%HUQ
6ZLW]HUODQG
)UDQFHVFR'L6DOOH)DEUL]LR(VSRVLWR&KULVWLDQ6FKPDKO
*HUKDUG'DPPDQQ
2EMHFWLYHV$OWHUDWLRQRIHPRWLRQDO UHJXODWLRQ LVDFRUHV\PSWRPRI%RU
GHUOLQH 3HUVRQDOLW\ 'LVRUGHU %3' 0DJQHWLF UHVRQDQFH LPDJLQJ 05,
VXJJHVWVDUROHRIWKHDP\JGDOD6WXGLHVZHUHFRQGXFWHGWRIXUWKHUGHWDLOWKH
DOWHUDWLRQVRIDP\JGDODIXQFWLRQLQJLQ%3'
0HWKRGV,QWZRLQGHSHQGHQWVWXGLHVZHXVHGIXQFWLRQDO05,LQFRPELQD
WLRQDZLWKHPRWLRQDODXGLWRU\VWLPXOLDQGEZLWKSDLQIXOKHDWVWLPXOL LQ
SDWLHQWVZLWK%3'DQGLQFRQWUROVXEMHFWV
5HVXOWV%ORRGR[\JHQOHYHOGHSHQGHQWVLJQDOUHVSRQVH\LHOGHGDUHGXFHG
SK\VLRORJLFDOKDELWXDWLRQOLNHFKDQJHVRIQHXUDOUHVSRQVHWRHPRWLRQDODXGL
WRU\VWLPXOLDFURVVUHSHDWHGVWLPXOXVDGPLQLVWUDWLRQVDQGEDUHGXFWLRQRI
QHXUDOUHVSRQVHLQWKHDP\JGDODUHODWHGWRSDLQSHUFHSWLRQ
&RQFOXVLRQV2XU GDWD DUH FRQVLVWHQWZLWK H[DJJHUDWHG DP\JGDOD UHVSRQ
VLYHQHVVWRHPRWLRQDOVWLPXOLLQSDWLHQWVZLWK%3'DQGVXJJHVWWKDWWKLVDO
WHUDWLRQPLJKWEHDVVRFLDWHGZLWKVHOILQMXULRXVEHKDYLRUZKLFKFDQUHGXFH
QHXUDOWRQHLQDP\JGDOD
6
1HXURELRORJLFDO)DFHWVRIWKH,QWHUSOD\RI$IIHFWDQG
&RJQLWLRQLQ%3'
.ULVWLQD)DVW
8QLYHUVLW\RI0XQLFK/08*HUPDQ\
7KRPDV=HW]VFKH%HDWH5XSSHO$QQD%HUDOGL
+DQV-UJHQ0|OOHU6DELQH+HUSHUW]
2EMHFWLYHV&OLQLFDO IHDWXUHVRI%3' LQFOXGH LQWHQVHDQG ODELOHDIIHFW LU
ULWDELOLW\LQDSSURSULDWHDQJHUDQGSDUR[\VPDOUDJHEHKDYLRXUDOG\VFRQWURO
WUDQVLHQW SDUDQRLG LGHDWLRQ XQVWDEOH LQWHUSHUVRQDO UHODWLRQVKLSV DQG DQ
XQVWDEOH VHQVH RI VHOI 7KLV VXJJHVWV WKDW WKH LQWHJULW\ RI QHXUDO V\VWHPV
LQYROYHGLQDIIHFWUHJXODWLRQLPSXOVHFRQWURODQGVRFLDOFRJQLWLRQPD\EH
FRPSURPLVHG$G\VIXQFWLRQRI WKHSUHIURQWDODQGWHPSRUROLPELFQHWZRUN
PD\XQGHUOLHWKHEHKDYLRXUDOG\VFRQWURODIIHFWLYHG\VUHJXODWLRQDQGVRFLDO
FRJQLWLRQ GH¿FLWV LQ %3' 'LQQ HW DO  +HUSHW] HW DO 7KH
SUHVHQW VWXG\ IRFXVVHV RQ WKH QHXURSV\FKRORJLFDO DQG QHXURIXQFWLRQDO
FKDQJHVLQ%3'
0HWKRGV $ EURDG FOLQLFDO DQG QHXURSV\FKRORJLFDO WHVWEDWWHU\ DVVHVVLQJ
JOREDO IXQFWLRQLQJ DQG GLVWLQFW FRJQLWLYH GRPDLQV DV ZHOO DV ¿YH H[SHUL
PHQWDOSDUDGLJPVPHDVXULQJHPRWLRQGHSHQGHQWSURFHVVHVRIDWWHQWLRQDQG
PHPRU\ ZHUH LPSOHPHQWHG LQ %3' LQSDWLHQWV FRPSDUHG ZLWK PDWFKHG
KHDOWK\ FRQWUROV DQG GHSUHVVLYH SDWLHQWV 7KH HIIHFW RI LQKLELWLRQ DQG
PRGXODWLRQRQWKHLQWHUDFWLRQRIDIIHFWDQGFRJQLWLRQZDVFRPSDUHGWREDVLF
FRJQLWLYHIXQFWLRQLQJ
5HVXOWV 7KH %3' SDWLHQWV GLG QRW H[KLELW UHGXFHG LQWHOOLJHQFH ELW GLV
SOD\HG LPSDLUHG YLVXRFRQVWUXFWLYH YLVXRDQDO\WLF DQG YLVXDO PQHPRQLF
FDSDELOWLHV ,PSDLUPHQWV RI YHUEDOPHPRU\ DWWHQWLRQ DQG RWKHU H[HFXWLYH
IXQFWLRQVFRXOGQRWEHREWDLQHG$QDWWHQWLRQDODQGPQHPRQLFELDVEXWQR
HYDOXDWLYHELDVIRUQHJDWLYHVWLPXOLZDVIRXQGLQWKHEHKDYLRUDOSDUDGLJPV
&RQFOXVLRQV 7KH H[LKLELWHG YLVXRFRQVWUXFWLYH GLVDELOLW\ WKH VHOHFWLYH
GH¿FLWLQYLVXDOPHPRU\DQGWKHLPSDLUHGDIIHFWLYHG\VUHJXODWLRQDVVRFLDWHG
ZLWK%3'VXJJHVWDG\VIXQFWLRQRIULJKWKHPLVSKHULFDOIURQWRWHPSRUDOQHW
ZRUNV7KHDIIHFWLYHELDVLQDWWHQWLRQDQGPHPRU\WDVNVPD\DOVRLPSOLFDWHD
G\VIXQFWLRQLQWKLVQHWZRUN,WFDQEHVXJJHVWHGWKDWLWLVQRORQJHUDSSURSUL
DWHWRYLHZ%3'DVDFKDUDFWHURORJLFDOGLVRUGHUEXWDVDEHKDYLRXUDOHPR
WLRQDODQGFRJQLWLYHGLVRUGHUUHVXOWLQJIURPDFRPELQDWLRQRISV\FKRVRFLDO
DQGQHXURORJLFDOFRQGLWLRQV
5HIHUHQFHV
'LQQ:0+DUULV&/$\FLFHJL$*UHHQH3%.LUNOH\605HLOO\&
1HXURFRJQLWLYH IXQFWLRQ LQ ERUGHUOLQH SHUVRQDOLW\ GLVRUGHU 3URJUHVV LQ
1HXUR3V\FKRSKDUPDFRORJ\	%LRORJLFDO3V\FKLDWU\
+HUSHUW]6*UHW]HU$6WHLQPH\HU(00KOEDXHU96FKUNHQV$6$ȕ+
$IIHFWLYHLQVWDELOLW\DQGLPSXOVLYLW\LQSHUVRQDOLW\GLVRUGHUUHVXOWV
RIDQH[SHULPHQWDOVWXG\-RXUQDORI$IIHFWLYH'LVRUGHUV
6
3RVVLEOH*HQHWLF,QIOXHQFHVRQ6WUXFWXUDO%UDLQ&KDQJHVLQ
3DWLHQWVZLWK%RUGHUOLQH3HUVRQDOLW\'LVRUGHU
7KRPDV=HW]VFKH
'HSDUWPHQWRI3V\FKLDWU\/XGZLJ0D[LPLOLDQV8QLYHUVLW\
0XQLFK*HUPDQ\
7KRPDV)URGO8OULFK3UHXVV.ULVWLQD)DVW%ULJLWWD%RQG\
+DQV-UJHQ0|OOHU(YD00HLVHQ]DKO
2EMHFWLYHV %RUGHUOLQH 3HUVRQDOLW\ GLVRUGHU %3' LV DVVRFLDWHG ZLWK D
VSHFWUXP RI V\PSWRPV LQFOXGLQJ LPSXOVLYH EHKDYLRU DQG DIIHFWLYH LQVWD
ELOLW\ ,Q WKH ODVW\HDUVVWUXFWXUDOEUDLQDEQRUPDOLWLHV LQ WKH OLPELFV\VWHP
DQG WKHSUHIURQWDOFRUWH[ZHUH UHSHDWHGO\GHVFULEHG 'ULHVVHQHWDO
6FKPDKOHWDO7HEDUW]YDQ(OVWHWDO7KHDLPRIRXUVWXG\LVWR
H[DPLQHSRVVLEOHUHODWLRQVKLSVEHWZHHQEUDLQVWUXFWXUHDQGJHQHWLFYDULDQWV
RIWKH+7UHFHSWRUVDQGWKH+7WUDQVSRUWHULQSDWLHQWVZLWK%3'
0HWKRGV 7KLV VWXG\ LQYHVWLJDWHV  SDWLHQWV ZLWK ERUGHUOLQH SHUVRQDOLW\
GLVRUGHU DQG  DJHPDWFKHG FRQWUROV 'LDJQRVLV DUH PDGH DFFRUGLQJ WR
'60,9FULWHULD&RPRUELGGLVHDVHVZKLFKDUHNQRZQWREHDVVRFLDWHGZLWK
DOWHUDWLRQVRI EUDLQ VWUXFWXUHV VXFK DV VFKL]RSKUHQLD DOFRKROGHSHQGHQF\
DQG DQRUH[LD DUH H[FOXVLRQ FULWHULD 05, LPDJHV DUH REWDLQHG  7HVOD
0DJQHWRP9LVLRQ6LHPHQVXVLQJDFRURQDU7DQGSURWRQGHQVLW\ZHLJKWHG
GXDOHFKRVHTXHQFH%UDLQYROXPHWU\LVSHUIRUPHGE\XVLQJWKHVHJPHQWD
WLRQ VRIWZDUH SURJUDP%5$,167KH KLSSRFDPSXV DQG WKH DP\JGDOD DUH
GHOLQHDWHGDVUHJLRQVRI LQWHUHVW*HQHWLFDQDO\VLVRISRO\PRUSKLVPRI WKH
+7UHFHSWRUVDQGWKH+7WUDQVSRUWHUDUHSHUIRUPHG
5HVXOWV7KH UHVXOWV VKRXOG GHPRQVWUDWH LI WKHUH DUH JHQHWLF GHWHUPLQDQWV
IRU WKHEUDLQ VWUXFWXUHRI%3'SDWLHQWV&RQFOXVLRQV&RQFOXVLRQVZLOOEH
GUDZQ LI EUDLQ JHQRPLFV LV D YDOXDEOH WRRO IRU IXUWKHU HOXFLGDWLRQ RI WKH
SDWKRJHQHVLVRI%3'
5HIHUHQFHV
'ULHVVHQ0+HUUPDQQ-6WDKO.=ZDDQ00HLHU6+LOO$2VWHUKHLGHU
03HWHUVHQ'0DJQHWLFUHVRQDQFHLPDJLQJYROXPHVRIWKHKLSSRF
DPSXVDQGWKHDP\JGDODLQZRPHQZLWKERUGHUOLQHSHUVRQDOLW\GLVRUGHUDQG
HDUO\WUDXPDWL]DWLRQ$UFK*HQ3V\FKLDWU\
6FKPDK &* 9HUPHWWHQ ( (O]LQJD %0 %UHPQHU -'  0DJQHWLF
UHVRQDQFH LPDJLQJRIKLSSRFDPSDO DQG DP\JGDODYROXPH LQZRPHQZLWK
FKLOGKRRG DEXVH DQG ERUGHUOLQH SHUVRQDOLW\ GLVRUGHU 3V\FKLDWU\ 5HV 

7HEDUW]YDQ(OVW/+HVVOLQJHU%7KLHO7*HLJHU(+DHJHOH./HPLHX[/
/LHE.%RKXV0+HQQLJ-(EHUW')URQWROLPELFEUDLQDEQRUPDOL
WLHVLQSDWLHQWVZLWKERUGHUOLQHSHUVRQDOLW\GLVRUGHUDYROXPHWULFPDJQHWLF
UHVRQDQFHLPDJLQJVWXG\%LRO3V\FKLDWU\
6
1HXURELRORJ\RI%RUGHUOLQH3HUVRQDOLW\'LVRUGHU(YLGHQFH
IRU)URQWROLPELF'\VIXQFWLRQ
6
%36(SLGHPLRORJ\3V\FKRSDWKRORJ\DQG&OLQLFDO)LQGLQJV
.ODXV/LHE
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\RI
)UHLEXUJ*HUPDQ\
%RUGHUOLQH 3HUVRQDOLW\ 'LVRUGHU %3' LV FKDUDFWHUL]HG E\ D SHUYDVLYH
SDWWHUQ RI LQVWDELOLW\ LQ DIIHFW UHJXODWLRQ LPSXOVH FRQWURO LQWHUSHUVRQDO
UHODWLRQVKLSV DQG VHOILPDJH&OLQLFDO KDOOPDUNVRI WKHGLVRUGHU DUH HPR
WLRQDOG\VUHJXODWLRQLPSXOVLYHDJJUHVVLRQUHSHDWHGVHOILQMXULRXVEHKDYLRU
DQGFKURQLFVXLFLGDOLW\ZKLFKPDNHWKHVHSDWLHQWVWRKLJKXVHUVRIPHQWDO
KHDOWKUHVVRXUFHV(WLRORJLFDOIDFWRUVDUHRQO\SDUWLDOO\NQRZQEXWJHQHWLF
IDFWRUV DQG DGYHUVH HYHQWV GXULQJ FKLOGKRRG VXFK DV SK\VLFDO DQG VH[XDO
DEXVH FRQWULEXWH WR WKHGHYHORSPHQWRI WKHGLVRUGHU'LDOHFWLFDO%HKDYLRU
7KHUDS\ DQG D SV\FKRG\QDPLF SDUWLDO KRVSLWDO SURJUDPKDYH EHHQ VKRZQ
WREHHIIHFWLYH LQ WUHDWLQJ WKHRXWRIFRQWUROSDWLHQWDQGGUXJWKHUDS\PD\
EH HIIHFWLYH E\ UHGXFLQJ GHSUHVVLRQ DQ[LHW\ DQG LPSXOVLYH DJJUHVVLRQ
0XFKPRUHUHVHDUFKLVQHHGHGLQWKHXQGHUVWDQGLQJDQGPDQDJHPHQWRIWKLV
PRVWGLVDEOLQJFOLQLFDOFRQGLWLRQ&XUUHQW UHVHDUFKVWUDWHJLHV IRFXVRQ WKH
QHXURELRORJLFDOXQGHUSLQQLQJVRIWKHGLVRUGHUDQGWKHGHYHORSPHQWRIPRUH
HI¿FDFLRXVDQGFRVWHIIHFWLYHWUHDWPHQWV
/4(%2¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
5HIHUHQFHV
/LHE.%RUGHUOLQH3HUVRQDOLW\'LVRUGHU/DQFHW
6
0RUSKRORJLFDO&RUUHODWHVRI%3'(YLGHQFHIRU)URQWROLPELF
$EQRUPDOLWLHV
&KULVWLDQ6FKPDKO
&HQWUDO,QVWLWXWHRI0HQWDO+HDOWK0DQQKHLP*HUPDQ\
1HXURLPDJLQJ UHVHDUFK LQ %RUGHUOLQH 3HUVRQDOLW\ 'LVRUGHU %3' VWDUWHG
DERXW  \HDUV DJR DQG WKH ODVW KDOI GHFDGH KDV EURXJKW DQ HQRUPRXV
LQFUHDVH LQVWUXFWXUDO LPDJLQJ UHVHDUFK7KLV UHVHDUFKKDVEHHQVWLPXODWHG
E\QHXURLPDJLQJLQYHVWLJDWLRQVLQ3RVWWUDXPDWLF6WUHVV'LVRUGHU376'DQG
%3'DUHERWKFKDUDFWHUL]HGE\VWUHVVIXO OLIHHYHQWVDQGV\PSWRPVRIERWK
GLVRUGHUV DUH WKRXJKW WR EH UHODWHG WR QHXURELRORJLFDO DOWHUDWLRQV EURXJKW
DERXWE\WUDXPDWLFH[SHULHQFHV&RQHTXHQWO\QHXURLPDJLQJPHWKRGRORJLHV
HJYROXPHWU\RIKLSSRFDPSXVDQGDP\JGDODKDYHEHHQWUDQVIHUUHGIURP
QHXURLPDJLQJ UHVHDUFK LQ 376' WR %3' 7KH UHVXOWV RI VWUXFWXUDO LPDJ
LQJ VWXGLHV DUH FRQVLVWHQWZLWK VPDOOHU KLSSRFDPSDO DVZHOO DV DP\JGDOD
YROXPHV LQDGXOWSDWLHQWVZLWK%3'7KH¿QGLQJRI UHGXFHGKLSSRFDPSDO
YROXPHLVFRQVLVWHQWZLWKPDQ\VWXGLHVLQ376'DP\JGDODYROXPHUHGXF
WLRQ KRZHYHU VHWV %3' DSDUW IURP 376' ZKHUH WKH DP\JGDOD VHHP WR
EH VWUXFWXUDOO\XQDIIHFWHG)XUWKHUPRUH YROXPH UHGXFWLRQVZHUH IRXQG LQ
SUHIURQWDOEUDLQUHJLRQVRISDWLHQWVZLWK%3'
6
1HXURFKHPLFDO$EQRUPDOLWLHVLQ3DWLHQWVZLWK%3'(YLGHQFH
IURP056SHFWURVFRS\6WXGLHV
/XGJHU7HEDUW]YDQ(OVW
8QLYHUVLW\RI)UHLEXUJ*HUPDQ\
0%RKXV15VFK-+HQQLJ'(EHUW./LHE
2EMHFWLYHV 6WUXFWXUDO DQG IXQFWLRQDO DP\JGDOD DEQRUPDOLWLHV KDYH EHHQ
UHSRUWHG LQSDWLHQWVZLWKERUGHUOLQHSHUVRQDOLW\GLVRUGHU %3'+RZHYHU
WKHSDWKRSK\VLRORJLFDOXQGHUSLQQLQJVRIWKHVHDEQRUPDOLWLHVDUHXQFOHDU,Q
WKLVSLORWVWXG\ZHSHUIRUPHGDVLPXOWDQHRXVPRUSKRPHWULFDQGPDJQHWLF
UHVRQDQFH VSHFWURVFRSLF 056 LQYHVWLJDWLRQ RI WKH DP\JGDOD WR IXUWKHU
VSHFLI\WKHQHXURFKHPLFDOQDWXUHRIWKHUHSRUWHGDEQRUPDOLWLHV
0HWKRGV8PHGLFDWHGIHPDOHSDWLHQWVZLWK%3'DQGJURXSPDWFKHGKHDOWK\
IHPDOH FRQWUROV ZHUH VWXGLHG 6KRUW HFKR DEVROXWH TXDQWL¿FDWLRQ VLQJOH
YR[HO056 DQG VWUXFWXUDO GDWD ZHUH DFTXLUHG $P\JGDOD KLSSRFDPSDO
RUELWRIURQWDODQGWRWDOEUDLQYROXPHVDVZHOODVDEVROXWHFRQFHQWUDWLRQVRI
1DFHW\ODVSDUWDWH1$$FUHDWLQH&UDQGFKROLQH&KRRIWKHDP\JGDOD
ZHUHTXDQWL¿HG
5HVXOWV:HIRXQGDVLJQL¿FDQWUHGXFWLRQRIDP\JGDODYROXPHVDVZHOODV
DVLJQL¿FDQWLQFUHDVHRIDP\JGDODFUHDWLQHFRQFHQWUDWLRQVLQ%3'SDWLHQWV
7KHUHZDV D QHJDWLYH FRUUHODWLRQ EHWZHHQ DP\JGDOD YROXPH DQG FUHDWLQH
FRQFHQWUDWLRQ$P\JGDOD FUHDWLQH FRQFHQWUDWLRQFRUUHODWHGSRVLWLYHO\ZLWK
PHDVXUHVRIDQ[LHW\
&RQFOXVLRQV7KLV LV WKH¿UVW VWXG\RI VLPXOWDQHRXV DP\JGDOD05,PRU
SKRPHWU\DQGVSHFWURVFRS\LQWKHQHXURSV\FKLDWULFOLWHUDWXUHGHPRQVWUDWLQJ
D SRVVLEOH OLQN EHWZHHQ DP\JGDOD YROXPH ORVV SV\FKRSDWKRORJ\ DQG D
GLVWXUEHG OLPELF HQHUJ\ PHWDEROLVP DV LQGLFDWHG E\ LQFUHDVHG DP\JGDOD
FUHDWLQHFRQFHQWUDWLRQVLQSDWLHQWVZLWK%3'
6
1HXURELRORJ\RI6XLFLGDO%HKDYLRU
6
1HXURELRORJ\RI6XLFLGH
--RKQ0DQQ
&ROXPELD8QLYHUVLW\86$
0DUN8QGHUZRRG9LFWRULD$UDQJR
2EMHFWLYHV7RVWXG\WKHQHXURELRORJ\RIVXLFLGHWKHPRVWVHYHUHIRUPRI
VXLFLGDOEHKDYLRU
0HWKRGV3RVWPRUWHPEUDLQWLVVXHZDVFROOHFWHGZLWKWKHFRQVHQWRIQH[W
RINLQDWWKHWLPHRIURXWLQHDXWRSV\3V\FKRORJLFDODXWRSV\PHWKRGVJHQHU
DWHGD[LV,DQGD[LV,,'60,9GLDJQRVHVDQGRWKHUFOLQLFDOGHWDLOVLQFOXGLQJ
KLVWRU\RIPHGLFDWLRQWUHDWPHQW$OOFDVHVXQGHUZHQWWR[LFRORJLFDODQDO\VHV
RIERG\ÀXLGVDQGEUDLQ IRU LOOLFLWGUXJVRUPHGLFDWLRQV5HFHSWRUDXWRUD
GLRJUDSK\ LPPXQRF\WRFKHPLFDOO\ JXLGHG PRUSKRPHWLUF TXDQWL¿FDWLRQ
JHQH WUDQVFULSW OHYHOVDQGJHQRW\SLQJ IRUFDQGLGDWHJHQHVZDVFDUULHGRXW
RQVXLFLGHVDQGPDWFKHGFRQWUROVG\LQJIURPRWKHUFDXVHVDQGPRWKDYLQJD
SV\FKLDWULFD[LV,GLDJQRVLV
5HVXOWV0DSSLQJVHURWRQLQUHFHSWRUFKDQJHVORFDOL]HDEQRUPDOLWLHVUHODWHG
WRVXLFLGHWRWKHYHQWURPHGLDOSUHIURQWDOFRUWH[DEUDLQUHJLRQZLWKDUROHLQ
GHFLVLRQPDNLQJ &KDQJHV LQFOXGH IHZHU WUDQVSRUWHU VLWHV DQGPRUH SRVW
V\QDSWLF +7$ ELQGLQJ7KH GLVWULEXWLRQ RI WKHVH FKDQJHV LQ ELQGLQJ LV
IDUPRUHORFDOL]HGDQGTXLWHGLIIHUHQWWRPDMRUGHSUHVVLRQ:HDOVR¿QGLP
SDLUHGVLJQDOWUDQVGXFWLRQIRUWKH+7$UHFHSWRU8SUHJXODWLRQRI+7$
UHFHSWRUVLVVHHQLQVRPHSUHIURQWDOFRUWLFDOUHJLRQVDQGLVUHSRUWHGE\RWKHUV
WREHDVVRFLDWHGZLWKLPSDLUHGVLJQDOWUDQVGXFWLRQ,QWKHEUDLQVWHPVHURW
RQLQQXFOHLWKHUHDUHPRUHQHXURQVDQG73+SURWHLQDQGJHQHH[SUHVVLRQ
EXWOHVVH[SUHVVLRQRIWKHWUDQVSRUWHU7KH+7$DXWRUHFHSWRUELQGLQJDQG
H[SUHVVLRQPD\DOVREHDOWHUHGLQDVH[GHSHQGHQWIDVKLRQ7KHUHODWLRQVKLS
RIWKHVH¿QGLQJVWRIXQFWLRQDOJHQHYDULDQWVLQVHURWRQLQUHODWHGFDQGLGDWH
JHQHVZLOOEHSUHVHQWHGIURPRQJRLQJVWXGLHV
&RQFOXVLRQV6RPHFKDQJHV LQ WKHEUDLQRI VXLFLGHVDUH VLPLODU WR VWUHVV
UHODWHGHIIHFWVLQDQLPDOVWXGLHVVXFKDVXSUHJXODWLRQRIWKH+7$UHFHSWRU
DQG73+LPPXQRUHDFWLYLW\DQGWUDQVFULSW2WKHUFKDQJHVPD\EHUHODWHGWR
JHQHWLFHIIHFWVVXFKDVWKHQXPEHURIVHURWRQLQQHXURQVDQGOHVVWUDQVSRUWHU
H[SUHVVLRQDQGELQGLQJ
5HIHUHQFHV
0DQQ -- 1HXURELRORJ\ RI VXLFLGDO EHKDYLRXU 1DWXUH 5HYLHZV 1HXUR
VFLHQFH
6
,Q9LYR)XQFWLRQDO1HXUR,PDJLQJ3URYLGHV1HZ,QVLJKWVLQWR
WKH6XLFLGDO%UDLQ
.HHVYDQ+HHULQJHQ
8QLWIRU6XLFLGH5HVHDUFK*HQW%HOJLXP
.DWULHQ%HUQDJLH0\ULDP9HUYDHW.XUW$XGHQDHUW
7KLV UHYLHZ RI QHXURLPDJLQJ ¿QGLQJV LQ DWWHPSWHG VXLFLGH SDWLHQWV GH
SUHVVHGQRQVXLFLGDOSDWLHQWV DQGKHDOWK\FRQWUROVZLOO VKRZ WKDW IURPD
QHXURDQDWRPLFDOSRLQWRIYLHZWKHUHLVQRZLQFUHDVLQJLQVLJKWLQWKHUROH
RISUHIURQWDOVXEFRUWLFDOFLUFXLWV LQ WKHGHYHORSPHQWRIVXLFLGDOEHKDYLRXU
WKURXJK WKHLU LQYROYHPHQW LQ WKHPRGXODWLRQ RI WUDLWGHSHQGHQW FRJQLWLYH
DQGRUHPRWLRQDOFKDUDFWHULVWLFV)URPDQHXURELRORJLFDOSRLQWRIYLHZWKH
UROHRIVHURWRQLQLQSDUWLFXODU LVHOXFLGDWHGWKURXJKUHFHSWRUELQGLQJVWXG
LHVDQGWKURXJKWKHVWXG\RIFRUUHODWLRQVEHWZHHQUHFHSWRUELQGLQJLQGLFHV
DQGSV\FKRSDWKRORJLFDO FKDUDFWHULVWLFV7DNHQ WRJHWKHUZLWK WKH UHVXOWV RI
ELRORJLFDOQHXURSV\FKRORJLFDODQGFRJQLWLYHSV\FKRORJLFDOFKDOOHQJHVWXG
LHVQHZLQVLJKWVQRWRQO\LQWRWKHVXLFLGDOEUDLQEXWDOVRLQWRWKHVXLFLGDO
SURFHVVZLOOEHSUHVHQWHG
6
6HURWRQLQ5HODWHG*HQHVDQG9XOQHUDELOLW\WR6XLFLGDO
%HKDYLRXU
$ODLQ0DODIRVVH
'HSDUWPHQWRISV\FKLDWU\8QLYHUVLW\+RVSLWDORI*HQHYD6ZLW]HU
ODQG,16(50(0RQWSHOOLHU)UDQFH
3KLOLSSH&RXUWHW&DWKHULQH%XUHVL
7KHUHDUHPDQ\ULVNIDFWRUVDVVRFLDWHGZLWKYXOQHUDELOLW\WRVXLFLGDOEHKDY
LRXU DQG WKH UHVXOWV RI IDPLO\ VWXGLHV WZLQ VWXGLHV DQG DGRSWLRQ VWXGLHV
VXJJHVW WKDW WKH\ LQFOXGH D JHQHWLF SUHGLVSRVLWLRQ0RUHRYHU WKLV JHQHWLF
VXVFHSWLELOLW\PD\EHVSHFL¿FDQGLQGHSHQGHQWRIWKHJHQHWLFVXVFHSWLELOLW\
WR SV\FKLDWULF GLVRUGHUV DVVRFLDWHG ZLWK VXLFLGDO EHKDYLRXU HJ ELSRODU
GLVRUGHUV VFKL]RSKUHQLD DQG DOFRKROLVP 6HYHUDO JURXSV KDYH FDUULHG
RXWDVVRFLDWLRQVWXGLHVXVLQJDÄFDQGLGDWHJHQHVWUDWHJ\³ZLWKWKHJRDORI
LGHQWLI\LQJWKHJHQHVLQYROYHGLQVXVFHSWLELOLW\WRVXLFLGDOEHKDYLRXU7KHUH
LV FRPSHOOLQJ HYLGHQFH IURP UHVHDUFK LQELRORJLFDO SV\FKLDWU\ WKDW DEQRU
PDOLWLHVLQWKHIXQFWLRQLQJRIWKHFHQWUDOVHURWRQHUJLFV\VWHPDUHLQYROYHGLQ
/4(%2¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
WKHSDWKRJHQHVLVRIVXLFLGDOEHKDYLRXUDQGWKHUHVXOWVRIDVVRFLDWLRQVWXG
LHV VXJJHVW WKDW WKHJHQHFRGLQJ IRU WU\SWRSKDQK\GUR[\ODVHZKLFK LV WKH
VHURWRQLQV\QWKHVLVHQ]\PHDQGWKHVHURWRQLQWUDQVSRUWHUJHQHDUHLQYROYHG
LQVXVFHSWLELOLW\WRVXLFLGDOEHKDYLRXU)XUWKHUPRUHWKHVHJHQHVPD\LQÀX
HQFH WKH VXLFLGDO SKHQRW\SH WKURXJK GLIIHUHQW JHQHJHQH LQWHUDFWLRQV DQG
JHQHHDUO\HQYLURQPHQWLQWHUDFWLRQV&XUUHQWVWXGLHVDLPWRLGHQWLI\HLWKHU
WKHSUHFLVHSKHQRW\SHVDVVRFLDWHGZLWKJHQHVIRUYXOQHUDELOLW\WRVXLFLGDOEH
KDYLRXURUWKHLQWHUPHGLDWHSKHQRW\SHVHJLPSXOVLYLW\DQJHUG\VFRQWURO
DVVRFLDWHGZLWKWKHVHJHQHV
6
$JJUHVVLRQ5HODWHG*HQHVLQ6XLFLGDO%HKDYLRU$Q
,QWHUPHGLDWH3KHQRW\SH6WUDWHJ\LQWKH6HDUFKIRU*HQHWLF
6XVFHSWLELOLW\)DFWRUV
5XMHVFX'DQ
0ROHFXODUDQG&OLQLFDO1HXURELRORJ\'HSDUWPHQWRI3V\FKLDWU\
/XGZLJ0D[LPLOLDQV8QLYHUVLW\0XQLFK1XVVEDXPVWU
0XQLFK*HUPDQ\
'LHWULFK,7KDOPHLHU$+DUWPDQQ$00|OOHU+-*LHJOLQJ,
5LVNRIVXLFLGHUHODWHGEHKDYLRULVVXSSRVHGWREHGHWHUPLQHGE\DFRPSOH[
LQWHUSOD\ RI VRFLRFXOWXUDO IDFWRUV WUDXPDWLF OLIH H[SHULHQFHV SV\FKLDWULF
KLVWRU\SHUVRQDOLW\WUDLWVDQGJHQHWLFYXOQHUDELOLW\7KLVYLHZLVVXSSRUWHG
E\DGRSWLRQDQGIDPLO\VWXGLHVLQGLFDWLQJWKDWVXLFLGDODFWVKDYHDJHQHWLF
FRQWULEXWLRQWKDWLVLQGHSHQGHQWRIWKHKHULWDELOLW\RI$[LV,DQG,,SV\FKR
SDWKRORJ\7KHKHULWDELOLW\IRUVHULRXVVXLFLGHDWWHPSWVZDVHVWLPDWHGWREH
1HXURELRORJLFDOVWXGLHVKDYHVKRZQWKDWVHURWRQHUJLFG\VIXQFWLRQLV
LPSOLFDWHG LQ VXLFLGDO EHKDYLRUV7KHVH ¿QGLQJV VWLPXODWHG WKH LQYHVWLJD
WLRQRIYDULDWLRQVLQVHURWRQHUJLFJHQHVLQWKLVFRQWH[W:HKDYHLQLWLDWHGD
ODUJHVFDOHFDVHFRQWUROJHQHWLFDVVRFLDWLRQVWXG\ZKLFKFRPSULVHVRI
VXLFLGHDWWHPSWHUVDQGKHDOWK\YROXQWHHUVDQGLQYHVWLJDWHGWKHUROHRID
FRPSUHKHQVLYHVHWRIVHURWRQHUJLFFDQGLGDWHJHQHVLQWKLVEHKDYLRU:HZLOO
SUHVHQWQHZGDWDRQDFRPSUHKHQVLYHVHWRIVHURWRQHUJLFFDQGLGDWHJHQHV
6LQFHERWKDJJUHVVLRQUHODWHG WUDLWVDQGVHURWRQHUJLFDFWLYLW\DUHSDUWLDOO\
KHULWDEOHDQGFRUUHODWHLQYHUVHO\YDULDWLRQVLQJHQHVRIWKHVHURWRQHUJLFV\V
WHPPLJKWWKHQWRVRPHH[WHQWDFFRXQWIRUYDULDWLRQVLQDJJUHVVLRQUHODWHG
EHKDYLRU7KXVZHDOVRLQYHVWLJDWHGWKHUHODWLRQVKLSEHWZHHQVHURWRQHUJLF
JHQHVDQGDQJHUDVDVXEW\SHRIDJJUHVVLRQUHODWHGEHKDYLRU
6
1HXURSV\FKLDWULF$VSHFWVRI$,'6
6
7KH9DULHG&OLQLFDO)DFHVRI+,9(QFHSKDORSDWK\
-RVHSK%HUJHU
86$
+,9HQFHSKDORSDWK\$,'6GHPHQWLDFRPSOH[W\SLFDOO\SUHVHQWVZLWKYHU\
VWHUHRW\SLFIHDWXUHV,WH[HPSOL¿HVWKHEURDGFDWHJRU\RIGHPHQWLDVUHIHUUHG
WRDV WKH³VXEFRUWLFDO´GHPHQWLDV LQZKLFKVORZLQJRI WKRXJKWDQGPRYH
PHQWSUHGRPLQDWH&OLQLFDOPDQLIHVWDWLRQVRI WKLVPDODG\ LQFOXGH IDWLJXH
PRRG GLVRUGHUV DSDWK\ DQG VRFLDO ZLWKGUDZDO GLI¿FXOW\ FRQFHQWUDWLQJ
SUREOHPV ZLWK UHDGLQJ DQG UHWHQWLRQ DQG KHDGDFKHV 1RW LQIUHTXHQWO\
DVVRFLDWHGVSLQDOFRUGDQGSHULSKHUDOQHUYHGLVRUGHUVUHVXOWLQJDLWLPSDLU
PHQW DQG SDLQIXO SHULSKHUDO G\VHVWKHVLDHV 3K\VLFDO H[DPLQDWLRQ UHYHDOV
EUDG\SKUHQLDIDFLDOK\SRPLPLDDYDULHW\RIRFXODUPRWLOLW\DEQRUPDOLWLHV
VORZPRWRUPRYHPHQWVLQFUHDVHGPXVFOHWRQHLPSDLUHGFRRUGLQDWLRQDQG
EDODQFHDQGDEQRUPDOSRVWXUHDQGJDLW7KHFOLQLFDOSLFWXUHLVFRQFRUGDQW
ZLWK D SURFHVV LQYROYLQJ WKH EDVDO JDQJOLD DQG GLVSOD\V PDQ\ IHDWXUHV
UHPLQLVFHQW RI 3DUNLQVRQ¶V GLVHDVH1RW VXUSULVLQJO\ WKH EDVDO JDQJOLD RI
DIIHFWHG SHUVRQV GHPRQVWUDWH VLJQL¿FDQW YLUDO EXUGHQ PLFURJOLDO LQ¿OWUD
WLRQDQGDFWLYDWLRQDOWHUHGPHWDEROLVPEORRGEUDLQEDUULHUGLVUXSWLRQDQG
QHXURQDOORVV'RSDPLQHOHYHOVKDYHEHHQGHPRQVWUDWHGWREHGHFUHDVHGLQ
ERWKLQWKH&6)DQGVXEVWDQWLDQLJUDDOWKRXJKGRSDPLQHUJLFWKHUDSLHVKDYH
VKRZQQRFRQVLVWHQWEHQH¿W
2FFDVLRQDOO\+,9HQFHSKDORSDWK\SUHVHQWVHLWKHU LQDQ LQFRPSOHWHRUHQ
WLUHO\XQH[SHFWHGIDVKLRQ3V\FKLDWULFGLVRUGHUVLQFOXGLQJGHOLULXPPDQLD
DQG SV\FKRVLV PD\ GRPLQDWH WKH FOLQLFDO SLFWXUH 6HL]XUHV DQG XQXVXDO
PRYHPHQW GLVRUGHUV PD\ RYHUVKDGRZ RWKHU FRPSRQHQWV RI WKH GLVRUGHU
,Q WKH LQGLYLGXDOZKR LV QRW VXVSHFWHG WR EH+,9LQIHFWHG WKHVH XQXVXDO
SUHVHQWDWLRQVPD\UHVXOWLQGLDJQRVWLFFRQIXVLRQ
7KLVSUHVHQWDWLRQZLOODGGUHVVWKHW\SLFDODQGDW\SLFDOSUHVHQWDWLRQVRI+,9
HQFHSKDORSDWK\WKHLPSRUWDQFHRIPDLQWDLQLQJDKLJKLQGH[RIVXVSLFLRQIRU
+,9 LQIHFWLRQZKHQFRQIURQWHGZLWKXQXVXDOQHXURORJLFDODQGSV\FKLDWULF
GLVRUGHUVDQGWKHYDOXHRIYDULRXVGLDJQRVWLFWRROVZKHQDVVHVVLQJSDWLHQWV
ZLWKWKLVGLVRUGHU,WZLOODOVRDGGUHVVWKHUROHSOD\HGE\WKHFOLQLFDOSLFWXUH
RIWKLVGLVRUGHULQSURYLGLQJLQVLJKWVLQWRGLVHDVHSDWKRJHQHVLV
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0HWKRGV0DFDTXHVZHUHLQIHFWHGZLWKGLIIHUHQWVWUDLQVRI6,9DQGWKHWLPH
FRXUVH RI YLURORJLFDO LPPXQRORJLFDO DQGQHXURFKHPLFDO SDUDPHWHUVZHUH
VWXGLHGLQFHUHEURVSLQDOÀXLG$IWHUQHFURSV\DWGH¿QHGWLPHSRLQWVEUDLQ
WLVVXHZDVWKRURXJKO\DVVHVVHGE\KLVWRSDWKRORJ\DQGQHXURWUDQVPLWWHUV\V
WHPVZHUHDQDO\]HGLQVHYHUDODQDWRPLFDOO\GH¿QHGEUDLQDUHDV,QDGGLWLRQ
PLFURJOLDZDVLVRODWHGIRUH[YLYRVWXGLHV,QRUGHUWRGHYHORSWDUJHWHGQHX
URSKDUPDFRORJLFDOWKHUDSLHVVRPHDQLPDOVZHUHWUHDWHGZLWKGRSDPLQHUJLF
GUXJVVWDUWLQJZHHNVSRVWLQIHFWLRQXQWLOQHFURSV\
5HVXOWV,QWKH6,9PDFDTXHDQLPDOPRGHOWKHYLUDOORDGZLWKLQWKHEUDLQ
FRUUHODWHVZLWKWKHGHYHORSPHQWRIQHXURORJLFDOVLJQVDQGGHSHQGVRQERWK
YLUDO DQG KRVW IDFWRUV ,Q DGGLWLRQ 6,9LQIHFWLRQ OHDGV WR DFWLYDWLRQ RI
PLFURJOLDDQGQHXURFKHPLFDODEQRUPDOLWLHVVXFKDVGHFUHDVHGSRVWV\QDSWLF
OHYHOVRIGRSDPLQHDOUHDG\HDUO\LQWKHFRXUVHRIWKHGLVHDVHZKHQRQO\IHZ
LQIHFWHG FHOOV FDQ EH IRXQG LQ WKH EUDLQ+RZHYHU WKHVH HIIHFWV DUHPRUH
SURQRXQFHG LQ DQLPDOV ZLWK KLJK LQWUDWKHFDO YLUDO UHSOLFDWLRQ$FWLYDWLRQ
RI PLFURJOLD LV DVVRFLDWHG ZLWK WKH SURGXFWLRQ RI SRWHQWLDOO\ QHXURWR[LF
VXEVWDQFHV VXFKDV71)RUJOXWDPDWH ,QYLWURZHZHUHDEOH WR VXSSUHVV
71)V\QWKHVLVDQG6,9UHSOLFDWLRQLQPLFURJOLDE\DQWLLQÀDPPDWRU\GUXJV
7UHDWPHQW RI 6,9LQIHFWHG PRQNH\V ZLWK GRSDPLQHUJLF GUXJV UHVWRUHG
GRSDPLQH GH¿FLWV +RZHYHU KLVWRSDWKRORJLFDO DQDO\VLV UHYHDOHG YDFXROL
]DWLRQ RI WKH JUD\ PDWWHU DQG LQFUHDVHG YLUDO DQG 71) 51$H[SUHVVLRQ
$FFRUGLQJWRDGGLWLRQDOSKDUPDFRORJLFDOH[SHULPHQWVWKHDGYHUVHHIIHFWVRI
GRSDPLQHUJLFWUHDWPHQWVHHPVWREHWKHUHVXOWRIDSRWHQWLDWLRQRIR[LGDWLYH
VWUHVVIRXQGLQ6,9LQIHFWHGPRQNH\VWKURXJKLQFUHDVHGH[WUDFHOOXODUOHYHOV
RIGRSDPLQH
&RQFOXVLRQV2XUUHVXOWVVXJJHVWWKDWORZOHYHODFWLYDWLRQRIPLFURJOLDPD\
EHUHVSRQVLEOHIRUWKHREVHUYHGDOWHUDWLRQVLQQHXURWUDQVPLWWHUV\VWHPVGXU
LQJ WKHHDUO\DV\PSWRPDWLFVWDJHRI6,9LQIHFWLRQ ,Q WKLVSKDVH WKHEUDLQ
VHHPVWREHH[TXLVLWHO\VHQVLEOHWRR[LGDWLYHVWUHVV
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SRLQW WR DQ DOWHUDWLRQ RI WKH GRSDPLQHUJLF SDWKZD\V DOWKRXJK WKH H[DFW
QHXURSDWKRJHQHVLVRI+,9LQGXFHGEUDLQGDPDJHLVVWLOOXQNQRZQ
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,QDSURVSHFWLYHPXOWLFHQWHUVWXG\KRPRDQGELVH[XDOZKLWH
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6XSSOHPHQW
PHQLQGLYLGXDOVIURPHDUO\LQIHFWLRQVWDJHV&'&$$%DQG%
ZLWKRXWVSHFL¿FWUHDWPHQWIURPWKHVDPHVWDJHVZLWKPHGLFDWLRQIURP
ODWHVWDJHV%&IURPWKHVDPHVWDJHVZLWKPHGLFDWLRQDQGIRXUGUXJ
DEXVHUV ZLWK DQWLUHWURYLUDO PHGLFDWLRQ KDYH EHHQ H[DPLQHG E\ FOLQLFDO
HOHFWURSK\VLRORJLFDO QHXURSV\FKRORJLFDO DQG QHXURLPDJLQJ SURFHGXUHV
FHUHEURVSLQDOÀXLG&6)DQDO\VLVZDVSHUIRUPHGLQFOXGLQJYLUDOORDG9/
DQGQHXURFKHPLVWU\H[DPLQDWLRQRIGRSDPLQHVHURWRQLQHDQGQRUDGUHQDOLQH
PHWDEROLVP
5HVXOWV7KHFOLQLFDO¿QGLQJVZHUHXQUHPDUNDEOH LQDOORI WKHSDWLHQWV ,Q
QHXURSV\FKRORJLFDODQGHOHFWURSK\VLRORJLFDOH[DPLQDWLRQVWKHZKROHFRKRUW
UHYHDOHGSV\FKRPRWRUVORZLQJFRPSDUHGWRQRUPDOFRQWUROV5RXWLQHLPDJ
LQJSURFHGXUHVUHYHDOHGDVZHOOQRRUPLQRUDEQRUPDOLWLHVZKHUHDVRI
WKHSDWLHQWVKDGKLJKHU&6)WKDQSODVPDYLUDO ORDGV7KHSDWLHQWV LQHDUO\
VWDJHVKDGWKHKLJKHVWYDOXHVZLWKLQÀDPPDWRU\&6)¿QGLQJVZKHUHDVWKH
JURXS RI WUHDWHG ODWH VWDJH LH$,'6SDWLHQWV KDG WKH KLJKHVW SHUFHQW
DJH RI LQGLYLGXDOVZLWK HIIHFWLYHO\ VXSSUHVVHG SODVPD YLUDO ORDG EXW ORZ
UHSOLFDWLRQUDWHVLQWKH&6)WKHODWWHUQRWDFFRPSDQLHGE\EORRGEUDLQEDU
ULHUGLVUXSWXUH7KHVHSDWLHQWVSHUIRUPHGZRUVH LQQHXURFRJQLWLYH WHVWLQJ
1HXURFKHPLVWU\DQDO\VLVUHYHDOHGDQDFFHOHUDWHGGRSDPLQHDQGVHURWRQLQH
EXW D QRUPDO QRUDGUHQDOLQH PHWDEROLVP SRLQWLQJ WR WKH SDWKRJHQHVLV RI
+,9UHODWHGGHSUHVVLRQ
&RQFOXVLRQV(DUO\VWDJHSDWLHQWV±LILPPXQRORJLFDOO\VWDEOHDUHQRWWUHDW
HGDFFRUGLQJWRWKHDFWXDOWUHDWPHQWJXLGHOLQHVDVZHOODVODWHVWDJHSDWLHQWV
ZLWKVXSSUHVVHGSODVPD9/DUHQHYHUWHVWHGIRU&6)9/RUHYHQSKDUPDFR
UHVLVWDQFLHVLQWKLVFRPSDUWPHQW,IWKHVHUHVXOWVFDQEHUHSURGXFHGLQODUJHU
FRKRUWVWKHUDSHXWLFSURFHGXUHVZLOOKDYHWREHUHYLVHG
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5HVXOWV$'&KDVFKDQJHGLQWKHHUDRI+$$57LQUHODWLRQWRWKHHSLGHPL
RORJ\V\PSWRPDWRORJ\DQGGLDJQRVLV(SLGHPLRORJLFDOO\WKHLQFLGHQFHKDV
KDOYHGEXWWKHSUHYDOHQFHKDVGRXEOHGDSSUR[LPDWHO\$'&SDWLHQWVDUHQRZ
OLYLQJORQJHULQGHHGWKHPHGLDQWLPHWRGHDWKKDVFRQVLGHUDEO\LQFUHDVHGWR
PRQWKVIURPWKHWLPHRIGLDJQRVLV7KHV\PSWRPDWRORJ\RI$'&FDVHV
KDVDOVRDOWHUHGSDWLHQWVZKRGHYHORSWKHGLVRUGHUZKLOHWDNLQJ+$$57DUH
PXFKPRUHOLNHO\WRKDYHPLOGGLVHDVH±VHYHUH$'&QRZXVXDOO\RFFXUVLQ
WKHUDS\QDwYHSDWLHQWVRULQWKRVHZKRKDYHFHDVHGWUHDWPHQWEHFDXVHRISDQ
DQWLUHWURYLUDOGUXJUHVLVWDQFH7KHGLDJQRVLVRI$'&LVQRZPRUHGLI¿FXOW
7ZRFULWLFDOFRQFHSWVKDYHHPHUJHG,WLVQRZDSSDUHQWWKDWVRPHSDWLHQWV
PD\KDYHLQDFWLYH$'&RUSHUKDSVHYHQDPRUHFKURQLFIRUPRIWKHGLVRUGHU
&OLQLFDOO\WKHSDWLHQWVUHPDLQVWDEOHZLWK¿[HGQHXURORJLFDOGH¿FLWVRYHUWKH
REVHUYHG WLPHSHULRGV±PRQWKV WR\HDUV ,QGHHG LW LVQRZSURSRVHG WKDW
$'&EHFRQVLGHUHGDVDFWLYHRULQDFWLYHDQGWKDWDFWLYHGLVHDVHEHIXUWKHUGL
YLGHGLQWRSURJUHVVLYHVWDEOHDQGUHJUHVVLYH,WLVQRZLPSRUWDQWWRGHYHORS
PHWKRGVRIGLDJQRVLQJ WKHVHSRVVLELOLWLHV ³LQ UHDO WLPH´ UDWKHU WKDQ UHWUR
VSHFWLYHO\7KHGLDJQRVLVRI$'&LVQRZPRUHGLI¿FXOWEHFDXVHSDWLHQWVDUH
OLYLQJORQJHUDQGVRDUHPRUHYXOQHUDEOHWRWKHFRQIRXQGLQJHIIHFWVRIRWKHU
FRQGLWLRQVVXFKDVKHSDWLWLV&DQGSRVVLEO\RWKHUPRUHFRQWURYHUVLDOFRQGL
WLRQV VXFKDV WHVWRVWHURQHGH¿FLHQF\DQGSRVVLEO\HYHQDQ$O]KHLPHU OLNH
LOOQHVV0RUHRYHUWKHSUH+$$57FOXHWRWKHSRVVLELOLW\RI$'&QDPHO\D
ORZ&'FHOOFRXQWQRORQJHULVWUXH±WKHDYHUDJH&'FHOOFRXQWIRU$'&
SDWLHQWVKDVSURJUHVVLYHO\ULVHQRYHUWKHODVWIHZ\HDUV7KHUHDVRQVIRUWKLV
DUHXQFOHDU)XUWKHUPRUHDQFLOODU\LQYHVWLJDWLRQVWKDWSUHYLRXVO\ZHUHKHOS
IXOLQWKHGLDJQRVLVRI$'&VXFKDV&6)DQDO\VHVIRU+,9YLUDOORDGDQGLP
PXQHDFWLYDWLRQPDUNHUVQRZDUHHLWKHUQRUPDORUPDUJLQDOO\HOHYDWHG7KLV
PD\ EH UHODWHG WR UHSHDWHGPLQRU FHUHEUDO LQVXOWV HYHQWXDOO\ RXWVWULSSLQJ
FRPSHQVDWRU\PHFKDQLVPV±WKHFRPSHQVDWRU\IDLOXUHPRGHO
&RQFOXVLRQV7KXV$'& LQ WKH HUD RI+$$57 LV DPXFKPRUH FRPSOH[
GLDJQRVLV7KHQHZSUREOHPRIDGGLWLRQDOFRQIRXQGV WR WKHGLDJQRVLV WKH
GHFOLQLQJ XWLOLW\ RI SUHYLRXV PDUNHUV DQG WKH GLI¿FXOWLHV DVVRFLDWHG ZLWK
GHWHUPLQLQJWKHGHJUHHRIDFWLYLW\RI$'&DUHDOOLVVXHVIRUIXWXUHUHVHDUFK
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PDFRNLQHWLFDQGELRFKHPLFDOVWXGLHVWR¿QGRXWZKLFKIDFWRUVZHUHDVVRFL
DWHGWR136(LQSDWLHQWVWDNLQJHIDYLUHQ]
0HWKRGV)LUVWZHFRQGXFWHGDSURVSHFWLYHVWXG\XVLQJVWDQGDUGL]HGLQVWUX
PHQWVWRDVVHVVFOLQLFDOEDVHOLQHYDULDEOHVDEOHWRSUHGLFWQHXURSV\FKLDWULF
VLGHHIIHFWVDIWHULQLWLDWLRQRIHIDYLUHQ],QDODWHUVWXG\ZHDVVHVVHGZKHWKHU
WKHLQLWLDWLRQRI()9SURGXFHGQHXURFRJQLWLYHGLVWXUEDQFHVDQGLIWKH\ZHUH
FRUUHODWHGZLWK()9SODVPD OHYHOV)LQDOO\ LQ DSURVSHFWLYH VWXG\ZH LQ
YHVWLJDWHG LI()9QHXURSV\FKLDWULF VLGH HIIHFWVZHUHGXH WR DGLVWXUEDQFH
LQ VHURWRQHUJLF IXQFWLRQLQJ :H XVHG SODWHOHW DJJUHJDWLRQ DV DQ LQGLUHFW
PHDVXUHRIVHURWRQLQHIXQFWLRQLQJ
5HVXOWV ,Q WKH ¿UVW VWXG\ ORZHU OHYHO RI HGXFDWLRQ SDWLHQWV ZLWK PRUH
SK\VLFDO FRPSODLQWV VRPDWL]LQJ SDWLHQWV ZHUH DW JUHDWHU ULVN RI PRUH
136( 1HLWKHU D SHUVRQDO KLVWRU\ QRU D SUHVHQW GLDJQRVH RI SV\FKLDWULF
GLVRUGHUVZHUHDVVRFLDWHGWRPRUH136(,QWKHVHFRQGVWXG\ZHGLGQRW
¿QGDQ\FRUUHODWLRQEHWZHHQ()9SODVPDOHYHOVDQGWKHSHUIRUPDQFHRIDQ\
QHXURSV\FKRORJLFDOWHVW)LQDOO\LQWKHWKLUGVWXG\ZHIDLOHGWRGHPRQVWUDWH
DQ\FKDQJHRISODWHOHWDJJUHJDWLRQDIWHULQLWLDWLRQRI()9WUHDWPHQW
&RQFOXVLRQV2QEHKDOIRIWKHUHVXOWVRIRXUVWXGLHVZHFRQFOXGHGWKDWGH
VSLWHRIWKHKLJKSUHYDOHQFHRIQHXURSV\FKLDWULFVLGHHIIHFWVGXHWRDQWLYLUDO
WUHDWPHQWVREVHUYHG LQSUHYLRXVVWXGLHVZH IDLOHG WRGLVFRYHUDQ\ IDFWRUV
WKDWFRXOGH[SODLQWKHPHFKDQLVPRIDFWLRQRIWKHVHVLGHHIIHFWV
5HIHUHQFHV
0D[ZHOO66FKHIWQHU:$.HVVOHU+$%XVFK.0DQLFV\QGURPHDVVRFL
DWHGZLWK]LGRYXGLQH-$0$
%ODQFK-&RUEHOOD%*DUFLD)3DUHOODGD(*DWHOO-00DQLFVtQGURPHDV
VRFLDWHGZLWKHIDYLUHQ]RYHUGRVH&OLQ,QIHFW'LV
0RUOHVH -) 4D]L 1$ *D]]DUG %* 1HOVRQ 05 1HYLUDSLQHLQGXFHG
QHXURSV\FKLDWULF FRPSOLFDWLRQV D FODVV HIIHFW RI QRQQXFOHRVLGH UHYHUVH
WUDQVFULSWDVHLQKLELWRUV"$,'6
/DJXQR0%ODQFK-0XULOODV-%ODQFR-//HRQ$/RQFD0/DUURXVVH
0%LJOLD$0DUWLQH](*DUFLD)0LUR-0'H3DEOR-*DWHOO-00DO
ORODV-'HSUHVVLYHV\PSWRPVDIWHULQLWLDWLRQRILQWHUIHURQWKHUDS\LQKXPDQ
LPPXQRGH¿FLHQF\YLUXVLQIHFWHGSDWLHQWVZLWKFKURQLFKHSDWLWLV&$QWLYLU
7KHU
%ODQFK-0DUWLQH](5RXVDXG$%ODQFR-/*DUFtD9LHMR0$3HUL-0
0DOORODV-'H/D]]DUL('H3DEOR-*DWHOO-03UHOLPLQDU\GDWDRIDSUR
VSHFWLYHVWXG\RQQHXURSV\FKLDWULFVLGHHIIHFWVDIWHULQLWLDWLRQRIHIDYLUHQ]-
$FTXLULPPXQH'H¿F6\QGU
)RVWHU52ODMLGH'(YHUDOO -3$QWLUHWURYLUDO WKHUDS\LQGXFHGSV\FKRVLV
FDVHUHSRUWDQGEULHIUHYLHZRIWKHOLWHUDWXUH+,90HG
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
9RQ*LHVHQ+-.ROOHU+GH1RFNHU'+DVOLQJHU%$$UHQGW*/RQJWHUP
VDIHW\DQGHI¿FDF\RI1157,ZLWKLQWKHFHQWUDOQHUYRXVV\VWHP+,9&OLQ
7ULDOV
6
3V\FKLDWULF&RQVHTXHQFHVRIWKH$VLDQ7VXQDPL
6
3V\FKLDWULF&RQVHTXHQFHVRIWKH$QGDPDQ7VXQDPLLQ
6RXWKHUQ7KDLODQG
3LFKHW8GRPUDWQ
'HSDUWPHQWRI3V\FKLDWU\)DFXOW\RI0HGLFLQH3ULQFHRI6RQJNOD
8QLYHUVLW\7KDLODQG
6RPFKDL&KDNUDEKDQGKX
7KH$QGDPDQWVXQDPLWKDWRFFXUUHGLQVRXWKHUQ7KDLODQGRQ'HFHPEHU
NLOOHG DW OHDVW SHRSOH ERWK7KDL DQGYLVLWRUV:LWKLQ DPRQWK
 VXUYLYRUV ZHUH VHHNLQJ SV\FKLDWULF KHOS )RU WKRVH ZKR UHFHLYHG
VHUYLFHVUHFHLYHGFRXQVHOLQJHLWKHUDVDQ LQGLYLGXDORQ LQDJURXS
VHVVLRQQHHGHGSV\FKRWURSLFGUXJVDQGZHUHUHIHUUHGWRPDMRU
SURYLQFLDOKRVSLWDOVRUSV\FKLDWULFKRVSLWDOV0RVWSDWLHQWVZKRKDGVHYHUH
V\PSWRPVDQGQHHGHGKRVSLWDOL]DWLRQZHUHVFKL]RSKUHQLFFDVHVZKLFKKDG
RULJLQDOO\ VWDELOL]HG IRU D SHULRG RI WLPH EXW EHFDPH H[DFHUEDWHG DIWHU
ZDWFKLQJRU OLVWHQLQJ WR WVXQDPLQHZV9HU\ IHZFDVHVZHUHGLDJQRVHGDV
DFXWHVWUHVVGLVRUGHU¿UVWHSLVRGHDIWHUH[SHULHQFLQJWKLVWUDXPDWLFHYHQW
7KRVHZKROLYHGLQ3KDQJ1JDDQG.UDELSURYLQFHVWKHDUHDVZRUVWKLWE\
WKH WVXQDPLZHUHDPRQJ WKH ODUJHVWJURXSZKRKDG VHYHUHPHQWDOKHDOWK
VWDWXV DV DVVHVVHG E\ WKH*HQHUDO +HDOWK4XHVWLRQQDLUH *+4 DQGZHUH
DPRQJWKHODUJHVWJURXSZKRQHHGLQWHQVLYHSV\FKRORJLFDOLQWHUYHQWLRQ5H
JDUGLQJWKHV\PSWRPVGLI¿FXOW\VOHHSLQJZDVWKHPRVWFRPPRQV\PSWRP
DPRQJDGROHVFHQWVDGXOWVDQGROGDJHSHUVRQVFRYHULQJWKHDJHJURXSVRI
\HDUVDQGRYHU,QFKLOGUHQDWWHQWLRQVHHNLQJEHKDYLRXUZDVWKHPRVW
FRPPRQV\PSWRP3HRSOH\HDUVDQGRYHUKDGPRUHDQ[LHW\DQGGHSUHV
VLRQDQGKLJKHUVHYHUHPHQWDOKHDOWKVWDWXVWKDQSHRSOHLQRWKHUDJHJURXSV
,QFRPSDULVRQEHWZHHQPDOHVDQGIHPDOHVLWZDVIRXQGWKDWIHPDOHVKDGD
KLJKHUSHUFHQWDJHRIDQ[LHW\DQGGHSUHVVLYH V\PSWRPVDQGVHYHUHPHQWDO
VWDWHVWKDQPDOHVDVH[SHFWHG
&RQ¿UPHGH[SHULHQFHZRUOGZLGHKDVGHPRQVWUDWHGDKLJKOHYHORISHUVLVWHQW
PHQWDOKHDOWKSUREOHPVLQWKHDIWHUPDWKRIQDWXUDODQGPDQPDGHGLVDVWHUV
:HKDYHWKHUHIRUHLQVWLWXWHGDORQJWHUPSODQIRUWKHSURYLVLRQRISV\FKLDWULF
DQGRWKHUPHQWDOKHDOWKVHUYLFHVIRUWKHVHGLVDVWHUVXUYLYRUVDQGZLOOFORVHO\
PRQLWRUWKRVHLQWKHKLJKULVNJURXSZKRPLJKWEHSURQHWRSRVWWUDXPDWLF
VWUHVVGLVRUGHULQWKHQHDUIXWXUH
6
(PHUJHQFHRI3V\FKLDWULF'LVRUGHUV)ROORZLQJWKH7VXQDPL
6DURMD.ULVKQDVZDP\
'HSDUWPHQWRI3V\FKLDWU\)DFXOW\RI0HGLFLQH1DWLRQDO8QLYHU
VLW\RI0DOD\VLD0DOD\VLD
$WDERXWSPRQWKH'HFHPEHUSLFQLFNHUVDQGKROLGD\PDN
HUVZHUHRXWHQMR\LQJ WKHEHDXWLIXOEHDFKHVRI3HQDQJZLWK WKHLU IDPLOLHV
DQG IULHQGV0DQ\ZHUH FXULRXV DERXW WKH CZKLWLVKµ DQG CEHDXWLIXOZDYHV
Ã WKDWZHUHDSSURDFKLQJWKHPDQGZHUHLQWULJXHGZKHQWKHZDYHVUHFHGHG
H[SRVLQJ VWUHWFKHVRIEHDFKZLWK VHD OLIH LQFOXGLQJ¿VKHV DQGSODQW IRUP
,QVHFRQGVKXJHZDYHVUHDFKLQJPHWUHVÃDVWDOODVFRFRQXWWUHHVµKLW
WKHPFRQVHFXWLYHO\DQGPDQ\RIWKRVHRQWKHEHDFKZHUHVXFNHGLQVZLUOHG
DURXQGDQGGLVDSSHDUHG IURP VLJKW&KLOGUHQSOD\LQJ DW WKHEHDFKHVZHUH
PRVWYXOQHUDEOHDQGZHUHXQDEOHWRZLWKVWDQGWKHIHURFLW\DQGSRZHURIWKH
ZDYHV6RPHDGXOWVZHUHDEOH WRKROGRQ WR WKHURFNV WUHHVDQGEUDQFKHV
DQG VXUYLYHG WR GHVFULEH WKHLU H[SHULHQFHV ,Q VRPH SDUWV RI 3HQDQJ WKH
ZDYHVODVKHGRXWDWKRXVHVDQGSURSHUW\KXUOLQJFDUVWHOHYLVLRQVDQGRWKHU
KRXVHKROGLWHPVDFURVVWKHURDGEHKLQGWKHEHDFKHVLQWRWKHKLOOV
:LWKLQ WKH¿UVWZHHNSULPDU\KHDOWKFDUHZRUNHUV LQ WKH LVODQGZHUHDFWL
YDWHG DQG WUDLQHG WR SURYLGH CSV\FKRORJLFDO ¿UVW DLGµZKLOH LQ WKH VHFRQG
ZHHNWKHVHFRQGWLHUKHDOWKFDUHJLYHUVVWDUWHGSURYLGLQJPRUHVSHFLDOLVHG
VHUYLHVDWDKHDOWKFHQWUH
7KLVSDSHUIRFXVVHVRQGHVFULELQJWKHW\SHVRIFDVHVWKDWZHUHVHHQE\WKH
SULPDU\FDUHWHDPDQGWKHVHFRQGDU\OHYHOVHUYLFHVSURYLGHGE\WKHVHFRQG
WLHUSURIHVVLRQDOV,QWHUYHQWLRQVZLOOEHGHVFULEHGWKDWXVHGSKDUPRFRWKHUD
S\DQGRWKHUEHKDYLRUDOWHFKQLTXHV$IROORZXSRIFDVHVZLOOEHGHVFULEHGDV
VXUYLYRUVDUHVHHQPRUHRIWHQLQWKHIRUPRIDQDWXUDOLVWLFFRKRUW3URI
6
0HQWDO+HDOWK%XUGHQ)ROORZLQJ7VXQDPL'LVDVWHULQ6ULODQND
+DULVFKDQGUD*DPEKHHUD
6ULODQND
7RWKHWLPHLPPHPRULDOWKHZRUVWHYHUWUDJHG\H[SHULHQFHGE\6UL/DQNDQV
KDG EHHQ WKH GHVWUXFWLRQ FDXVHG E\ WKH7VXQDPL RQ'HFHPEHU  
7KHVHWLGDOZDYHVGHVWUR\HGPRUHWKDQôRIWKHFRVWDOPDUJLQRI6UL/DQND
'XULQJWKLVGLVDVWHUPRUHWKDQSHRSOHKDGORVWWKHLUOLYHVWKRXVDQGV
RIFKLOGUHQKDGEHFRPHRUSKDQVPRUHWKDQZHUHLQMXUHGDQGIXUWKHU
 SHRSOH DUH GRFXPHQWHG DV PLVVLQJ 'HVWUXFWLRQ RI DSSUR[LPDWHO\
KRXVHVKDGPDGHDURXQGSHRSOHOHIWKRPHOHVV
$ ODUJHQXPEHURIGLUHFWVWUHVVJHQHUDWLRQVFHQDULRVZRXOGKDYHRFFXUUHG
GXULQJWKHGLVDVWHU&RQVLGHULQJVSHHGZLWKZKLFKWKHHVFDSHGFKLOGUHQDQG
DGXOWVKDYHORVWWKHLUORYHGRQHVWKHUHVXOWLQJVWUHVVZRXOGKDYHEHHQXQ
LPDJLQDEOH,QDGGLWLRQWKHUHDUHHQRUPRXVORVVHVLQUHODWLRQWRGLVDELOLWLHV
KRXVHV FORWKV YHKLFOHV OLYHOLKRRGV HWF 2Q WKH RWKHU KDQG GLVUXSWLRQ RI
IDPLO\VWUXFWXUHVGXHWRORVVRIPHPEHUVFRXOGUHVXOWLQYHU\FRPSOH[SV\
FKRVRFLDOSUREOHPV$OOWKHVHIDFWRUVFRXOGSRVHDIRUPLGDEOHSV\FKRVRFLDO
GDPDJH+RZHYHUDVQDWXUDOGLVDVWHUVDUHDOPRVWXQKHDUGGXULQJWKHUHFHQW
SDVWLQ6UL/DQNDWKHUHLVQRWPXFKHYLGHQFHRQZKLFKWKHDVVHVVPHQWVRI
SV\FKRORJLFDOGDPDJHVFRXOGEHEDVHG1HYHUWKHOHVVH[SHFWHGSV\FKRORJL
FDOVHTXDODHZRXOGEHDVKLJKDVIROORZLQJDQ\RWKHUGLVDVWHUSHUKDSVZRXOG
EHPRUH
3RVW GLVDVWHU SV\FKRORJLFDO LQWHUYHQWLRQV VKRXOG EH ÀH[LEOH DQG EDVHG
RQ DQG RQJRLQJ DVVHVVPHQW RI QHHGV 7KH HPRWLRQDO UHDFWLRQV VKRXOG EH
XQGHUVWRRGEDVHGRQWKHPDQLIHVWDWLRQRIYDULRXVVWUHVVUHDFWLRQVOHYHORI
LQGLYLGXDO HIIRUW LQYHVWHG E\ WKH SHRSOH IRU WKHLU RZQ UHFRQVWUXFWLRQ WKH
SDWWHUQDQGGHJUHHRIGLVDELOLW\DVDUHVXOWRIWKHVHSV\FKRORJLFDOVWUHVVHWF
7KLV LVDIRUPLGDEOHFKDOOHQJH WR WKHPHQWDOKHDOWKVHUYLFHVRI6UL/DQND
2QWKHRWKHUKDQGWKHUHLVOLWWOHH[SHULHQFHDPRQJ6UL/DQNDQPHQWDOKHDOWK
VHUYLFHSHUVRQQHOLQWHUPVRIPDQDJLQJSRVWGLVDVWHUSV\FKRORJLFDOVTXHDOV
7KHVHGH¿FLHQFLHVZRXOGDIIHFWFKLOGUHQPRUHWKDQRWKHUV7KLVSUREOHPLV
HYHQPRUHFRQIRXQGHGE\WKHXQGHUGHYHORSHGQDWXUHRIWKHH[LVWLQJPHQWDO
KHDOWKVHUYLFHVLQ6UL/DQND
7KHPLQLVWU\RIKHDOWKWRJHWKHUZLWK6UL/DQND&ROOHJHRI3V\FKLDWULVWKDG
WDNHQDQLQLWLDWLYHWRH[SDQGWKHFXUUHQWPHQWDOKHDOWKVHUYLFHVLQRUGHUWR
JLYHSULRULW\ WR WKH DIIHFWHG DUHDV7KHSODQRI DFWLRQ LV EDVHGRQ VHYHUDO
REMHFWLYHVVXFKDVFDSDFLW\EXLOGLQJDQGWKHPRELOL]DWLRQRIH[LVWLQJPHQWDO
J?KHDOWKVHUYLFHSURYLGHUVUHFUXLWPHQWDQGWUDLQLQJRIQHZVHUYLFHSHUVRQ
QHOHVWDEOLVKPHQWRISV\FKRVRFLDOVXSSRUWFHQWHUVLQWKHDIIHFWHGDUHDVDQG
HPSOR\LQJWUDLQHGPHQWDOKHDOWKVHUYLFHSURYLGHUVWRLGHQWLI\DQGUHIHUWKRVH
ZLWKDFXWHSUREOHPVHWF
6
0HQWDO+HDOWK(IIHFWRI7VXQDPL'LVDVWHULQ$FHK3URYLQFH
,QGRQHVLD
$OEHUW0DUDPLV
'HSDUWPHQWRI3V\FKLDWU\)DFXOW\RI0HGLFLQH8QLYHUVLW\RI
,QGRQHVLD:+21DWLRQDO3URIHVVLRQDO2I¿FHU,QGRQHVLD
7KHHDUWKTXDNHDQGWKHIROORZLQJWVXQDPLWKDWKDSSHQHGRQ'HFHPEHU
KDGVXFKDJUHDWPDJQLWXGH WKDWFDXVHGVHYHUHGHVWUXFWLRQDORQJWKH
ZHVWFRDVWRI$FHK3URYLQFH'HDWKWROOVZHUHDVKLJKDVDQGDQ
RWKHUZHUHPLVVLQJ0RUHWKDQSHRSOHZHUHGLVSODFHG
:LWKLQ WKH UHVFXHSKDVHDPHQWDOKHDOWKDVVHVVPHQW WHDPZDVVHQWE\ WKH
0LQLVWU\ RI +HDOWK WR GR UDSLG DVVHVVPHQW RIPHQWDO KHDOWK QHHGV RI WKH
VXUYLYRUV ,W ZDV D TXDOLWDWLYH DVVHVVPHQW XVLQJ D PRGL¿HG:+2 5DSLG
$VVHVVPHQWRI0HQWDO+HDOWK1HHGVRI5HIXJHHV 5$0+ WREHXVHG IRU
VXUYLYRUVRIGLVDVWHU
7ZRPRQWKVDIWHUWKHWVXQDPLDQRWKHUWHDPZDVVHQWWRGRHSLGHPLRORJLFDO
VWXG\ RIPHQWDO GLVRUGHUV7KH GDWD IURP WKRVH WZR VWXGLHV WRJHWKHUZLWK
GDWDIURPRXWSDWLHQWXQLWRIPLOLWDU\KRVSLWDOZLOOEHSUHVHQWHG
,QWHUPRIJHQHUDOKHDOWKVHUYLFHWKHGLVDVWHUDOVRFDXVHGDVXEVWDQWLDOORVV
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
RI KHDOWK ZRUNHUV DQG LQIUDVWUXFWXUHV %XW PHQWDO KHDOWK V\VWHP ZDV QRW
SUHVHQWDGHTXDWHO\HYHQEHIRUH WKH WVXQDPL&RQFHUQLQJ WKHDWWHQWLRQDQG
HIIRUWJLYHQWRDVVLVWWKHSURYLQFHRI$FHKWKLVLVWKHULJKWWLPHWRVHWXSD
PHQWDOKHDOWKV\VWHPWKDWZLOOEHQH¿WQRWRQO\WKHVXUYLYRUVRIWKHGLVDVWHU
EXWDOVRIRUDOOWKHSHRSOHRI$FHK
6
&ULWLFDO(YDOXDWLRQRI(IIHFWRI'LIIHUHQW7\SHVRI'LVDVWHUV
RQ3V\FKRORJLFDO0DQLIHVWDWLRQV	5ROHRI0HQWDO+HDOWK
6HUYLFHV,QGLDQ([SHULHQFH
-.7ULYHGL
'HSDUWPHQWRI3V\FKLDWU\.LQJ*RUJH0HGLFDO8QLYHUVLW\
/XFNQRZ,QGLD
,QGUD3DO6LQJK$PRO3DUJDRQNDU
1DWLRQDO 'LVDVWHU LQ DQ\ IRUP LV WKH RYHUZKHOPLQJ WUDXPDWLF VWUHVVRU
ZKLFK LQGXFHV PDQ\ W\SHV RI SV\FKRORJLFDO PDQLIHVWDWLRQV 0DMRULW\ RI
SHRSOH ZKR DUH H[SRVHG WR GLVDVWHUV PD\ MXVW KDYH LPPHGLDWH UHDFWLRQV
EXWRWKHUZLVHGRZHOOKRZHYHUVRPHKDYHEHKDYLRUDOFKDQJHVDQGGHYHORS
SV\FKLDWULFLOOQHVV
,QGLDKDV H[SHULHQFHG D ODUJHQXPEHURIPDQPDGH DQGQDWXUDO GLVDVWHUV
%KRSDO JDV WUDJHG\ HDUWKTXDNHV LQ/DWXU 0DKDUDVWUD DQG%KXM *XMUDW
LQWKHSDVWDQGUHFHQWO\WKH7VXQDPLGLVDVWHUVDUHIHZRIWKHP$OOWKHVHQRW
RQO\FDXVHGVLJQL¿FDQW¿QDQFLDODQGKXPDQORVHVEXWDOVRODUJHQXPEHURI
SK\VLFDO SV\FKLDWULF SV\FKRORJLFDO DQG EHKDYLRUDO FRQVHTXHQFHV 7KHVH
FRQVHTXHQFHVYDU\DFFRUGLQJWRWKHQDWXUHRIWKHGLVDVWHUV%HVLGHVFRPPRQ
V\PSWRPV VRPH GLVDVWHU VSHFL¿F FRQVHTXHQFHV DUH DOVR REVHUYHG 6\PS
WRPVRIUHFHQW7VXQDPLGLVDVWHUYDULHGIURPWKHPLOGHVWLQVRPQLD WR WKH
YHU\VHULRXVLOOQHVVOLNHUHDFWLYHSV\FKRVHV
,Q,QGLDIUDPHZRUNIRUUHKDELOLWDWLRQDQGSV\FKLDWULFVHUYLFHVZLWKDORQJ
WHUP SHUVSHFWLYH LV ODFNLQJ 7KHUH LV DPDVVLYH XSVXUJH RI JRRGZLOO DQG
PDWHULDO VXSSRUW GXULQJ WKH DFXWH SKDVH RI D GLVRUGHU EHVLGHV VXEVWDQWLDO
LQFUHDVHLQWKHQHHGRISV\FKLDWULFVHUYLFHV7RXJKJHRJUDSKLFDO WHUUDLQRI
WKHFRXQWU\SRVHVDQRWKHUPDMRUREVWDFOHIRUGLVVHPLQDWLQJVHUYLFHV(YHQ
LQ%KRSDOZKHUHDYDLODELOLW\RIIXQGVZDVQRWWKHLVVXHQRFUHGLEOHV\VWHP
IRUUHKDELOLWDWLRQKHDOWKFDUH MREVHWFKDVDULVHQHYHQDIWHU WZRGHFDGHV
&RPPXQLW\SHUVRQVDQGORFDOSURIHVVLRQDOVOLNHQXUVHVPLGZLYHVGRFWRUV
DQGGHQWLVWVFDQEHLQYROYHGLQPDQDJHPHQWDQGUHKDELOLWDWLRQ7KHUHLVDQ
XUJHQWQHHGRIWUDLQLQJLQIRUPDWLRQVKDULQJDQGDFRPSUHKHQVLYHDQGHIIHF
WLYHV\VWHPRIFDUH
6
3V\FKRSDWKRORJ\LQWKH(UDRI1HXURVFLHQFH
6
'HYHORSLQJ3V\FKRSDWKRORJ\LQ)LUVW(SLVRGH6FKL]RSKUHQLD
,VWKH9XOQHUDELOLW\6WUHVV&RSLQJ0RGHO9DOLG"
'HYHORSLQJ6\PSWRPV,Q6FKL]RSKUHQLDDQG7KH96&PRGHO
:ROIJDQJ*DHEHO
'HSDUWPHQWRI3V\FKLDWU\+HLQULFK+HLQH8QLYHUVLW\'VVHOGRUI
*HUPDQ\
0DWKLDV5LHVEHFN
2EMHFWLYHV)LUVWEUHDNDQGUHODSVHDUHHSLVRGLFSV\FKRSDWKRORJLFDOIHDWXUHV
RI WKH XQIROGLQJ FRXUVH DQGRXWFRPHRI VFKL]RSKUHQLD%RWK GHYHORS DQG
UHVROYHLQVWDJHVDQGPD\EHSUHFHGHGE\SURGURPDOV\PSWRPV$FFRUGLQJ
WRWKHYXOQHUDELOLW\VWUHVVFRSLQJ96&PRGHOWKHSUREDELOLW\RIRFFXU
UHQFHRI DQ HSLVRGHGHSHQGVRQ WKHGHJUHHRI LPEDODQFHEHWZHHQYXOQHU
DELOLW\IDFWRUVVWUHVVRUVDQGSURWHFWRUV:LWKUHFXUULQJHSLVRGHVUHVSRQVHWR
QHXUROHSWLFWUHDWPHQWVHHPVWRGHFUHDVH
0HWKRGV:LWKLQWKH*HUPDQ5HVHDUFK1HWZRUNRQ6FKL]RSKUHQLD:|OZHU
HW DO  D PXOWLFHQWHU VWXG\ RQ WKH RSWLPL]DWLRQ RI ORQJWHUP WUHDW
PHQW LQ ¿UVWHSLVRGH VFKL]RSKUHQLD LV FXUUHQWO\ FDUULHG RXW *DHEHO HW DO
5LVSHULGRQH DQG ORZGRVHKDORSHULGRO DUH FRPSDUHG LQ D WZR\HDU
UDQGRPL]HG GRXEOHEOLQG VWXG\ ZLWKLQ WKH IUDPHZRUN RI SV\FKRORJLFDO
LQWHUYHQWLRQV,QWKHVHFRQGWUHDWPHQW\HDUFRQWLQXHGQHXUROHSWLFWUHDWPHQW
LVFRPSDUHGZLWKVWHSZLVHGUXJZLWKGUDZDOVXEVWLWXWLQJLQVWHDGSURGURPH
EDVHGHDUO\LQWHUYHQWLRQLQWHUPLWWHQWWUHDWPHQW3URGURPDOV\PSWRPVZHUH
ELZHHNO\ DVVHVVHGZLWK DQ LQYHQWRU\ LQFOXGLQJ  XQVSHFL¿F DQG VSHFL¿F
V\PSWRPV9XOQHUDELOLW\ LQGLFDWRUVZHUH FRJQLWLYH DQGPRWRU IXQFWLRQLQJ
HJ 707$% QHXURPRUSKRORJ\ 05, DQG SK\VLRORJ\ ((* $V
VWUHVV HTXLYDOHQWVZHUHPRQLWRUHG WKH RFFXUUHQFH RI VWUHVVIXO OLIH HYHQWV
IDPLO\DWPRVSKHUHDQGFDWHFKRODPLQHOHYHOV LQEORRGFRSLQJFRPSHWHQFH
ZDVDVVHVVHGZLWKVHYHUDOTXHVWLRQQDLUHVHJ69))6.1
5HVXOWVSDWLHQWVKDYHEHHQVFUHHQHGRXWRIZKLFKVFKL]RSKUHQLD
SDWLHQWV ,&' ) DIWHU WKHLU ¿UVW HSLVRGH KDYH EHHQ LQFOXGHG LQ WKH
ORQJWHUPVWXG\8S WR -DQXDU\QR UHODSVH DFFRUGLQJ WRSUHGH¿QHG
FULWHULDRFFXUUHGLQWKH¿UVWWUHDWPHQW\HDUXQGHUVWXG\GUXJVFOLQLFDOGH
WHULRUDWLRQZDVREVHUYDEOHLQ2QDYHUDJHV\PSWRPVDVZHOODVGUXJ
VLGHHIIHFWVGHFUHDVHGVWHDGLO\ZKHUHDVVRFLDODGMXVWPHQW LPSURYHGXQGHU
ORZ GRVH PDLQWHQDQFH WUHDWPHQW 7KH LQWHUDFWLRQ EHWZHHQ YXOQHUDELOLW\
LQGLFDWRUV VWUHVV DQG FRSLQJ FRPSHWHQFH DQG WKHLU FRQWULEXWLRQ WR FRXUVH
DQGRXWFRPHZLOOEHDVVHVVHG
&RQFOXVLRQV'DWD UHFRUGHG LQ WKH SUHVHQW VWXG\ RIIHU WKH RSSRUWXQLW\ WR
H[SORUHWKHYDOLGLW\RIWKHFRQWHPSRUDU\96&0RGHODVHWLRSDWKRJHQHWLF
FRQFHSW 5HVXOWV DQG FRQVHTXHQFHV LQ UHJDUG WR WUHDWPHQW DQG SUHYHQWLRQ
ZLOOEHGLVFXVVHG
5HIHUHQFHV
:|OZHU:%XFKNUHPHU*+lIQHU+.ORVWHUN|WWHU-0DLHU:0|OOHU+-
*DHEHO:*HUPDQUHVHDUFKQHWZRUNRQVFKL]RSKUHQLDEULGJLQJWKH
JDSEHWZHHQUHVHDUFKDQGFDUH(XURSHDQ$UFKLYHVRI3V\FKLDWU\DQG&OLQL
FDO1HXURVFLHQFH
*DHEHO:0|OOHU+-%XFKNUHPHU*2KPDQQ&5LHVEHFN0:|OZHU
:YRQ:LOPVGRUII:%RWWOHQGHU5.OLQJEHUJ63KDUPDFRORJLFDO
ORQJWHUPWUHDWPHQWVWUDWHJLHVLQ¿UVWHSLVRGHVFKL]RSKUHQLD6WXG\GHVLJQ
DQG SUHOLPLQDU\ UHVXOWV RI DQ RQJRLQJ 5&7ZLWKLQ WKH*HUPDQ5HVHDUFK
1HWZRUNRQ6FKL]RSKUHQLD(XURSHDQ$UFKLYHVRI3V\FKLDWU\DQG&OLQLFDO
1HXURVFLHQFH
6
.XUW6FKQHLGHU¶V0HWDJHQHVLV&RQFHSWDQG(QHUJ\+\SRWKHVLV
IRU6FKL]RSKUHQLD
&DUORV5REHUWR+RMDLM
7KH0HOERXUQH,QVWLWXWHRI%LRORJLJDO3V\FKLDWU\0HOERXUQH
$XVWUDOLD
'HVSLWHRIWKHVLJQL¿FDQWSURJUHVVLQFRQWHPSRUDU\EUDLQVWXGLHVWKHVFKL]R
SKUHQLDUHVLVWDQFHWRGLVFORVHVRPDWLFPDUNHUVIRULWVLGHQWL¿FDWLRQDQGHWLRO
RJ\ UHLQIRUFHV WKHQHHGRIDFRQWLQXRXVSV\FKRSDWKRORJLFDO LQYHVWLJDWLRQ
+RZHYHU IRU RQH UHDVRQ RU RWKHU HYHQ SV\FKRSDWKRORJ\ LV QRW RIIHULQJ
VXVWDLQDEOHK\SRWKHVLVIRUVFKL]RSKUHQLD
:KLOVWFRQVLGHULQJPHQWDO LOOQHVVHV.XUW6FKQHLGHU WKHRUHWLFDOO\RSSRVHG
FDWHJRULHVRIGLVRUGHUVGLVWLQJXLVKHGE\WKHLUTXDOLW\DXWKHQWLFGLVHDVHVRU
TXDQWLW\YDULDWLRQVIURPWKHQRUPDOLW\)RUWKH¿UVWJURXSWKHUHZLOOEHD
VRPDWLFEDVLVDQGFRQVHTXHQWO\DQHYLGHQWHWLRORJ\H[JHQXLQHHSLOHSV\
GHPHQWLDLQWR[LFDWLRQVEUDLQWUDXPDWKHV\PSWRPDWRORJ\FRXOGEHDFXWH
DIIHFWHG FRQVFLRXVQHVV RU FKURQLF GLVLQWHJUDWLRQ RI SHUVRQDOLW\ )RU
WKHVHFRQGJURXSSV\FKRSDWKRORJLFDOGHVFULSWLRQ LWZRXOGEHHQRXJK WR
FRPSOHWHO\ LGHQWLI\ WKHGLVRUGHU VLQFHQR FKDUDFWHULVWLFV RI GLVHDVH FRXOG
EHIRXQGH[YDULDWLRQVRQLQWHOOLJHQFHSV\FKRSDWKLFSHUVRQDOLWLHVDEQRU
PDO UHDFWLRQV RI DQ[LHW\ GHSUHVVLRQ HWF .XUW 6FKQHLGHU KDV DOORFDWHG
VFKL]RSKUHQLDLQWKH¿UVWJURXSLVWRVD\DVDGLVHDVH+RZHYHUDOWKRXJK
SURYLGLQJDSV\FKRSDWKRORJLFDOGHVFULSWLRQ6FKQHLGHUZDVQRWDEOHWRJLYH
HYLGHQFH RI D VRPDWLF EDVH IRU VFKL]RSKUHQLD ,QVWHDG RI WKDW KH VLPSO\
DGGHGDQ LQWHUURJDWLRQPDUNHU LQ IURQWRI WKHSV\FKRSDWKRORJLFDOGHVFULS
WLRQ$FFRUGLQJWR6FKQHLGHUWKHXOWLPDWHJRDOZRXOGEHWR¿QGWKHVRPDWLF
FDXVHIRUVFKL]RSKUHQLDLQRUGHUWRFRQVLGHULWDVDUHDOPHGLFDOGLVHDVH
+RZHYHUIDFLQJWKHVFKL]RSKUHQLDHQLJPDWKHVDPH6FKQHLGHUFUHDWHGWKH
FRQFHSWRIPHWDJHQHVLVWRDFFRPPRGDWHKLVVFLHQWL¿FLQTXLHWXGH0HWDJHQ
HVLVZRXOGEHDNLQGRISV\FKRORJLFDOGHYLDWLRQZLWKRXWDQ\VRPDWLFRUSV\
FKRORJLFDOFDXVH,WLVSRVVLEOHWKDW6FKQHLGHU¶VPHWDJHQHVLVKDVFRPHIURP
WKH.DUO-DVSHUV¶LGHDRISV\FKLFSURFHVVDSV\FKRSDWKRORJLFDOVWUXFWXUHDQG
GHYHORSPHQWVLPLODUWRDQRUJDQLFSURFHVVEXWZLWKRXWDVRPDWLFEDVHDQG
ZLWKRXWDSV\FKRORJLFDOPRWLYDWLRQ
$FRQFHSWRIPHWDJHQHVLVFRPHVIURPWKH$ULVWRWHOLDQLGHDRIPHWDSK\VLFV
VRPHWKLQJEH\RQGPDWWHUVRPHWKLQJVXSUDPDWHULDO
7KHPRGHUQTXDQWXPSK\VLFVGHVFULEHVKRZIURPPDWWHUHQHUJ\LVHPDQDWHG
DQGKRZIURPWKHQLWGHYHORSVE\LWVHOILQDQRUJDQL]HGZD\DQGLQGHSHQG
HQWO\IURPWKHPDWWHUWKDWKDVFUHDWHGLW
/4(%2¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
7KH SUHVHQWDWLRQ H[SORUHV D WKHRUHWLFDO HQHUJHWLF DSSURDFK IRU WKH XQGHU
VWDQGLQJRIVFKL]RSKUHQLDDWHQWDWLYHWRRYHUFRPHWKHXQVXFFHVVIXOORRNIRU
VRPDWLFEDVLVDQGIUXVWUDWHGSV\FKRORJLFDOH[SODQDWLRQV
6
%UDLQ0RUSKRORJLFDO$EQRUPDOLWLHVLQ)LUVW(SLVRGH
6FKL]RSKUHQLD'LVSRVLWLRQDO5HVLGXDORU5HODWHGWR3URFHVV
$FWLYLW\"
3HWHU)DONDL
'HSDUWPHQWRI3V\FKLDWU\6DDUODQG8QLYHUVLW\+RVSLWDO*HUPDQ\
6FKL]RSKUHQLDLVDVHYHUHPHQWDOGLVRUGHUOHDGLQJWROLIHORQJGLVDEOHPHQWLQ
DERXWRIWKHVXIIHUHUV'HVSLWHRIWKHVHVDGIDFWVYHU\OLWWOHLVNQRZQ
DERXW LWV HWLRORJ\ DQG SDWKRJHQHVLV%HVLGH UHFHQWO\ GHVFULEHG ULVN JHQHV
WKHUHLVJRRGHYLGHQFHIRUEUDLQPRUSKRORJLFDODEQRUPDOLWLHVLQVFKL]RSKUH
QLD%HVLGHRYHUDOOUHGXFHGZKROHEUDLQYROXPHWKHUHLVHYLGHQFHIRUWKH
HQODUJHPHQW RI WKH YHQWULFOH V\VWHP DQG VLJQL¿FDQW YROXPH UHGXFWLRQV LQ
IURQWRWHPSRUDO UHJLRQV)DPLO\DQG WZLQVWXGLHVGHPRQVWUDWH WKDWDURXQG
RIWKLVYROXPHUHGXFWLRQLVDOUHDG\SUHVHQWLQ¿UVWGHJUHHUHODWLYHV
RI SDWLHQWVZLWK VFKL]RSKUHQLD5HFHQW VWXGLHV RI SHUVRQVZLWK SURGURPDO
VFKL]RSKUHQLDEHLQJVFDQQHGEHIRUHDQGDIWHU WKHPDQLIHVWDWLRQRI WKHIXOO
FOLQLFDOSLFWXUHGHPRQVWUDWHYROXPHFKDQJHVRYHUWLPHVSHFL¿FDOO\LQWHP
SRUDOEUDLQUHJLRQV6HYHUDOIROORZXSVWXGLHVRIRQHWR¿YH\HDUVRISHUVRQV
ZLWK ¿UVW EUDLQ VFKL]RSKUHQLD VHHP WR GHPRQVWUDWH YROXPH UHGXFWLRQV
RYHUWLPHVSHFL¿FDOO\LQFRUWLFDOPRUHVSHFL¿FDOO\LQIURQWDOUHJLRQVEHLQJ
FRQ¿QHG WR WKHJUH\ DQGQRW VRPXFK WR WKHZKLWHPDWWHU7KHVH¿QGLQJV
DUHGLVFXVVHG LQYLHZRI WKH UHFHQWO\GHVFULEHG ULVNJHQHVQHXUHJXOLQDQG
G\VELQGLQ EHLQJ LQYROYHG LQ VHYHUDO EUDLQ IXQFWLRQV IURPGHYHORSPHQW WR
V\QDSWLFIXQFWLRQLQJ
6
'R1HXURFRJQLWLYH'HILFLWV3UHGLFW&RXUVHRI,OOQHVVLQ
6FKL]RSKUHQLD"
:ROIJDQJ:|OZHU
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\RI'XHV
VHOGRUI*HUPDQ\
:ROIJDQJ*DHEHODQGWKH*HUPDQ6WXG\*URXSRQ)LUVW(SLVRGH
6FKL]RSKUHQLD
2EMHFWLYHV7KHUHDUHVHYHUDOVWXGLHVUHSRUWLQJWKDWFRJQLWLYHLPSDLUPHQWLV
SURVSHFWLYHO\SUHGLFWLYHRIRXWFRPH OLNHVRFLDO IXQFWLRQLQJDQGTXDOLW\RI
OLIHLQVFKL]RSKUHQLD+RZHYHUWKHLUSUHGLFWLYHYDOLGLW\UHJDUGLQJH[DFHUED
WLRQVLQWKHFRXUVHRIWKHGLVRUGHULVOHVVFOHDU
0HWKRGV$VSDUWRIDQRQJRLQJFRPSUHKHQVLYHVWXG\RQDFXWHDQG ORQJ
WHUP WUHDWPHQW VWUDWHJLHV LQ ¿UVW HSLVRGH VFKL]RSKUHQLD SDWLHQWV ZLWKLQ
WKH *HUPDQ 5HVHDUFK 1HWZRUN RQ 6FKL]RSKUHQLD *516 WKH SUHVHQW
VXESURMHFW DLPV DW  D ORQJLWXGLQDO DVVHVVPHQW RI QHXURSV\FKRORJLFDO
YXOQHUDELOLW\LQGLFDWRUVDQGDQLQYHVWLJDWLRQRIWKHUHODWLRQVKLSRIWKHVH
LQGLFDWRUVZLWKSURGURPDOV\PSWRPVDQGUHODSVHV7KLVVXESURMHFWIRFXVHV
RQ WKH SUHGLFWLYH SRZHU RI FRJQLWLYH LPSDLUPHQWV IRU WKH ULVN RI UHODSVH
DQGRQDFRPSDULVRQRI ULVN LQGLFDWRUVRI WKH¿UVWPDQLIHVWDWLRQZLWK ULVN
LQGLFDWRUV RI UHODSVHV LQ FRRSHUDWLRQZLWK D SDUDOOHO SURMHFW LQ KLJK ULVN
LQGLYLGXDOVE\:DJQHUHWDO$VVHVVPHQW WDNHVSODFHDW LQFOXVLRQ LQWR WKH
ORQJWHUPWUHDWPHQWVWXG\7DQGDIWHU\HDURIFRQWUROOHGPHGLFDWLRQDQG
SV\FKR¤ORJLFDOWUHDWPHQW7
5HVXOWV$WRWDORISDWLHQWVHQWHUHGWKHRQJRLQJVWXG\XQWLOQRZ)LUVW
SUHOLPLQDU\DQDO\VHVUHYHDOHGWKHH[SHFWHGQHXURSV\FKRORJLFDOLPSDLUPHQWV
DW 7 7KHVH LPSDLUPHQWV DUH PRUH SURQRXQFHG WKDQ  EXW TXDOLWDWLYHO\
FRPSDUDEOHWR±WKHLPSDLUPHQWVIRXQGLQSURGURPDOVXEMHFWVEHIRUHWKHLU
¿UVW HSLVRGH 1HXUR¤SV\FKRORJLFDO LPSDLUPHQWV SURYH WR EH XQUHODWHG WR
SURGURPDO V\PSWRPVDOORZLQJ WRXVHERWK LQFRPELQDWLRQ WR LPSURYH WKH
SUHGLFWLRQRISRRUFOLQLFDOFRXUVH
&RQFOXVLRQV)URPWKHODWWHUUHVXOWDIXUWKHULPSURYHPHQWRIUHODSVHSUHGLF
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WKH'60 ,9 LQ UHJDUG WR GLDJQRVLV RI DQ[LHW\ GLVRUGHUV WKHUH LV DPDMRU
GLIIHUHQFHEHWZHHQWKHPZKLFKLVWKDWDFFRUGLQJWRWKH'60,92&'LV
SDUWRIWKHDQ[LHW\GLVRUGHUVEXWDFFRUGLQJWRWKH,&'LWLVDVWDQGDORQH
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7KLVNLQGRIGLIIHUHQWDSSURDFKSRLQWVRXWRQHRIWKHPDMRULVVXHVLQGLDJQR
VLVLQJHQHUDODQGGLDJQRVLVRIDQ[LHW\GLVRUGHUVLQSDUWLFXODUZKLFKLVWKH
ORZYDOLGLW\RIWKHGLDJQRVLV7KHFXUUHQWGLDJQRVWLFV\VWHPDOWKRXJKLWKDV
LPSURYHGWKHUHOLDELOLW\RIWKHGLDJQRVLVRIGLIIHUHQWDQ[LHW\GLVRUGHUVLWGLG
QRWWDNHXVWRRIDULQUHJDUGWRLPSURYLQJWKHYDOLGLW\7KHZD\WRLQFUHDVH
WKH YDOLGLW\ LV E\ ¿QGLQJ ELRORJLFDO PDUNHUV LQFOXGLQJ HQGRSKHQRW\SH
PDUNHUV WKDW ZRXOG JLYH DQ H[WHUQDO YDOLGDWLRQ RI WKH FXUUHQW GLDJQRVWLF
V\VWHP$OWKRXJKZHDUHIDUIURPEHLQJWKHUHDWOHDVWWKHLQWHQWLRQRIWKH
GLIIHUHQWFRPPLWWHHVZKRDUHZRUNLQJRQWKH'609LVWRVWULYHWR¿QGVXFK
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GHPRQVWUDWHG WKDW3$1DPHOLRUDWHV WKH VXEVWDQFHDEXVHZLWKGUDZDO VWDWHV
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 LQFOXGLQJ DOFRKRO QLFRWLQH RSLRLGV FDQQDELV EHQ]RGLD]HSLQHV
PHWKDTXDORQH DQG FRFDLQH 2XU H[SHULHQFH KDVPDLQO\ EHHQ ZLWK 6$:6
UHODWHGWRDOFRKRODVRXUFOLQLFVSHFLDOLVHVLQDOFRKROLVPZKHUHWKRXVDQGV
RISDWLHQWVKDYHEHQH¿WHGZKLOVWRXUH[SHULHQFHZLWK6$:6FDXVHGE\WKH
RWKHUVXEVWDQFHVKDVEHHQUDWKHUOLPLWHG(OVHZKHUHLQ6RXWK$IULFD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RWKHU FOLQLFV XVLQJ 3$1 KDYH EHHQ DEOH WR VXFFHVVIXOO\ WUHDW DOO 6$:6
5HSRUWVIURPWKHVHFOLQLFVLQGLFDWHWKDW3$1FDQEHXVHGWRDPHOLRUDWHFR
FDLQHZLWKGUDZDO2XUSDSHUZLOOSUHVHQWWKHUHVXOWVRQFDVHVRIFRFDLQH
ZLWKGUDZDOZKHQXVLQJ3$1
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VXEMHFWVPDOHVIHPDOHVFRPSODLQLQJRIFRFDLQHZLWK
GUDZDO V\PSWRPV ZHUH WUHDWHG DYHUDJH DJH  UDQJH \HDUV DW DQ
RXWSDWLHQWFOLQLF3$1LVYHU\ ORZFRQFHQWUDWLRQVRIQLWURXVR[LGH 12
PL[HGZLWKKLJKFRQFHQWUDWLRQVRI2ZKHUHWKHVXEMHFWLVIXOO\FRQVFLRXV
WKURXJKRXWJDVDGPLQLVWUDWLRQ3$1LVVORZO\WLWUDWHGWRDFOLQLFDOHQGSRLQW
ZKHUHWKHVXEMHFWLVUHOD[HGDQGEHIRUHDHXSKRULFVWDJHLVUHDFKHG%DVHOLQH
UHDGLQJVDUHWDNHQXVLQJDZLWKGUDZDOVFDOH2LVJLYHQWRHOLPLQDWH
SODFHERUHVSRQGHUVIROORZHGE\3$1
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 RI WKH FDVHV UHVSRQGHGE\ D UHGXFWLRQRI V\PSWRP VFRUHV
RI RUPRUHZKLFK FOLQLFDO H[SHULHQFH KDV VKRZQ WR EH V\QRQ\PRXV
ZLWKREVHUYHGUHFRYHU\VXEMHFWVZHUHSODFHERUHVSRQGHUVZLWKRXWIXUWKHU
LPSURYHPHQWIROORZLQJ3$1VXEMHFWVZHUHQRWLPSURYHGE\SODFHEREXW
UHVSRQGHG SRVLWLYHO\ WR 3$1  UHVSRQGHG WR ERWK WKH 2 ZLWK D IXUWKHU
LPSURYHPHQWIROORZLQJ3$12QO\SDWLHQWVIDLOHGWRUHVSRQGWRDQ\WUHDW
PHQWFRQGLWLRQRIWKHVHRQHKDGVHYHUHFUDYLQJZKLFKGLGQRWLPSURYHIRO
ORZLQJWUHDWPHQWDQGWKHRWKHUKDGGHSUHVVLRQZKLFKDOVRGLGQRWUHVSRQG
&RQFOXVLRQV7KXVRIWKHVXEMHFWVZHUHLPSURYHGE\WKHXVHRI3$1
DQG RU2 DORQH )URP WKHZLWKGUDZDO VFDOH VFRUHV LW LV FOHDU WKDW WKHVH
SDWLHQWVZHUH LQPLOG WRPRGHUDWH FRFDLQHZLWKGUDZDO ,W LV WKHUHIRUH QRW
SRVVLEOH WR SUHGLFW WKH HIIHFWV RI3$1DQGRU2 DORQH LQ FDVHV RI VHYHUH
FRFDLQH ZLWKGUDZDO +RZHYHU ZRUNHUV ZKR KDYH XVHG 3$1 IDLUO\ RIWHQ
KDYHUHSRUWHGWKDW3$1LVXVHIXOHYHQLQVHYHUHFDVHV
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LQSDWLHQWVZHUHDEOHWRUHGXFHWKHLUFOLQLFVWD\V3$1DOVRDSSHDUVWRUHGXFH
FUDYLQJGXULQJDFXWHZLWKGUDZDOVXJJHVWLQJDUROHDVDQDGMXQFWLQDGGLFWLRQ
WUHDWPHQW,QWKHSUHVHQWVWXG\ZHXVHGWZROLQHVRIUDWVJHQHWLFDOO\VHOHFWHG
IRUKLJK HWKDQRO (W2+FRQVXPSWLRQ± WKHKLJK DOFRKROGULQNLQJ 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DQGDOFRKROSUHIHUULQJ3OLQHV±WRWHVWWKHDELOLW\RI3$1WRVXSSUHVV(W2+
GULQNLQJLQDQDQLPDOPRGHO
0HWKRGV0DOH+$' DQG 3 UDWV REWDLQHG IURP WKH ,QGLDQD$OFRKRO5H
VHDUFK&HQWHU,QGLDQD8QLYHUVLW\ZHUH¿UVWWHVWHGIRUDOFRKROFRQVXPSWLRQ
GXULQJ D GD\ IRUFHG H[SRVXUH WR(W2+ DV WKH RQO\ ÀXLG VRXUFH WKH 
KLJKHVWGULQNLQJUDWV+$'DQG3ZHUHUHWDLQHG$OOVXEVHTXHQWDFFHVV
WR DOFRKRO RFFXUUHG GXULQJ RQHKRXU (72+ DFFHVV SHULRGV GXULQJZKLFK
ÀXLGV(W2+LQZDWHUDQGZDWHUDORQHZHUHRIIHUHGLQPOV\ULQJHV
ZLWKVWDQGDUGVWRSSHUDQGVLSSHUWXEHDQGZLWKWKHQHHGOHSRUWVHDOHG7KH
UDWVZHUHDVVLJQHGWRRQHRIIRXUVTXDGVHDFKFRQVLVWLQJRIWZR+$'DQG
WZR3UDWV$IWHUVHYHQGD\VRIOLPLWHGÀXLGDFFHVVWKH¿UVWTXDGUHFHLYHGLWV
¿UVWJDVH[SRVXUHWLPHGWRHQGKEHIRUHWKHOLPLWHGDFFHVVSHULRG7KHUH
DIWHU RQH VTXDG UHFHLYHG JDV HDFK GD\ LQ D¿[HG URWDWLRQ VXFK WKDW WKUHH
GD\VZLWKRXWJDVVHSDUDWHGHDFKVTXDG¶VH[SRVXUH*DVPL[WXUHVZHUH
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2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(W2+FRQVXPSWLRQGXULQJ WKH OLPLWHG DFFHVV SHULRGVZDV FRPSDUHGK
EHIRUHDQGDQGKDIWHUWKHHQGRIJDVH[SRVXUH%HKDYLRUDODFWLYDWLRQ
DOVRZDVDVVHVVHGDWPLQLQWHUYDOVGXULQJJDVH[SRVXUH
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VXUHLQERWK+$'DQG3UDWV:DWHUFRQVXPSWLRQGXULQJWKHOLPLWHGDFFHVV
SHULRGZDV XQDIIHFWHG 5DWV LQKDOLQJ12ZHUH VLJQL¿FDQWO\PRUH DFWLYH
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2XUUHVXOWVDUHFRQVLVWHQWZLWKWKHXVHRI3$1WRWUHDWDFXWH
HSLVRGHVRI(W2+FUDYLQJ:DWHUFRQVXPSWLRQZDVQRWVXSSUHVVHGLQGLFDW
LQJ WKDW WKHHIIHFW LVVSHFL¿FIRU(W2+%HKDYLRUDODFWLYDWLRQGXULQJ3$1
H[SRVXUHLQGLFDWHGWKDWWKHOHYHORILQWR[LFDWLRQZDVEHORZWKHOHYHOUHTXLUHG
IRUVHGDWLRQ$OWKRXJK3$1PD\UHGXFHDOFRKROFRQVXPSWLRQWKURXJKSDU
WLDOVXEVWLWXWLRQIRU(W2+3$1GRHVQRWDSSHDUWREHDGGLFWLYHHYHQZKHQ
LW LV UHDGLO\ DYDLODEOH7KXV LWPD\ EH SRVVLEOH WR WUHDW DOFRKRO DGGLFWLRQ
ZLWK3$1ZLWKUHODWLYHO\OLWWOHULVNRIFURVVDGGLFWLRQ12EORFNV10'$
UHFHSWRUFXUUHQWVDQGZHDNO\SRWHQWLDWHVWKHHIIHFWVRI*$%$WZRDFWLRQV
FRPPRQWR(W2+DVZHOODVRWKHUJHQHUDODQHVWKHWLFV$VVHVVPHQWRIWKHVH
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QLWURXV R[LGH 3$1 IRU WUHDWLQJ DFXWH ZLWKGUDZDO VWDWHV IURP DEXVH RI
PHWKDTXDORQHVPRNHGZLWKFDQQDELVFDOOHGµZKLWHSLSH¶>:3@3UHYLRXVO\
ZHKDYHGHPRQVWUDWHGWKDW3$1DPHOLRUDWHVWKHVXEVWDQFHDEXVHZLWKGUDZDO
VWDWHV 6$:6 LQFOXGLQJ DOFRKRO QLFRWLQH RSLRLGV FDQQDELV EHQ]RGL
D]HSLQHVPHWKDTXDORQHDQGFRFDLQH:3LVWKHVHFRQGPRVWFRPPRQ
SULPDU\VXEVWDQFHRIDEXVHLQFHUWDLQDUHDVLQ6RXWK$IULFDQDPHO\LQ&DSH
7RZQDQG3RUW(OL]DEHWKDOWKRXJKWKLVSDWWHUQRIDEXVHVHHPVPDLQO\ORFDO
LVHGWR6RXWK$IULFD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2XUSDSHUZLOOSUHVHQWWKHUHVXOWVRIXVLQJ3$1IRU
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3$1VLQJOHEOLQG3$1LVYHU\ ORZFRQFHQWUDWLRQVRIQLWURXVR[LGH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PL[HGZLWKKLJKFRQFHQWUDWLRQVRI2ZKHUHWKHVXEMHFWLVIXOO\FRQVFLRXV
WKURXJKRXWJDVDGPLQLVWUDWLRQ3$1LVVORZO\WLWUDWHGWRDFOLQLFDOHQGSRLQW
ZKHUHWKHVXEMHFWLVUHOD[HGDQGEHIRUHDHXSKRULFVWDJHLVUHDFKHG$PRGL
¿HG*URVV VFDOHZDVXVHGEHFDXVHZLWKGUDZDO IROORZLQJPHWKDTXDORQH LV
VLPLODU WR DOFRKRO ZLWKGUDZDO  2 ZDV JLYHQ LQLWLDOO\ WR HOLPLQDWH
SODFHERUHVSRQGHUVIROORZHGE\3$1$WDOOWLPHVWKHSDWLHQWLVWUHDWHGLQD
UHOD[HGVXSSRUWDWLYHPLOLHX
5HVXOWV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LPSURYHPHQWWKDWKDGEHHQREWDLQHGZLWKR[\JHQZDVUHYHUVHGZLWK3$1LQ
FDVHV,QRWKHUFDVHVWKHUHZDVDQLPSURYHPHQWZKHQ3$1ZDVDGGHG
IROORZLQJ2E\DWOHDVWSRLQWV2IWKHUHPDLQLQJFDVHVRIWKHJLYHQ
3$1DIWHU2DGPLQLVWUDWLRQWKHUHZDVQRIXUWKHUVLJQL¿FDQWFKDQJHLQWKH
UDWLQJVSDWLHQWVGLGQRWUHVSRQGWRWKHDGPLQLVWUDWLRQRI2DORQHDQGDOO
RIWKHVHZHUHLPPHGLDWHO\JLYHQ3$12IWKHVHSDWLHQWVUHVSRQGHG
SRVLWLYHO\WR3$1LHZLWKDWOHDVWDLPSURYHPHQWLQWKHLUVFRUHVIURP
EDVHOLQH7KHUHPDLQLQJSDWLHQWVGLGQRWLPSURYHHYHQZLWKWKHDGGLWLRQ
RI3$17KXVWKHWUHDWPHQWZLWKHLWKHU2DORQHRUZLWKWKHDGGLWLRQRI3$1
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ELFV\VWHP
5HIHUHQFHV
*LOOPDQ0$	/LFKWLJIHOG)-
*LOOPDQ0$/LFKWLJIHOG)--6XEVW$EXVH7UHDW
3DUU\&'+%KDQD$3OXGGHUPDQQ$ HW DO$GGLFWLRQ

6
3LRQHHULQJ3$1LQ)LQODQGIRU:LWKGUDZDO6WDWHV6XFFHVV
'HVSLWH%LDVHG2SSRVLWLRQ
5HLMR2MXWNDQJDV
2MXWNDQJDV&OLQLFV)LQODQG)LQODQG
2EMHFWLYHV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VLQFH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PLELDLQWKHODWH¶V$VDUHFRYHULQJDOFRKROLFZLWK\HDUVRIH[SHULHQFH
WUHDWLQJDOFRKROLVP,ZDVLPSUHVVHGEXWKLJKO\VFHSWLFDOZKHQWROGWKDWD
VLQJOHPLQH[SRVXUHWR3$1UDSLGO\LPSURYHVPLOGWRPRGHUDWHDOFRKRO
ZLWKGUDZDOVWDWHV$:6ZLWKODVWLQJHIIHFWDOVRPDUNHGO\UHGXFLQJWKHDG
GLFWLYHVHGDWLYHVHJGLD]HSDPFXUUHQWO\XVHGWRWUHDW$:6$\HDUODWHU
,DFWXDOO\ZLWQHVVHGWKH3$1WUHDWPHQWDQGUHDOLVHGWKLVZDVDWUXHEUHDN
WKURXJK,LPPHGLDWHO\WULHGWRFRQWDFWWKHSLRQHHUV*LOOPDQ	/LFKWLJIHOG
EXWZDVWKZDUWHGE\WKHORFDOVHOIVW\OHG6$DGGLFWLRQH[SHUWZKRDOWKRXJK
REYLRXVO\LJQRUDQWRI3$1¶VXVHZDVQRQHWKHOHVVDJDLQVWLW2QUHWXUQLQJWR
+HOVLQNL,PDQDJHGWRFRQWDFW*LOOPDQE\SKRQH+HH[SODLQHGWKDW3$1UH
TXLUHGVKRUWKDQGVRQWUDLQLQJZKLFK,FDPHWR6$WROHDUQ2QO\WKHQGLG,
UHDOLVHWKHLPSRUWDQFHRIKDQGVRQWUDLQLQJZLWKRXWZKLFKLWLVYHU\XQOLNHO\
WKDW,ZRXOGKDYHEHHQDEOHWRREWDLQWKHH[FHOOHQWUHVXOWVRI*LOOPDQDQG
/LFKWLJIHOGDQGPRUHWKDQRWKHUVWUDLQHGE\WKHP,KDYHXVHGWKH3$1
WKHUDS\HYHUVLQFHZLWKYHU\JRRGUHVXOWVLQWURGXFLQJLWVXVHDVDVDIHRXWSD
WLHQWWKHUDS\IRU$:6,WKDVEHFRPHYHU\SRSXODULQ)LQODQGEHFDXVH3$1
LVVXSHULRUWRWHFKQLTXHVHPSOR\LQJDGGLFWLYHVHGDWLYHVIRU$:6+RZHYHU
LQ)LQODQGDV LQ6$ WKHUHZDVVWURQJEXWXQIRXQGHGDUPFKDLURSSRVLWLRQ
WRWKHXVHRI3$1FXOPLQDWLQJLQDPHGLDFRQIHUHQFHDWZKLFKDQXQVFL
HQWL¿FDWWDFNZDVPDGHE\FHUWDLQDFDGHPLFV8QNQRZQWR WKHP*LOOPDQ
ZDVSUHVHQWDQGGHPROLVKHGWKHLUDWWDFNUHVXOWLQJLQWKHOHDGHURIWKHWHDP
/4(%2¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
VWRUPLQJRXWRIWKHFRQIHUHQFH7KLVLQFLGHQWUHFHLYHGZLGHPHGLDFRYHUDJH
VKRZLQJ WKH ELDV DQG LJQRUDQFH RI WKHVH DFDGHPLFV:KLOH XVLQJ3$1 WR
GHWR[LI\SDWLHQWV WUHDWHGZLWKQDOWUH[RQH DQGZKRKDG UHODSVHG , QRWLFHG
WKDWWKH\GRQRWEHQH¿WIURP3$16LQFHQDOWUH[RQHLVDQRSLRLGDQWDJRQLVW
WKLVJLYHVVXSSRUWWRWKHLGHDRULJLQDOO\VXJJHVWHGE\WKH6$SLRQHHUVWKDW
3$1H[HUWVLWVHIIHFWVWKURXJKWKHHQGRJHQRXVRSLRLGV\VWHP
&RQFOXVLRQV,KDYHXVHGWKH3$1WUHDWPHQWIRU¿IWHHQ\HDUVDQG,EHOLHYHLW
QRZKDVD¿UPIRRWKROGLQ)LQODQGVXSSRUWLQJWKH¿QGLQJVRIPRUHWKDQ
RWKHUZRUNHUVZKRKDYHUHFHLYHGWKHEULHIKDQGVRQWUDLQLQJ$GPLQLVWHUHG
FRUUHFWO\ DQG ZLWK IROORZXS FRXQVHOLQJ DQG UHKDELOLWDWLRQ LW LV D PRVW
SURPLVLQJWUHDWPHQW7KHLQWHUHVWLQ3$1WUHDWPHQWUHPDLQVKLJK7KHPDLQ
GLI¿FXOW\LQ)LQODQGLVWKHFRQWLQXHGXQVFLHQWL¿FDQWDJRQLVPRIDFDGHPLFV
DVZHOODVWKHFKURQLFVKRUWDJHRIGRFWRUV
5HIHUHQFHV
2MXWNDQJDV5DQG*LOOPDQ0$3V\FKRWURSLFDQDOJHVLFQLWURXVR[LGHIRU
WUHDWLQJ DOFRKRO ZLWKGUDZDO LQ DQ RXWSDWLHQW VHWWLQJ ,QW - 1HXURVFL 

*LOOPDQ0$	/LFKWLJÀHG)-(QODUJHG GRXEOHEOLQG UDQGRPLVHG WULDO RI
EHQ]RGLD]HSLQHV DJDLQVW SV\FKRWURSLF DQDOJHVLF QLWURXV R[LGH IRU DOFRKRO
ZLWKGUDZDO$GGLFWLYH%HKDYLRUV
6
3DQ%LRORJLF7HFKQLTXHIRUWKH'HOLYHU\RI1LWURXV2[LGH
2[\JHQ6HGDWLRQ
0RUULV6&ODUN
8QLYHUVLW\RI&RORUDGR86$
7KLVSDVW\HDUWKHWKDQQLYHUVDU\RIWKHGLVFRYHU\RIQLWURXVR[LGHDVDQ
DQHVWKHWLFE\DQ$PHULFDQGHQWLVW+RUDFH:HOOVZDVFHOHEUDWHGLQ+DUWIRUG
&RQQHFWLFXW86$
2EMHFWLYHV 7KLV DEVWUDFW LGHQWL¿HV RXU SUHVHQWDWLRQ ZLWK PHWKRGRORJLHV
XVHGIRU1LWURXV2[LGH$GPLQLVWUDWLRQ6LQFHLWVGLVFRYHU\DVDXVHIXODJHQW
IRUSDLQFRQWUROQLWURXVR[LGHKDVEHHQLQFRQWLQXRXVXVHORQJHUWKDQDQ\
RWKHUDQHVWKHWLFDJHQW,WKDVWKHUHIRUHZLWKVWRRGWKHWHVWRIWLPH7HFKQLTXHV
DQGEDVLFSULQFLSDOVRIQLWURXVR[LGHR[\JHQKDYHEHHQGHYHORSHGIURPGHF
DGHVRIH[SHULHQFH$GKHULQJWRWKHEDVLFSULQFLSDOVRIDGPLQLVWUDWLRQZLOO
HQVXUHDSRVLWLYHH[SHULHQFHIRUERWKWKHSDWLHQWDQGWKHRSHUDWRU
0HWKRGV 3HUVRQDO H[SHULHQFH DQG QHZHU JXLGHOLQHV IURP WKH$PHULFDQ
$VVRFLDWLRQRI$QHVWKHVLDDUHFRQVLGHUHG3URSHUWLWUDWLRQDQGFDUHIXOREVHU
YDWLRQRIWKHSDWLHQWDUHNH\VWRVXFFHVVIXODGPLQLVWUDWLRQ7HFKQLTXHVRIWKH
SDVWRIWHQDQGXQIDLUO\JDYHQLWURXVR[LGHDSRRUUHSXWDWLRQ7RGD\EHFDXVH
RIWHFKQLTXHSDWLHQWHYDOXDWLRQDQGPRQLWRULQJGHYLFHVZHFDQH[SHFWDQ
H[FHOOHQWRXWFRPH
5HVXOWV &RQWHPSRUDU\ DGPLQLVWUDWLYH WHFKQLTXH FDQ \LHOG D YDULHW\ RI
RXWFRPHV7KLVSUHVHQWDWLRQZLOOIRFXVRQDVWHSE\VWHSPHWKRGWRDGPLQ
LVWHUQLWURXVR[LGHZKLOHDFFRXQWLQJ IRUSDWLHQWGLIIHUHQFHV ,QDGGLWLRQ WR
IXQGDPHQWDO SULQFLSOHV IRU DSSURSULDWH DGPLQLVWUDWLRQ DWWHQWLRQ ZLOO EH
JLYHQWRSUHRSHUDWLYHXQLWSUHSDUDWLRQSDWLHQWSDUWLFLSDWLRQSRVWRSHUDWLYH
SURFHGXUHVUHFRYHU\DVVHVVPHQWDQGUHFRUGNHHSLQJSURFHGXUHV
&RQFOXVLRQV1LWURXV2[LGH LV D XVHIXO DQG DGMXQFW IRUPXOWLGLVFLSOLQDU\
VSHFLDOWLHVLQPHGLFLQH
5HIHUHQFHV
+DQGERRN RI 1LWURXV 2[LGH DQG 2[\JHQ 6HGDWLRQ (OVHYLHU 6FLHQFH WK
(GLWLRQ
6
6WUHVVDQG6OHHS1HXURELRORJLFDO&KDQJHV$FURVVWKH/LIH
6SDQ
6
3UHGLFWLRQLQ3V\FKLDWU\6WUHVVDQG6OHHSLQ.LQGHUJDUWHQ
&KLOGUHQ
0DUWLQ+DW]LQJHU
3V\FKLDWULF8QLYHUVLW\&OLQLFV83.%DVHO6ZLW]HUODQG
6HUJH%UDQG$JQHVYRQ:\O6RQMD3HUUHQ.DLYRQ.OLW]LQJ
(GLWK+ROVERHU7UDFKVOHU

2EMHFWLYHV:LWKLQ UHFHQW\HDUV WKHK\SRWKDODPLFSLWXLWDU\DGUHQRFRUWLFDO
+3$V\VWHPDQGVOHHSUHJXODWLRQKDYHUHDFKHGFRQVLGHUDEOHDWWHQWLRQ LQ
SV\FKLDWU\ (J SURIRXQG DOWHUDWLRQV RI WKHVH QHXURELRORJLFDO V\VWHPV LQ
SV\FKLDWULF GLVRUGHUV OLNH GHSUHVVLRQ ZHUH UHSRUWHG LQ DGXOWV +RZHYHU
WKH LVVXH LI WKHVH DEQRUPDOLWLHV SUHFHGH WKH GHYHORSPHQW RI SV\FKLDWULF
GLVRUGHUVDQGPD\FRQWULEXWHWRWKHLGHQWL¿FDWLRQRIKLJKULVNVXEMHFWVHDUO\
LQOLIHVWLOOZDUUDQWVFODUL¿FDWLRQ,QRUGHUWRDVVHVV+3$V\VWHPIXQFWLRQLQJ
DQG VOHHS UHJXODWLRQ DV SRVVLEOH FDQGLGDWHV IRU SUHGLFWLRQ RI SV\FKLDWULF
GLVRUGHUV D FURVVVHFWLRQDO DQG ORQJLWXGLQDO VWXG\ZDV VWDUWHG LQ FKLOGUHQ
GXULQJ WKH GHYHORSPHQWDO SHULRG DW WKH WXUQ IURP D KRPHEDVHG FRQWH[W
WRDSHHUGRPLQDWHGHQYLURQPHQW+HUHZHUHSRUW WKH¿UVWFURVVVHFWLRQDO
LQYHVWLJDWLRQ¶VUHVXOWV
0HWKRGVFKLOGUHQDJH\HDUVER\VJLUOVDWWKHEHJLQ
QLQJ RI.LQGHUJDUWHQZHUH HQUROOHG LQ D ¿UVW FURVVVHFWLRQDO H[DPLQDWLRQ
RI EDVDO DQG VWUHVVFKDOOHQJHG+3$V\VWHPDFWLYLW\DVVHVVHGE\ VDOLYD
FRUWLVROPHDVXUHPHQWVDQG  VOHHS UHJXODWLRQ LQYHVWLJDWHGE\DFWLJUDSK\
RYHUGD\V%DVDO+3$D[LV UHJXODWLRQZDVDVVHVVHGE\PRUQLQJFRUWLVRO
DIWHUDZDNHQLQJZKHUHDVVWUHVVHOLFLWHGKRUPRQDOUHVSRQVHVZHUHPHDVXUHG
GXULQJWKHDSSOLFDWLRQRIDVWDQGDUGL]HGSV\FKRORJLFDOVWUHVVWHVWDSSURSULDWH
DW WKLV DJH 0F$UWKXU 6WRU\ 6WHP%DWWHU\066% ,Q SDUDOOHO FKLOGUHQ¶V
SV\FKRORJLFDO DQG SV\FKRVRFLDO DVVHVVPHQW ZDV FDUULHG RXW DV GHVFULEHG
HOVHZKHUH
5HVXOWV%DVHOLQH+3$V\VWHPDFWLYLW\ZDVVLJQL¿FDQWO\ LQFUHDVHGLQJLUOV
ZKHQ FRPSDUHG WR ER\V S )XUWKHUPRUH KLJK PRUQLQJ FRUWLVRO
VHFUHWRUVSUHGLFWHGDKLJKKRUPRQDOUHOHDVHGXULQJWKH066%ZLWK±DJDLQ
 IHPDOHV VKRZLQJKLJKHUKRUPRQDO UHVSRQVHV WKDQPDOHV S$GGL
WLRQDOO\KHLJKWHQHG+3$V\VWHPDFWLYLW\ZDVUHODWHGWRXQIDYRUDEOHSV\FKR
ORJLFDOYDOXHVLQDJHQGHUVSHFL¿FPDQQHUZKHUHDVER\VKDGDQLQFUHDVHG
K\SHUDFWLYLW\LPSXOVLYLW\= SDQGPRUHFRQGXFWH[WHUQDOL]LQJ
SUREOHPV= SJLUOVH[SHULHQFHGPRUHHPRWLRQDOLQWHUQDOL]LQJ
SUREOHPV = S6OHHS UHFRUGLQJV UHYHDOHGVHYHUHGLVWXUEDQFHV
LQXSWRRIWKHLQYHVWLJDWHGFKLOGUHQZLWKQRJHQGHUGLIIHUHQFH3DUWLFX
ODUO\WKHVHVXEMHFWVKDGVLJQL¿FDQWO\LQFUHDVHGPRUQLQJFRUWLVROYDOXHVZKHQ
FRPSDUHG WRJRRGVOHHSHUV S0RUHRYHU WKH\VKRZHGVLJQL¿FDQWO\
HOHYDWHG VFRUHVRIG\VUHJXODWHGDJJUHVVLRQDQGRI DZRUVH IDPLO\ FOLPDWH
S
&RQFOXVLRQV7KHSUHVHQWUHVXOWVLQFKLOGUHQSRLQWWRDSRVVLEOHRFFXUUHQFH
RI QHXURELRORJLFDO DEQRUPDOLWLHV DOUHDG\ HDUO\ LQ GHYHORSPHQW 7KHVH DO
WHUDWLRQVPD\EHJHQGHUVSHFL¿FDOUHDG\DWWKHDJHRI\HDUV3URVSHFWLYH
ORQJWHUPIROORZXSRIWKHVHLGHQWL¿HGVXEMHFWVZLOOFODULI\LIWKHVHPDUNHUV
DUHSUHGLFWLYHIRUWKHRQVHWRISV\FKLDWULFGLVRUGHUV
5HIHUHQFHV
.UDHPHU+&HWDO$QHZDSSURDFKWRLQWHJUDWLQJGDWDIURPPXOWLSOH
LQIRUPDQWV LQ SV\FKLDWULF DVVHVVPHQW DQG UHVHDUFK PL[LQJ DQG PDWFKLQJ
FRQWH[WVDQGSHUVSHFWLYHV$P-3V\FKLDWU\
6
*HQGHU'LIIHUHQFHVLQ6OHHS5HJXODWLRQLQ'HSUHVVLRQ
5RVHDQQH$UPLWDJH
8QLYHUVLW\RI0LFKLJDQ$QQ$UERU0,86$
2EMHFWLYHV6HYHUDOVWXGLHVKDYHVXJJHVWHGWKDWJHQGHUGLIIHUHQFHVLQVOHHS
((*LQKHDOWK\DGXOWVDUHUHODWLYHO\VXEWOHXQGHUEDVHOLQHFRQGLWLRQVDQGDUH
PRUHHYLGHQWDIWHUVWUHVVRUFKDOOHQJHWRUHJXODWRU\V\VWHPV+RZHYHUJHQ
GHUGLIIHUHQFHVLQSDWLHQWVZLWKPDMRUGHSUHVVLYHGLVRUGHUVDUHHYLGHQWHYHQ
LQEDVHOLQHVOHHSDQGDUHODUJHUWKDQWKRVHREVHUYHGLQKHDOWK\DGXOWV,W
KDVDOVREHHQVXJJHVWHGWKDWWKHVHJHQGHUGLIIHUHQFHVDUHQRWHYLGHQWXQWLO
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
SXEHUW\FRLQFLGHQWZLWKWKHLQFUHDVHLQUDWHVRIGHSUHVVLRQLQIHPDOHVVXJ
JHVWLQJ WKDW VOHHS DQG ELRORJLFDO UK\WKP UHJXODWLRQ DUH DJH GLVHDVH DQG
JHQGHUGHSHQGHQW 7KLV SUHVHQWDWLRQ ZLOO GLVFXVV RXU UHFHQW UHVHDUFK RQ
VOHHS ((* FLUFDGLDQ UK\WKP UHJXODWLRQ DQG VORZZDYH DFWLYLW\ LQPDMRU
GHSUHVVLYHGLVRUGHUVWKURXJKRXWWKHOLIHF\FOH
0HWKRGV7KH¿UVWVWXG\HYDOXDWHGWKHDPSOLWXGHRIFLUFDGLDQUHVWDFWLYLW\
F\FOHVDQGOLJKWH[SRVXUHRYHUFRQVHFXWLYHGD\VLQV\PSWRPDWLFXQ
PHGLFDWHG\RXQJGHSUHVVHGRXWSDWLHQWV\HDUVRIDJHDQGKHDOWK\FRQ
WUROV7KHVHFRQGVWXG\FRQGXFWHGLQWKHVDPHVXEMHFWVHYDOXDWHGVOHHS((*
DQGXOWUDGLDQUK\WKPUHJXODWLRQRYHUFRQVHFXWLYHQLJKWVLQWKHODERUDWRU\
7KHWKLUGVWXG\GLUHFWO\FKDOOHQJHGVOHHSKRPHRVWDVLVDQGWKHUHJXODWLRQRI
VORZZDYHDFWLYLW\E\GHOD\LQJVOHHSRQVHWDQGH[WHQGLQJSULRUZDNHIXOQHVV
E\KRXUVLQKHDOWK\DQGGHSUHVVHGDGXOWV\HDUVRIDJH
5HVXOWV7KHFLUFDGLDQUK\WKPVWXG\UHYHDOHGVLJQL¿FDQWO\ORZHUDPSOLWXGH
UHVWDFWLYLW\F\FOHVDQG ORZHUGDLO\ OLJKWH[SRVXUH LQ WKH\RXQJGHSUHVVHG
RXWSDWLHQWV &LUFDGLDQ DPSOLWXGH ZDV ORZHVW LQ GHSUHVVHG JLUOV UHJDUG
OHVV RI DJH 'DPSHG FLUFDGLDQ DPSOLWXGH ZDV RQO\ HYLGHQW LQ DGROHVFHQW
GHSUHVVHGER\VEXWQRWLQWKRVH\HDUVRIDJH&LUFDGLDQDPSOLWXGHZDV
DOVRVWURQJO\FRUUHODWHGZLWKWHPSRUDOFRKHUHQFHRIVOHHS((*UK\WKPVLQ
GHSUHVVHGJLUOV%\FRQWUDVWVORZZDYHDFWLYLW\ZDVUHGXFHGLQGHSUHVVHG
DGROHVFHQWER\VEXWQRWLQGHSUHVVHGJLUOV7KHVOHHSGHOD\VWXG\FRQ¿UPHG
WKDWGHSUHVVHGPHQVKRZHGDEOXQWHGVORZZDYHDFWLYLW\UHVSRQVHWRKRPH
RVWDWLF FKDOOHQJH 1R HYLGHQFH RI KRPHRVWDWLF LPSDLUPHQW ZDV REWDLQHG
LQ GHSUHVVHGZRPHQ$PRQJ WKH FRQWURO VXEMHFWVZRPHQ DOVR VKRZHG D
VLJQL¿FDQWO\ JUHDWHU UHVSRQVH WR VOHHS GHOD\ WKDQ GLGPHQ ,Q DOO VWXGLHV
JHQGHUGLIIHUHQFHVZHUHJUHDWHULQWKHGHSUHVVHGJURXSWKDQWKRVHREWDLQHG
LQKHDOWK\SDUWLFLSDQWV
&RQFOXVLRQV7KHVHVWXGLHVLQGLFDWHWKDWVOHHSDQGFLUFDGLDQUK\WKPUHJXOD
WLRQDUHDEQRUPDOLQPDMRUGHSUHVVLYHGLVRUGHUVEXWDUHVLJQL¿FDQWO\LQÀX
HQFHGE\DJHDQGJHQGHU7KHVH¿QGLQJVVXJJHVWDGLIIHUHQWLDOSDWKRSK\VLRO
RJ\RIGHSUHVVLRQDPRQJPDOHVDQGIHPDOHV,WLVVXJJHVWHGWKDWGHSUHVVLRQ
LWVHOIPD\DFWDVDVWUHVVRUFKDOOHQJLQJVOHHSDQGFLUFDGLDQUK\WKPUHJXOD
WLRQ7KHUHVSRQVHWRWKLVFKDOOHQJHLVKRZHYHUJHQGHUGHSHQGHQW
5HIHUHQFHV
$UPLWDJH5+RIIPDQQ57ULYHGL05XVK$-6ORZZDYHDFWLYLW\
LQ15(0VOHHS6H[DQGDJHHIIHFWV LQGHSUHVVHGRXWSDWLHQWVDQGKHDOWK\
FRQWUROV3V\FKLDWU\5HVHDUFK
$UPLWDJH5+RIIPDQQ56OHHS((*GHSUHVVLRQDQGJHQGHU6OHHS
0HGLFLQH5HYLHZV
%LUPDKHU%+H\GO3%LRORJLFDOVWXGLHV LQGHSUHVVHGFKLOGUHQDQG
DGROHVFHQWV ,QWHUQDWLRQDO -RXUQDO RI 1HXURSV\FKRSKDUPDFRORJ\ 

6
7KH,QIOXHQFHVRI3HSWLGHV*HQGHUDQG$JHRQ6OHHS
3URPRWLRQE\6OHHS'HSULYDWLRQ
$[HO6WHLJHU
0D[3ODQFN,QVWLWXWHRI3V\FKLDWU\0XQLFK*HUPDQ\
3HWUD6FKXHVVOHU0DQIUHG8KU$OH[DQGHU<DVVRXULGLV
2EMHFWLYHV 6OHHS GHSULYDWLRQ LV WKH PRVW SRZHUIXO PHWKRG WR SURPRWH
VOHHS 'XULQJ WKH UHFRYHU\ QLJKW DIWHU VOHHS GHSULYDWLRQ VORZZDYH VOHHS
6:6 DQG UDSLGH\HPRYHPHQW VOHHS 5(06 LQFUHDVH DQG LQWHUPLWWHQW
ZDNHIXOQHVV GHFUHDVHV 'XULQJ VOHHS D ELGLUHFWLRQDO LQWHUDFWLRQ H[LVWV
EHWZHHQVOHHS((*DQGKRUPRQHVHFUHWLRQ1HXURSHSWLGHVZHUHGHOLQHDWHG
WR EH FRPPRQ UHJXODWRUV RI WKHVH FRPSRQHQWV RI VOHHS ,Q PDOH KXPDQ
VXEMHFWV DQG DQLPDOV JURZWK KRUPRQH*+UHOHDVLQJ KRUPRQH *+5+
VWLPXODWHV6:6DQG*+DQGEOXQWVWKHKRUPRQHVRIWKHK\SRWKDODPRSLWXL
WDU\DGUHQRFRUWLFDO+3$V\VWHP&RUWLFRWURSLQUHOHDVLQJKRUPRQH&5+
H[HUWV RSSRVLWH HIIHFWV7KHVH ¿QGLQJV VXJJHVW D UHFLSURFDO LQWHUDFWLRQ RI
*+5+DQG&5+LQVOHHSUHJXODWLRQ,QIHPDOHVKRZHYHU*+5+LPSDLUV
VOHHSDQGHQKDQFHV+3$KRUPRQHV3UHFOLQLFDOVWXGLHVVXJJHVWWKDW*+5+
SDUWLFLSDWHV LQ WKHVOHHSSURPRWLRQDIWHUVOHHSGHSULYDWLRQ7KHUHLVD ODFN
RIVWXGLHVRQWKHHIIHFWVRI*+5+DQG&5+RQKXPDQVOHHSLQWKHUHFRYHU\
QLJKWDIWHUVOHHSGHSULYDWLRQ,QRUGHUWRGLVHQWDQJOHWKHLQÀXHQFHVRIWKHVH
SHSWLGHVJHQGHUDQGDJHRQWKLVLVVXHZHSHUIRUPHGDVOHHSHQGRFULQHVWXG\
LQFRQWUROV
0HWKRGVQRUPDOVXEMHFWVWR\HDUVROGZHUHLQYHVWLJDWHGGXULQJ
FRQVHFXWLYHQLJKWV$IWHURQHQLJKWRIDGDSWDWLRQVOHHS((*ZDVUHFRUGHG
IURP  WR  DQG KRUPRQH SUR¿OHV ZHUH FROOHFWHG VLPXOWDQHRXVO\
7KLVEDVHOLQHQLJKWZDVIROORZHGE\KRXUVRIVOHHSGHSULYDWLRQ'XULQJ
WKHUHFRYHU\QLJKWVOHHSHQGRFULQHDFWLYLW\ZDVUHWHVWHG7KHQDJHPDWFKHG
JURXSVRIZRPHQDQGPHQUHFHLYHGEHWZHHQDQGKRXUO\EROXV
LQMHFWLRQVRIHLWKHUSODFHER3/[XJ&5+RU[XJ*+5+
5HVXOWV&RPSDUHG WREDVHOLQHVOHHSHI¿FLHQF\ LQGH[6(,6:65(06
DQG 1RQ5(06 LQFUHDVHG DQG ZDNHIXOQHVV GHFUHDVHG DIWHU HDFK RI WKH 
WUHDWPHQWV7KHHIIHFWRI*+5+RQ6(,DQGZDNHIXOQHVVZDVPRUHGLVWLQFW
WKDQDIWHU3/7KHLQFUHDVHRI5(06ZDVKLJKHVWDIWHU*+5+DQGORZHVW
DIWHU&5+7KHHQKDQFHPHQWRI6:6ZDVPRUHSURQRXQFHGLQZRPHQWKDQ
LQPHQ
&RQFOXVLRQV2XUGDWDVXJJHVW WKDW*+5+DXJPHQWV WKHVOHHSSURPRWLRQ
DIWHUVOHHSGHSULYDWLRQ7KHUHGXFHGVWLPXODWLRQRI5(06DIWHU&5+GXULQJ
WKHUHFRYHU\QLJKWLVLQOLQHZLWKWKH5(06VXSSUHVVLRQDIWHU&5+LQ\RXQJ
PDOHV,QIHPDOHVKRZHYHU&5+DSSHDUVWRHQKDQFH6:6
5HIHUHQFHV
2EiO).UXHJHU-*+5+DQGVOHHS6OHHS0HG5HY
6WHLJHU$6OHHSDQGHQGRFULQHUHJXODWLRQ)URQW%LRVFLVV
6XSSRUWHG E\ D JUDQW IURP WKH 'HXWVFKH )RUVFKXQJVJHPHLQVFKDIW <$

6
*URZWK+RUPRQH5HOHDVLQJ+RUPRQH6OHHSDQG&RJQLWLRQLQ
2OGHU$GXOWV
0LFKDHO99LWLHOOR
8QLYHUVLW\RI:DVKLQJWRQ86$
*HRUJH50HUULDP.DUHQ(0RH*LXOLDQD0D]]RQL
5REHUW66FKZDUW]
2EMHFWLYHV 3K\VLRORJLFDO V\VWHPV WKDW PDLQWDLQ RSWLPDO KHDOWK DQG ZHOO
EHLQJ GHFOLQH ZLWK DGYDQFLQJ DJH $V D UHVXOW DHURELF FDSDFLW\ PXVFOH
PDVVDQGVWUHQJWKSURJUHVVLYHO\GLPLQLVKVOHHSGLVWXUEDQFHV LQFUHDVHDQG
FRJQLWLYHIXQFWLRQVGHFOLQH,QWHUYHQWLRQVWKDWVWDELOL]HRUSRVVLEO\LPSURYH
WKHVHFKDQJHVKDYHWKHSRWHQWLDOWRSURORQJDQROGHULQGLYLGXDO¶VDELOLW\WR
OLYHZHOODQGLQGHSHQGHQWO\2QHVXFKLQWHUYHQWLRQPD\EHJURZWKKRUPRQH
UHOHDVLQJKRUPRQH*+5+VWLPXODWLRQRIWKHVRPDWRWURSKLFKRUPRQHD[LV
:H UHFHQWO\ FRPSOHWHG D ODUJH UDQGRPL]HG WUDLO H[DPLQLQJ WKH HIIHFWV RI
FKURQLF *+5+ WUHDWPHQW RQ WKH VOHHS TXDOLW\ DQG FRJQLWLYH IXQFWLRQ RI
KHDOWK\ROGHUDGXOWV
0HWKRGV (LJKW\QLQH  FDUHIXOO\ VFUHHQHG KHDOWK\ ROGHU 
\HDUVDGXOWVPHQDQGZRPHQZHUHUDQGRPL]HGWRPRQWKVRIGDLO\
SUHEHGWLPHVHOILQMHFWLRQVRIHLWKHU*+5+RUSODFHER3UHDQGSRVWWUHDW
PHQWVXEMHFWVSDUWLFLSDWHGLQDVVHVVPHQWVRIVRPDWRWURSKLFKRUPRQHVERG\
FRPSRVLWLRQVOHHSTXDOLW\DQGFRJQLWLYHIXQFWLRQ
5HVXOWV&KURQLF*+5+WUHDWPHQWGRXEOHG S LQWHJUDWHGKU*+
VHFUHWLRQ,*),OHYHOVURVHaVLJQL¿FDQWO\S*+5+WUHDWPHQW
LQFUHDVHG OHDQ ERG\PDVV a DQG GHFUHDVHG ERG\ IDW a SDUWLFX
ODUO\LQWUDDEGRPLQDOIDWaDOOVLJQL¿FDQWO\S1RVLJQL¿FDQW
FKDQJHV ZHUH VHHQ RQ DQ\ PHDVXUH RI VOHHS TXDOLW\ *+5+ WUHDWPHQW
LPSURYHGSHUIRUPDQFHRQDQXPEHURIFRJQLWLYHWDVNVLQFOXGLQJ:$,65
3HUIRUPDQFH,4S:$,653LFWXUH$UUDQJHPHQWS)LQGLQJ
$¶VS9HUEDO6HWVSDQG6LQJOH'XDO7DVNS,PSURYH
PHQWVLQFRJQLWLRQZHUHLQGHSHQGHQWRIJHQGHUHVWURJHQVWDWXVRUEDVHOLQH
FRJQLWLYHFDSDFLW\
&RQFOXVLRQV&KURQLF*+5+WUHDWPHQW LQFUHDVHGVRPDWRWURSKLFKRUPRQH
VHFUHWLRQ DQG LPSURYHG ERG\ FRPSRVLWLRQ*+5+ GLG QRW LPSURYH VOHHS
TXDOLW\ SRVVLEO\ EHFDXVH RI WKH VKRUW GXUDWLRQ RI DFWLRQ PLQXWHV RI WKH
*+5+ IRUPXODWLRQ XVHG DQGRU WKH SUHEHG WLPLQJ a PLQXWHV RI LWV
DGPLQLVWUDWLRQ )LQDOO\ *+5+ WUHDWPHQW UHVXOWHG LQ VLJQL¿FDQW LPSURYH
PHQWaLQFRJQLWLYHIXQFWLRQVSDUWLFXODUO\WKRVHWKDWLQYROYHSUREOHP
VROYLQJDQGSV\FKRPRWRUSURFHVVLQJVSHHG7KHVHUHVXOWVGHPRQVWUDWHWKDW
DJHUHODWHG GHFOLQH LQ WKH VRPDWRWURSKLF D[LV DFWLYLW\ PD\ EH UHODWHG WR
DJHUHODWHGGHFOLQHLQFRJQLWLRQDQGWKDWVXSSOHPHQWDWLRQRIWKLVD[LVPD\
SDUWLDOO\DPHOLRUDWHVXFKFRJQLWLYHGHFOLQHVLQKHDOWK\QRUPDOROGHUDGXOWV
DQGSRWHQWLDOO\ LQ LQGLYLGXDOVZLWK LPSDLUHGFRJQLWLYH IXQFWLRQ LH0LOG
&RJQLWLYH,PSDLUPHQWDQG$O]KHLPHU¶VGLVHDVH
5HIHUHQFHV
9LWLHOOR HW DO*+5+'RHV1RW ,PSURYH WKH 6OHHS4XDOLW\ RI+HDOWK\
2OGHU$GXOWV6OHHS$EVW6XSSO$
 9LWLHOOR HW DO *+5+ ,PSURYHV &RJQLWLYH )XQFWLRQ LQ +HDOWK\ 2OGHU
$GXOWV1HXURELRRI$JLQJLQSUHVV
6XSSRUWHGE\3+6JUDQWV.20+DQG0+099$*
5660255DQG6HURQR/DERUDWRULHV,QF
/4(%2¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
6OHHS((*DQG&RJQLWLYH3HUIRUPDQFHLQ+HDOWK\(OGHUO\DQG
3DWLHQWVZLWK'LIIHUHQW7\SHVRI'HPHQWLD
8OULFK+HPPHWHU
3V\FKLDWULF8QLYHUVLW\&OLQLF0DUEXUJ*HUPDQ\3V\FKLDWULF
8QLYHUVLW\&OLQLFV83.%DVHO6ZLW]HUODQG
$7KXP55RFDPRUD-UJ&KULVWLDQ.ULHJ
(GLWK+ROVERHU7UDFKVOHU
2EMHFWLYHV6OHHSDQGFRJQLWLYHSHUIRUPDQFHFKDQJHZLWK LQFUHDVLQJDJH
3RO\VRPQRJUDSKLF GDWD RI KHDOWK\ HOGHUO\ VXEMHFWV VKRZ WKDW VOHHS GXUD
WLRQLVGLPLQXLVKHGDQGSUHGRPLQDQWO\1RQ5(0VOHHSLQWHQVLW\LVUHGXFHG
ZKLOH WKH DPRXQW RI 5(0 VOHHS LV PDLQO\ SUHVHUYHG ,Q DGGLWLRQ DOVR
FRJQLWLYH SHUIRUPDQFH GHFUHDVHV ZLWK LQFUHDVLQJ DJH LQFOXGLQJ DWWHQWLRQ
DQGPHPRU\'HPHQWLD LV WKHPDMRU QHXURSV\FKLDWULF GLVHDVH RI ODWHU OLIH
DIIHFWLQJERWKFRJQLWLYHIXQFWLRQDQGVOHHS)URPDQLPDODQGKXPDQVWXGLHV
LW LVNQRZQWKDWGLVWLQFWVOHHS((*SDUDPHWHUVDUHFORVHO\DVVRFLDWHGZLWK
FRJQLWLYHSHUIRUPDQFH7KHUHIRUH WKH DOWHUDWLRQRI VOHHS LQ ODWHU OLIHPD\
KDYHDQLPSDFWRQFRJQLWLYHSHUIRUPDQFHRIVXEMHFWVDQGSDWLHQWV
0HWKRGV'DWDRI WZRVWXGLHVZLOOEHSUHVHQWHG$ UDQGRPL]HGGRXEOH
EOLQG SODFHER FRQWUROOHG VWXG\ HYDOXDWLQJ WKH HIIHFWV RI ]RSLFORQH DQG
WHPD]HSDP RQ VOHHS ((* DQ FRJQLWLYH SHUIRUPDQFH LQ KHDOWK\ HOGHUO\
VXEMHFWV$FXUUHQWO\RQJRLQJRSHQFOLQLFDOVWXG\HYDOXDWLQJSDWLHQWVZLWK
GLIIHUHQWW\SHVRIGHPHQWLDE\SRO\VRPQRJUDSK\DWEDVHOLQHEHIRUHVWDUWRI
DQWLGHPHQWLYH WUHDWPHQWZLWKFKROLQHVWHUDVH LQKLELWRUVDQGZLWKRXWIXUWKHU
SV\FKRWURSLFPHGLFDWLRQDQGXQGHUFRQVWDQWWUHDWPHQWDIWHUWRPRQWKV
5HVXOWV7KHGDWDRIWKHVWXG\LQHOGHUO\YROXQWHHUVVKRZHGWKDWWKHDSSOLFD
WLRQRI]RSLFORQHFRXOGLPSURYHVRPHDVSHFWVRIWKHDJHUHODWHGDOWHUDWLRQV
RIVOHHSSDWWHUQDQGFRJQLWLYHSHUIRUPDQFH
,Q GHPHQWHG SDWLHQWV VOHHS FRQWLQXLW\ ZDV WUHPHQGRXVO\ GLVWXUEHG 3UH
GRPLQDQWO\ LQ SDWLHQWVZLWK GHPHQWLD RI$O]KHLPHU W\SH '$7 VOHHS UH
ODWHGEUHDWKLQJGLVRUGHUV65%'DQGSHULRGLFOHJPRYHPHQWVGXULQJVOHHS
3/06ZHUH IUHTXHQWO\ IRXQG DQG FORVHO\ UHODWHG WR WKH GLVWXUEHG VOHHS
SDWWHUQ)XUWKHUPRUH5(0VOHHSZDVUHGXFHGLQ'$7FRPSDUHGWRKHDOWK\
FRQWUROVDQGIURQWRWHPSRUDOGHPHQWLD
7UHDWPHQW ZLWK FKROLQHVWHUDVH LQKLELWRUV &KH, LQFUHDVHG 5(0VOHHS LQ
SDWLHQWVZLWK'$7EXWQRW LQRWKHU IRUPVRIGHPHQWLDZLWKRXWPDMRU LP
SURYHPHQWRIVOHHSFRQWLQXLW\
&RQFOXVLRQV$JHUHODWHGGLVWXUEDQFHRIVOHHSSDWWHUQDQGLPSDLUHGFRJQL
WLYHSHUIRUPDQFH LQKHDOWK\HOGHUO\FDQEHFRUUHFWHGERWK DW OHDVW LQSDUW
E\WKHDSSOLFDWLRQRI]RSLFORQH,QGHPHQWLDSUHGRPLQDQWO\LQ'$7VOHHS
FRQWLQXLW\DQG5(0VOHHSDUH UHGXFHGSDUWO\FDXVHGE\FRPRUELGLW\ZLWK
65%'DQG3/06,QDGGLWLRQWUHDWPHQWZLWK&KH,LQFUHDVH5(0VOHHS
%DVHGRQWKHVHGDWDZHFRQFOXGHWKDWLPSURYHPHQWRIVOHHSSDWWHUQLQHOG
HUO\DQGLQGHPHQWLDPD\KDYHEHQH¿FLDOHIIHFWVIRUGD\WLPHSHUIRUPDQFH
6
7KH(IIHFWVRI(WKDQRORQ1HXURQDO6XUYLYDO
'LIIHUHQWLDWLRQDQG'HDWK
6
(WKDQRO:LWKGUDZDO6\QGURPHLV)DFLOLWDWHGE\W3$
5REHUW3DZODN
/DERUDWRU\RI1HXURELRORJ\DQG*HQHWLFV7KH5RFNHIHOOHU
8QLYHUVLW\1HZ<RUN86$
-HUU\30HOFKRU7RPDV]0DW\V$QQD6NU]\SLHF
6LGQH\6WULFNODQG
2EMHFWLYHV&KURQLFHWKDQRODEXVHFDXVHVXSUHJXODWLRQRI10'$UHFHS
WRUV ZKLFK FRQWULEXWHV WR VHL]XUHV DQG EUDLQ GDPDJH XSRQ HWKDQRO ZLWK
GUDZDO DQG PD\ LQYROYH 10'$UHFHSWRU UHJXODWRUV LQ HWKDQROVHQVLWLYH
EUDLQUHJLRQV2QHFDQGLGDWHUHJXODWRULVWLVVXHSODVPLQRJHQDFWLYDWRUW3$
DVHULQHSURWHDVHKLJKO\H[SUHVVHGLQWKHKLSSRFDPSXVDQGDP\JGDOD
W3$LVLQYROYHGLQYDULRXVIRUPVRIQHXURQDOSODVWLFLW\LQFOXGLQJWKRVH
XQGHUO\LQJDGGLFWLRQDQGVWUHVVLQGXFHGDQ[LHW\6LQFHW3$KDVEHHQ
UHSRUWHG WR SRWHQWLDWH10'$ UHFHSWRU VLJQDOLQJ  LW FRXOG VHUYH DV DQ
HIIHFWRUSURWHDVHOLQNLQJPRGXODWLRQRI10'$UHFHSWRUVZLWKWKHGHYHORS
PHQWRIHWKDQROGHSHQGHQFH
0HWKRGV ([SHULPHQWV ZHUH SHUIRUPHG RQ ZLOGW\SH &%O DQG W3$
PLFH7KHPLFHZHUHJLYHQDOLTXLGGLHW%LR6HUY86$FRQWDLQLQJ
YYHWKDQRODQGYLWDPLQVXSSOHPHQWIRUGD\V(WKDQROZLWKGUDZDO
(:ZDVLQLWLDWHGRQGD\E\UHPRYLQJWKHHWKDQROFRQWDLQLQJGLHWDQG
UHSODFLQJLWZLWKHWKDQROIUHHGLHW%HKDYLRUDOKLVWRORJLFDODQGELRFKHPLFDO
DQDO\VHV ZHUH SHUIRUPHG LQ PLFH XQGHUJRLQJ HWKDQRO WUHDWPHQW(: DQG
FRPSDUHGZLWKHWKDQROQDwYHFRQWUROV
5HVXOWV:H IRXQG WKDW W3$ LV LQGXFHG LQ WKH OLPELF V\VWHPE\ FKURQLF
HWKDQROFRQVXPSWLRQ WHPSRUDOO\FRLQFLGLQJZLWKXSUHJXODWLRQRI10'$
UHFHSWRUV W3$ LQWHUDFWV ZLWK 15%FRQWDLQLQJ 10'$ UHFHSWRUV DQG LV
UHTXLUHGIRUXSUHJXODWLRQRIWKH15%VXEXQLWLQUHVSRQVHWRHWKDQROW3$
DOVR DFWLYDWHV SODVPLQRJHQ WR SODVPLQ DQG WKLV EURDG VSHFWUXP SURWHDVH
SURPRWHV QHXURQDO GHDWK$V D FRQVHTXHQFH W3$GH¿FLHQW PLFH KDYH UH
GXFHG15%DQG(5.SKRVSKRU\ODWLRQVHL]XUHVDQGQHXURGHJHQHUDWLRQ
DIWHU HWKDQROZLWKGUDZDO W3$PHGLDWHG IDFLOLWDWLRQ RI HWKDQROZLWKGUDZDO
VHL]XUHVLVDEROLVKHGE\DQ15%VSHFL¿F10'$DQWDJRQLVWLIHQSURGLO
&RQFOXVLRQV 7KHVH UHVXOWV LQGLFDWH WKDW W3$ FRQWULEXWHV WR HWKDQROZLWK
GUDZDOVHL]XUHVDQGQHXURGHJHQHUDWLRQE\ERWKSODVPLQRJHQGHSHQGHQWDQG
LQGHSHQGHQWPHFKDQLVPV
5HIHUHQFHV
6DSSLQR$3HWDO-&OLQ,QYHVW
%DUDQHV'HWDO1HXURQ
0DGDQL5HWDO(0%2-
4LDQ=HWDO1DWXUH
6HHGV1:HWDO6FLHQFH
1DJDL7HWDO3URF1DWO$FDG6FL86$
3DZODN5HWDO1DW1HXURVFL
1LFROH2HWDO1DW0HG
6
(OHFWURSK\VLRORJLFDO$VSHFWVRI$OFRKRO'HSHQGHQFH
'DL-LQ.LP
7KH&DWKROLF8QLYHUVLW\RI.RUHD+RO\)DPLO\+RVSLWDO
3V\FKLDWU\5HSXELFRI.RUHD
2EMHFWLYHV$OFRKRO LV WKHPRVWFRPPRQO\XVHGDQGDEXVHGFHQWUDOQHUY
RXV V\VWHP VXSSUHVVDQW DPRQJ SV\FKRDFWLYH VXEVWDQFHV )ROORZHG E\
FDUGLRYDVFXODUGLVHDVHVDQGFDQFHUVLWLVEHFRPLQJWKHWKLUGVHULRXVSXEOLF
KHDOWK LVVXH LQ IRFXV /RQJWHUP FKURQLF DOFRKRO FRQVXPSWLRQ LV DVVRFL
DWHGZLWK UHJLRQDO VWUXFWXUDOEUDLQGDPDJHDQGFRJQLWLYHGH¿FLW LQFOXGLQJ
PHPRU\LPSDLUPHQW7KHUHFHQWGHYHORSPHQWRIQHZWRROVIRUVWUXFWXUDODQG
IXQFWLRQDOQHXURLPDJLQJDQGHOHFWURHQFKDJUDSKLF((*DSSURDFKHQDEOHV
WRXQGHUVWDQG WKHEUDLQ VHTXHODHRIFKURQLFDOFRKROXVHDQGEUDLQ UHJLRQV
DFWLYHZKHQDOFRKROLFVKDVXUJHWRGULQNFUDYLQJ
0HWKRGV7KHDXWKRUZLOOSUHVHQW WKUHHNLQGVRI UHVHDUFKDERXWQRQOLQHDU
DQDO\VLVRI((*DQG63(&7VWXGLHVZLWKDOFRKROGHSHQGHQFHSDWLHQWV
5HVXOWV7KH¿UVWRIRQHLVWKDWWRGHWHUPLQHLIDOFRKROGHSHQGHQFHSDWLHQWV
ZRXOGH[KLELWDQ\GLIIHUHQFHLQFRPSOH[LW\RIUHVWLQJ((*SDWWHUQFRPSDUHG
ZLWKWKDWRIQRUPDOFRQWUROVE\XVLQJWKHDSSUR[LPDWHHQWURS\DQGPDUNHG
GHFUHDVHLQ$S(QYDOXHVRIWKH((*DWDOOORFLRYHUWKHVFDOS7KHVHFRQG
RI RQH LV WKDW WRPHDVXUH WKH FHUHEUDO EORRGÀRZXVLQJE\7FP(&'
$QDO\]LQJE\WKH630ZHIRXQGWKDWSDWLHQWVZLWKDOFRKROLFGHPHQWLDKDG
DVLJQL¿FDQWFKDQJHLQSHUIXVLRQSDWWHUQVLQEUDLQ
7KHODWWHUUHVHDUFKLVWKDWWRH[DPLQHWKHXWLOLW\RIWKH((*WRPHDVXUHWKH
FKDQJHVLQHOHFWULFDOEUDLQDFWLYLW\RIDOFRKROLFVZKHQH[SRVHGWRDOFRKRO
VSHFL¿F FXHV ,Q DGGLWLRQ QRQOLQHDU PHDVXUHV OLNH WKH ' DUH XVHIXO LQ
HYDOXDWLQJDOFRKROFXHLQGXFHGEUDLQDFWLYLW\IURPWKH((*
&RQFOXVLRQV6RZHVXJJHVWWKDWWKHFRPSOH[LW\DQDO\VLVXVLQJWKH$S(1
'DQG63(&7E\630DQGPLJKWEHXVHIXOLQGLDJQRVLQJDOFRKROGHSHQG
HQFHDOFRKROLFGHPHQWLDDQGTXDQWLI\LQJWKHSURJUHVVRIWKHGLVHDVH
/4(%2¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6
7UDQVFULSWLRQDO6LJQDOLQJ&KDQJHE\(WKDQROWKDW5HJXODWHV
1HXURQDO'LIIHUHQWLDWLRQLQ1HXUDO6WHP&HOOV
:DWDUX8NDL
6DSSRUR0HGLFDO8QLYHUVLW\6DSSRUR-DSDQ
0DVDUX7DWHQR7DNDR,VKLL(UL+DVKLPRWR+LURVKL,NHGD
7RVKLND]X6DLWR
2EMHFWLYHV (PHUJLQJ HYLGHQFH VXJJHVW WKDW PDQ\ RI FOLQLFDO V\PSWRPV
REVHUYHG LQ DOFRKROLFV DUH OLNHO\ UHODWHG WR WKH HWKDQROLQGXFHG DOWHUDWLRQ
RI QHXURJHQHVLV 7KH SURFHVV RI QHXURJHQHVLV ZKLFK FRQWLQXHV WKURXJK
DGXOWKRRG FRQVLVWV RI IRXU VWHSV VXUYLYDO SUROLIHUDWLRQ PLJUDWLRQ DQG
GLIIHUHQWLDWLRQ
0HWKRGV:HLQYHVWLJDWHGWKHHIIHFWRIHWKDQRORQHDFKVWHSLQQHXURJHQHVLV
E\XVLQJQHXUDOVWHPSURJHQLWRUFHOOV16&VSUHSDUHGIURPWHOHQFHSKDORQV
RI ( UDW HPEU\RV 7KH VXUYLYDO SUROLIHUDWLRQ PLJUDWLRQ DQG GLIIHUHQ
WLDWLRQ RI16&VZHUH DVVHVVHG E\077 DVVD\ %UG8 LQFRUSRUDWLRQ DVVD\
FKHPRWD[LVDVVD\DQGLPPXQRVWDLQLQJIROORZHGE\(/,6$0$3(/,6$
UHVSHFWLYHO\:H DOVR SHUIRUPHG:HVWHUQ EORW DQDO\VLV WR REVHUYH DOWHUD
WLRQVRIH[SUHVVLRQRILQWUDFHOOXODUPROHFXOHVWKDWPHGLDWHWUDQVPLVVLRQRI
H[WUDFHOOXODU VLJQDOV LQLWLDWHGE\QHXURWURSKLF IDFWRUV ,Q DGGLWLRQ WRZHOO
XQGHUVWDQGWKHPROHFXODUHYHQWXQGHUO\LQJWKHPHFKDQLVPRIHWKDQROLQKLEL
WLRQRIQHXURQDOGLIIHUHQWLDWLRQZHPHDVXUHGWKHWUDQVFULSWLRQIDFWRU&5(%
DFWLYLW\DQG'1$ELQGLQJDFWLYLW\RI156)WKRVHUHJXODWHWKHH[SUHVVLRQRI
QHXURQDOJHQHV
5HVXOWV(WKDQROVKRZHGWKHPRVWHIIHFWRQ WKHVWDJHRIGLIIHUHQWLDWLRQ LQ
WKH SURFHVV RI QHXURJHQHVLV 8QGHU WKH H[SHULPHQWDO FRQGLWLRQ ZH XVHG
ZKLFKLVUHODWLYHO\VSHFL¿FWRWKHLQGXFWLRQRIQHXURQVHWKDQROVXSSUHVVHG
QHXURQDO GLIIHUHQWLDWLRQ DW FRQFHQWUDWLRQV WKDW GLG QRW DIIHFW VXUYLYDO RI
16&V DQG QHXURQV ZKHUHDV LW LQFUHDVHG JHQHUDWLRQ RI DVWRF\WHV DQG ROL
JRGHQGURF\WHV7KHVH HIIHFWV E\ HWKDQROZHUH FRQ¿UPHG E\:HVWHUQ EORW
DQDO\VLVXVLQJQHXURQDODQGJOLDOPDUNHUV1HXURWURSKLFIDFWRUVHQKDQFHG
QHXURQDOGLIIHUHQWLDWLRQDQG UHGXFHGHWKDQRO LQKLELWLRQRIQHXURQDOGLIIHU
HQWLDWLRQ7KH156)ELQGLQJDFWLYLW\DVVD\UHYHDOHGWKDWERWKHWKDQRODQG
0(.LQKLELWRU8SRWHQWLDWHGWKHDFWLYLW\LQDFRQFHQWUDWLRQGHSHQGHQW
PDQQHU(WKDQROVXSSUHVVHGSKRVSKRU\ODWLRQRI(5.ZKLOHLWGLGQRWDIIHFW
WKHH[SUHVVLRQRIWRWDO(5.
&RQFOXVLRQV7KHVHUHVXOWVVXJJHVWWKDWLQWKHSURFHVVRIQHXURJHQHVLVGLI
IHUHQWLDWLRQPLJKWEHWKHWDUJHWRIHWKDQROWR[LFLW\,WLVKLJKO\SRVVLEOHWKDW
HWKDQROLQGXFHGSRWHQWLDWLRQRI156)ELQGLQJDFWLYLW\XQGHUOLHVWKHPHFKD
QLVPRIHWKDQROLQKLELWLRQRIQHXURQDOGLIIHUHQWLDWLRQDQGHWKDQRODFWLYDWHV
WKLVWUDQVFULSWLRQIDFWRUWKURXJKDIIHFWLQJ0$3NLQDVHFDVFDGH
6
(WKDQRO,QFUHDVHV1HXURJHQHVLVLQWKH$GXOW0RXVH
6WHIDQ%UHQp
.DUROLQVND,QVWLWXWH6ZHGHQ
(OLQcEHUJ&KULVWRSK+RIVWHWWHU/DUV2OVRQ
2EMHFWLYHV$OFRKROLVP LV D OLIH ORQJ GLVHDVH RIWHQ DVVRFLDWHGZLWK HPR
WLRQDOGLVWXUEDQFHVDQGDKLJKULVNRIUHODSVHHYHQ\HDUVDIWHUGHWR[L¿FDWLRQ
7RH[SORUHLIWKHIRUPDWLRQRIQHZFHOOVLQWKHGHQWDWHJ\UXVRIKLSSRFDPSXV
FRXOGEHLPSRUWDQWIRUDOFRKROLQGXFHGEUDLQDGDSWDWLRQZHDQDO\]HGKLS
SRFDPSDO QHXURJHQHVLV LQ DGXOW &%O PLFH WKDW FRQVXPHG PRGHUDWH
OHYHOVRIHWKDQROaJNJGD\
0HWKRGV$GXOW IHPDOH&%O1,+PLFHZHUH VXEMHFWHG WR D WZRERWWOH
IUHHFKRLFHPRGHOIRUHWKDQROFRQVXPSWLRQLQZKLFKWKHPLFHLQWKHHWKDQRO
JURXSVKDGIUHHDFFHVVWRRQHERWWOHFRQWDLQLQJYYHWKDQRODQGRQH
ERWWOHRI WDSZDWHU7KHFRQWUROJURXSVZHUHJLYHQ WZRZDWHUERWWOHV7KH
WK\PLGLQHDQDORJXH%URPRGHR[\XULGLQH%UG8ZKLFKLVLQFRUSRUDWHGGXU
LQJWKH6SKDVHRI'1$V\QWKHVLVZDVDGPLQLVWHUHGWRGHWHFWDFXWHHWKDQRO
HIIHFWV RQ FHOO VXUYLYDO WKH LQÀXHQFH RI QLQHZHHNV RI HWKDQRO LQWDNH RQ
WKHQXPEHURIGLYLGLQJSURJHQLWRU FHOOV DQGDOVR WRDQDO\]H WKHHIIHFWVRI
HOHYHQZHHNV RI HWKDQRO FRQVXPSWLRQ RQ FHOO VXUYLYDO DQG QHXURJHQHVLV
8QELDVHGVWHUHRORJ\ZDVXVHG WRFRXQW%UG8LPPXQRUHDFWLYHFHOOV LQ WKH
GHQWDWHJ\UXV
5HVXOWV7KHPLFHGHYHORSHGDSUHIHUHQFHIRUHWKDQROYHUVXVZDWHUDQG
GLVSOD\HGDEORRGHWKDQROFRQFHQWUDWLRQRIÅDWWKHWLPHRIVDFUL¿FH
:LWKWKLVPRGHUDWHHWKDQROFRQVXPSWLRQWKHUHZDVDQLQFUHDVHLQWKHSUROLI
HUDWLRQRIFHOOVZKLFKVXUYLYHGDQGGHYHORSHGDQHXUDOSKHQRW\SH(WKDQRO
FRQVXPSWLRQGLGQRWLQGXFHDSRSWRVLVQHLWKHUGLGLWFKDQJHGLIIHUHQWLDWLRQ
RUWKHGLVWULEXWLRQSDWWHUQVRIWKHQHZO\IRUPHGFHOOV
&RQFOXVLRQV :H FRQFOXGH WKDW YROXQWDU\ HWKDQRO LQWDNH E\ PLFH FDQ
LQFUHDVHQHXURJHQHVLV LQ WKHGHQWDWHJ\UXV7KHVHREVHUYDWLRQVDGG WR WKH
HPHUJLQJSLFWXUHRIGHQWDWHJ\UXVQHXURJHQHVLVDVDKLJKO\UHJXODWHGSURF
HVV6LQFHWKHUHZDVQRLQFUHDVHLQDSRSWRVLVFRQFRPLWDQWZLWKWKHHWKDQRO
LQGXFHG LQFUHDVH LQ QHXURJHQHVLV LW LV SRVVLEOH WKDW WKH QHZ FHOOV LQ WKH
GHQWDWHJ\UXVPD\FRQWULEXWHWRWKHORQJODVWLQJFKDQJHVRIEUDLQIXQFWLRQ
LQDOFRKROLFV
6
5HFHQW$GYDQFHVLQWKH%LRORJLFDO7UHDWPHQWRI$GGLFWLRQV
6
6KRUWRU/RQJWHUP'UXJ7UHDWPHQWIRU6PRNLQJ&HVVDWLRQ"
,YDQ%HUOLQ
'pSDUWHPHQWGH3KDUPDFRORJLHDQG,16(508*URXSH
+RVSLWDOLHU8QLYHUVLWDLUH3LWLp6DOSrWULqUH3DULV)UDQFH
&LJDUHWWHVPRNLQJLVUHFRJQL]HGDVDQDGGLFWLRQ,QGHSHQGHQWVPRNHUV LW
FDQEHFRQVLGHUHGDVDFKURQLFGLVHDVHVWDWHHYROYLQJE\SHULRGVRIDEVWL
QHQFH DQG UHODSVHV 7KH UHFRPPHQGHG GXUDWLRQ RI GUXJ WUHDWPHQWV DV DQ
DLG WRVPRNLQJFHVVDWLRQLVXVXDOO\RIPRQWKVRU OHVVDQGJRLQJXSWR
PRQWKVZLWKQLFRWLQHUHSODFHPHQWWKHUDSLHV157LQVRPHFRXQWULHV7KLV
WKHUDSHXWLFVFKHGXOHGRHVQRWWDNHLQWRDFFRXQWWKHFKURQLFQDWXUHRIWREDFFR
GHSHQGHQFHDQGWKHYHU\KLJKOLNHOLKRRGRIUHODSVHVWRZLWKLQ
WRPRQWKV
$PRQJ VXVWDLQHG TXLWWHUV ZLWKPHGLXP RU KLJK GHSHQGHQFH  WR 
XVH157IRUDW OHDVW\HDU/RQJWHUP157XVHUVVHHPWRDGMXVW WKHLU
QLFRWLQHLQWDNHDFFRUGLQJWRWKHLUQHHGIRUQLFRWLQHGXULQJVPRNLQJSODVPD
FRWLQLQHWKHPDLQPHWDEROLWHRIQLFRWLQHFRQFHQWUDWLRQVDUHVLPLODULQWKH
VPRNLQJ VWDWH DQG GXULQJ 157ZKHWKHU WKH TXLW DWWHPSW LV VXFFHVVIXO RU
175DUHXVHGWRJHWKHUDORQJZLWKUHGXFHGVPRNLQJ7KLVVXJJHVWVWKDWVRPH
VPRNHUVUHJXODWHWKHLUQLFRWLQHVXEVWLWXWLRQDVWKH\GRZKHQVPRNLQJ
,QDSUHYLRXVPHWDDQDO\VLVXVLQJDPDWKHPDWLFDOPRGHOOLQJDSSURDFK 
ZHKDYHVKRZQWKDWWKHHI¿FDF\RI157FRPSDUHGWRSODFHERGHFUHDVHVDVD
IXQFWLRQRIWLPHDQGWKDWDIWHUVWRSSLQJ157WKHOLNHOLKRRGRIUHODSVHVLV
KLJKHUWKDQDIWHUVWRSSLQJSODFHERVXJJHVWLQJWKHDWVXSSUHVVLRQRI157
PD\HYHQLQGXFHUHODSVHVLQVRPHVPRNHUV7KLVPRGHODOVRVKRZHGWKDWLI
157ZDVFRQWLQXHGWKHLUHI¿FDF\ZRXOGEHPDLQWDLQHG
([WHQGHGWUHDWPHQWVWRKHOSVPRNHUVTXLWDQGSUHYHQWUHODSVHVVHHPWREH
XVHIXODOVRZLWKRWKHUPHGLFDWLRQVSURYHQWREHHIIHFWLYHIRUVPRNLQJFHVVD
WLRQ,QRQHVWXG\ZHHNVWUHDWPHQWZLWKQRUWULSW\OLQHZDVFRPSDUHGZLWK
ZHHNVWUHDWPHQWZLWKQRUWULSW\OLQH2QH\HDUDEVWLQHQFHUDWHZDV
ZLWKRQH\HDUQRUWULSW\OLQHFRPSDUHGWRZLWKZHHNVQRUWULSW\OLQH
WKHUHVSHFWLYHDEVWLQHQFHUDWHZLWKSODFHEREHLQJDQG,QDUH
ODSVHSUHYHQWLRQVWXG\ZLWKEXSURSLRQ VPRNHUVDEVWLQHQWDIWHUDZHHNV
FRXUVHRIEXSURSLRQZHUHUDQGRPL]HGWRUHFHLYHEXSURSLRQRUSODFHERIRU
RQH\HDU2QH\HDUSRLQWSUHYDOHQFHRIVPRNLQJDEVWLQHQFHZDVVLJQL¿FDQWO\
KLJKHULQWKHEXSURSLRQWKDQLQWKHSODFHERJURXSYVDQG
WKHPHGLDQWLPHWRUHODSVHZDVORQJHULQWKHEXSURSLRQWKDQLQWKHSODFHER
JURXSYVGD\V
%HFDXVH RI WKH FKURQLF QDWXUH RI WREDFFR GHSHQGHQFH IXUWKHU WKHUDSHXWLF
WULDOVDLPHGWRSURPRWHVPRNLQJFHVVDWLRQVKRXOGKDYHDORQJWHUPGHVLJQ
VLPLODUWRWKDWXVHGWRWUHDWRWKHUFKURQLFGLVRUGHUVDQGVKRXOGFRPSDUHWKH
HI¿FDF\ RI VKRUWWHUP ZLWK ORQJWHUP WUHDWPHQW VFKHGXOHV RQ ORQJWHUP
WUHDWPHQWRXWFRPHV
5HIHUHQFHV
0HGLRQL-HWDO,QFUHDVHGULVNRIUHODSVHDIWHUVWRSSLQJQLFRWLQHUHSODFH
PHQWWKHUDSLHVDPDWKHPDWLFDOPRGHOOLQJDSSURDFK$GGLFWLRQ

 +DOO 60 HW DO ([WHQGHG QRUWULSW\OLQH DQG SV\FKRORJLFDO WUHDWPHQW IRU
FLJDUHWWHVPRNLQJ$P-3V\FKLDWU\
 7D\ORU +D\V - HW DO 6XVWDLQHGUHOHDVH EXSURSLRQ IRU SKDUPDFRORJLF
UHODSVH SUHYHQWLRQ DIWHU VPRNLQJ FHVVDWLRQ $QQ ,QWHUQ 0HG  

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%LRORJLFDO7UHDWPHQWRI6WLPXODQW$GGLFWLRQ
'DYLG*RUHOLFN
1DWLRQDO,QVWLWXWHRQ'UXJ$EXVH1,+'++686$
2EMHFWLYHV1XPHURXV ELRORJLFDO WUHDWPHQWV IRU VWLPXODQW DGGLFWLRQ KDYH
EHHQHYDOXDWHG1RQHKDVEHHQDSSURYHG IRU WKLV LQGLFDWLRQE\ UHJXODWRU\
DXWKRULWLHVRUEHHQFRQVLVWHQWO\HIIHFWLYHLQFRQWUROOHGFOLQLFDOWULDOV
0HWKRGV 5HYLHZ RI SXEOLVKHG VWXGLHV WR LGHQWLI\ WUHDWPHQWV VKRZLQJ
SURPLVHRIHI¿FDF\
5HVXOWV0HGLFDWLRQVVKRZLQJHI¿FDF\LQVRPHFOLQLFDOWULDOVLQFOXGHDQWL
FRQYXOVDQWVVXFKDVWRSLUDPDWHWLDJDELQHDQGYDOSURDWHEDFORIHQ*$%$
UHFHSWRUDJRQLVWGLVXO¿UDPSHUKDSVE\LQFUHDVLQJEUDLQGRSDPLQHFRQFHQ
WUDWLRQ DQGPRGD¿QLO3URPLVLQJQHZDSSURDFKHVXQGHUJRLQJSUHFOLQLFDO
RU SKDVH , FOLQLFDO HYDOXDWLRQ LQFOXGH FRPSRXQGV HJ YDQR[HULQH >*%5
@ WKDWELQG WR WKHSUHV\QDSWLFGRSDPLQH WUDQVSRUWHUDPDMRUVLWHRI
DFWLRQIRUFRFDLQHDQWLERGLHVWKDWELQGFRFDLQHSHULSKHUDOO\WKXVSUHYHQW
LQJ LW IURP HQWHULQJ WKH EUDLQ FRFDLQH YDFFLQH HQKDQFHPHQW RI FRFDLQH
PHWDEROLVP ZLWK WKH QDWXUDOO\ RFFXUULQJ HQ]\PH EXW\U\OFKROLQHVWHUDVH
WUDQVFUDQLDOPDJQHWLFVWLPXODWLRQDQGDFXSXQFWXUH%XSUHQRUSKLQHDSDU
WLDOPXRSLRLGDJRQLVWKDVVKRZQSURPLVHLQWUHDWLQJSDWLHQWVDEXVLQJERWK
VWLPXODQWVDQGRSLDWHV
&RQFOXVLRQV 6HYHUDO DSSURDFKHV VKRZ SURPLVH IRU WKH WUHDWPHQW RI
VWLPXODQW DGGLFWLRQ EXW QRQH KDV \HW HDUQHG UHJXODWRU\ DSSURYDO IRU WKLV
LQGLFDWLRQ
5HIHUHQFHV
*RUHOLFN '$ 3KDUPDFRORJLF LQWHUYHQWLRQV IRU FRFDLQH FUDFN DQG RWKHU
VWLPXODQWDGGLFWLRQ,Q*UDKDP$:6FKXOW]7.0D\R6PLWK0)5LHV5.
	:LOIRUG%%(GV3ULQFLSOHVRI$GGLFWLRQ0HGLFLQHUGHGLWLRQ&KHY\
&KDVH0'$PHULFDQ6RFLHW\RI$GGLFWLRQ0HGLFLQHSS
6
3KDUPDFRORJLFDO7UHDWPHQWRI6H[XDO$GGLFWLRQ
)ORUHQFH7KLEDXW
'HSDUWPHQWRI3V\FKLDWU\5RXHQ8QLYHUVLW\+RVSLWDODQG/H
5RXYUD\+RVSLWDO,16(5085RXHQ)UDQFH
$JURZLQJ LQWHUHVW IRU WKHSUREOHPRIVH[XDODGGLFWLRQ LVHPHUJLQJPRUH
FDVHV DUH EURXJKW WR WKH DWWHQWLRQ RI SV\FKLDWULVWV &RPSXOVLYH VH[XDO
EHKDYLRU LV FKDUDFWHUL]HG E\ UHFXUUHQW DQG LQWHQVH VH[XDOO\ DURXVLQJ IDQ
WDVLHV VH[XDO XUJHV DQG EHKDYLRUV WKDW FDXVH GLVWUHVV LQ LQGLYLGXDOV¶GDLO\
IXQFWLRQLQJ:HZLOOGLVFXVVWKHUHODWLRQVKLSVEHWZHHQVH[XDODGGLFWLRQDQG
REVHVVLYHFRPSXOVLYHEHKDYLRXURUSDUDSKLOLDV:HZLOOUHYLHZWKHWUHDWPHQW
RSWLRQV IRUSDUDSKLOLFDQGQRQSDUDSKLOLFFRPSXOVLYHVH[XDOEHKDYLRU:H
ZLOOVSHFLDOO\UHYLHZSKDUPDFRORJLFDOWUHDWPHQWRIWKHVHGLVRUGHUVDVWKH\
DSSHDULQUHFHQWO\SXEOLVKHGSV\FKLDWULFOLWHUDWXUH
6
3KDUPDFRORJLFDO7UHDWPHQWRI3DWKRORJLFDO*DPEOLQJDQG
&RPSXOVLYH%X\LQJ
0LFKHO/HMR\HX[
8QLYHUVLW\RI3DULV$3+3DQG3HUUD\9DXFOXVH+RVSLWDO)UDQFH
&RPSXOVLYHEX\LQJKDVEHHQGHVFULEHGDVD IRUPRIFRPSXOVLYHEHKDYLRU
UHODWHG WR WKH REVHVVLYH GHVLUH RI EX\LQJ FORWKHV RU RWKHU LWHPV WKDW DUH
QRW QHHGHG %X\LQJ FDQ EH VHHQ DV DQ DWWHPSW WR QHXWUDOL]H WKH DQ[LHW\
DQG GLVFRPIRUW FRPSDUDEOH WR FRPSXOVLRQV VHFRQGDU\ WR REVHVVLRQV 7KH
SDWWHUQ RI XQFRQWUROOHG EX\LQJ UHVHPEOHV WKH VHTXHQFH RI WKRXJKWV DQG
EHKDYLRUV DVVRFLDWHGZLWK2&'&RPSXOVLYHEX\LQJ LV DOVR UHODWHG WR WKH
VSHFWUXP RI DGGLFWLYH GLVRUGHUV %LRORJLFDO WUHDWPHQWV SURSRVHG WR WKHVH
SDWLHQWV DUH DQWLGHSUHVVDQWV VHURWRQLQ UHXSWDNH LQKLELWRUV 1R H[WHQVLYH
VWXG\KRZHYHUKDVFRQ¿UPHGHI¿FLHQF\RIWKHVHURWRQLQHUJLFDJHQWVLQWKLV
LQGLFDWLRQ5RXWLQHWUHDWPHQWVDUHEHKDYLRUDODQGFRJQLWLYHSV\FKRWKHUDS\
$QWLGHSUHVVDQWVDUHHIIHFWLYHDQGLQGLFDWHGZKHQDGHSUHVVLRQLVDVVRFLDWHG
WRFRPSXOVLYHEX\LQJ
3KDUPDFRORJLFDO WUHDWPHQW RI SDWKRORJLFDO JDPEOLQJ KDV EHHQ DVVHVVHG
E\ FRQWUROOHG VWXGLHV 1DOWUH[RQH KDV EHHQ WHVWHG LQ  SDWLHQWV YHUVXV
SODFHER$ GLIIHUHQFH LQ IDYRU RI QDOWUH[RQH KDV EHHQ REVHUYHG$Q RSHQ
VWXG\VXJJHVWHGWKDWÀXR[HWLQHLVDQRWKHUHIIHFWLYHWUHDWPHQWRISDWKRORJLFDO
JDPEOLQJ1RVWXG\KRZHYHUZDVHQRXJKUHSOLFDWHGWRLQGLFDWHDV\VWHP
DWLFWUHDWPHQWRIJDPEOHUVZLWKQDOWUH[RQHRUÀXR[HWLQH5RXWLQHWUHDWPHQW
LQYROYH DQWLGHSUHVVDQW WKHUDS\ ZKHQ D PDMRU GHSUHVVLRQ LV DVVRFLDWHG WR
JDPEOLQJ /DVWO\ VRPH FDVHV RI SDWKRORJLFDO JDPEOLQJ DUH DVVRFLDWHG WR
PDQLFRU K\SRPDQLF HSLVRGHV7KH\ DUH WUHDWHG DQGSUHYHQWHGE\ WKHXVH
RIPRRGVWDELOL]HUV7KLVSURWRFROVXJJHVWHGLQFOLQLFDOSUDFWLFHKDVQHYHU
EHHQV\VWHPDWLFDOO\WHVWHGLQDFRQWUROOHGVWXG\
6
1R$EVWUDFW5HFHLYHG
1LOV1R\D7DSLD
%ROLYLD
/4(%2¬¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
9OUNG¬3CIENTISTS¬!WARD¬3ESSIONS
<
1HZ([SHULPHQWDO$SSURDFKHV
<
9LWDPLQ'±D1HXURDFWLYH6WHURLGZLWK6WURQJ$QWLFRQYXOVDQW
$FWLYLW\
$OODQ9.DOXHII
&HQWUHIRU3K\VLRORJ\DQG%LRFKHPLFDO5HVHDUFK0RVFRZ5XV
VLD0HGLFDO6FKRRO8QLYHUVLW\RI7DPSHUH7DPSHUH)LQODQG
3HQWWL7XRKLPDD
2EMHFWLYHV9LWDPLQ' 9' LV DQ LPSRUWDQW KRUPRQH UHJXODWLQJPLQHUDO
PHWDEROLVP ,W KDVEHHQ UHFHQWO\ UHFRJQL]HG DV DQHXURDFWLYH VWHURLGKRU
PRQHZLWKPXOWLSOHIXQFWLRQVLQWKHEUDLQ*DUFLRQHWDO.DOXHIIHW
DO,QKXPDQVYDULRXV9'UHODWHGGLVRUGHUVDUHRIWHQDFFRPSDQLHG
E\ VHL]XUHV 0RUHRYHU PDQ\ DQWLHSLOHSWLF GUXJV DIIHFW WKH 9' V\VWHP
OHDGLQJWRERWKK\SRFDOFHPLDDQGORZ9'$OOWKHVHV\PSWRPVDUHDOOHYL
DWHGE\9'WKHUDS\VXJJHVWLQJWKDWWKH9'QHXURHQGRFULQHV\VWHPPD\EH
LQYROYHGLQWKHUHJXODWLRQRIHSLOHSWRJHQHVLV+HUHZHH[DPLQHWKHHIIHFWV
RI9'LQWKHPRGHORIH[SHULPHQWDOHSLOHSV\LQPLFH
0HWKRGV  105, DQG  ) 105,[6 DGXOW PLFH Q  ZHUH
WUHDWHG ZLWK GLK\GUR[\YLWDPLQ ' 9' WKH PDLQ DFWLYH IRUP RI
9'ȝJȝOVFPLQKKKDQGKSULRUWRVHL]XUHVLQGXFHG
E\*$%$O\WLFGUXJSHQW\OHQHWHUD]ROH37=PJNJLS7KHVHYHULW\
RIVHL]XUHVZDVDVVHVVHGXVLQJWKHPRGL¿HG5DFLQH¶VVFRUH
5HVXOWVPLQSUHWUHDWPHQWZLWK9'HIIHFWLYHO\LQFUHDVHGWKHODWHQF\
RIRQVHWRIVHL]XUHVDOVRUHGXFLQJWKHGXUDWLRQRIVHL]XUHVDQGPRUWDOLW\$
WUHQGWRORZHUVHYHULW\RIVHL]XUHVZDVDOVRVHHQIRUKSUHWUHDWPHQWWLPH
EXWQRWIRUKKDQGK
&RQFOXVLRQV 9'KDV VWURQJ GLUHFW DQWLHSLOHSWLF DFWLRQ LQ WKHPRGHO
RIFKHPLFDOO\LQGXFHGHSLOHSV\ LQPLFH7KLVHIIHFW ODVWVPLQKDIWHU
9' DGPLQLVWUDWLRQ DQG LV FRQVLVWHQW ZLWK QRQJHQRPLF UDWKHU WKDQ
JHQRPLF DFWLRQ RI 9' 6HYHUDO PHFKDQLVPV LQFOXGLQJ  WKH UHJXODWLRQ
RI&DUHOHDVHVWHURLGOLNHQRQJHQRPLFHIIHFWVDQGRUVWHURLGOLNH
PRGXODWLRQRIQHXURWUDQVPLWWHUV\VWHPVSDUWLFXODUO\*$%$HUJLFV\VWHP
PD\EHVXJJHVWHGWRH[SODLQDQWLHSLOHSWLFDFWLRQRI9'UHSRUWHGKHUH
2YHUDOO RXU UHVXOWV FRQ¿UP WKDW WKH 9' QHXURHQGRFULQH V\VWHP PD\ EH
LQYROYHGLQHSLOHSV\SDWKRJHQHVLVDQGVXJJHVWWKDWQHZDQWLHSLOHSWLFGUXJV
PD\EHFUHDWHGEDVHGRQ9'DQG9'UHODWHGOLJDQGV
5HIHUHQFHV
*DUFLRQHWDO1HZFOXHVDERXWYLWDPLQ'IXQFWLRQVLQWKHQHUYRXV
V\VWHP7UHQGV(QGRFULQRO0HWDE
.DOXHIIHWDO0HFKDQLVPVRIQHXURSURWHFWLYHDFWLRQRI9LWDPLQ'
%LRNKLP
<
$QHZ6(577UDFHUIRU63(&7.LQHWLF'DWDRQ>,@$'$0
LQ+HDOWK\+XPDQ6XEMHFWV
-XOLD6DFKHU
'HSDUWPHQWRI*HQHUDO3V\FKLDWU\0HGLFDO8QLYHUVLW\9LHQQD
$XVWULD
1LNRODV.OHLQ7KRPDV*HLVV*UDQDGLD1LOXIDU0RVVDKHE
7UDZDW$WWDUEDVFKL$OH[DQGHU+ROLN&KULVWLDQ3|W]L
5XSHUW/DQ]HQEHUJHU5REHUW'XGF]DN6LHJIULHG.DVSHU
6XVDQQH$VHQEDXP
%DFNJURXQG >ʜ@$'$0GLPHWK\ODPLQRPHWK\OSKHQ\OWKLR
LRGRSKHQ\ODPLQHKDVUHFHQWO\EHHQVKRZQWREHDYHU\SURPLVLQJ63(&7
UDGLROLJDQGIRULQYLYRTXDQWL¿FDWLRQRIWKHGHWHFWLRQRIVHURWRQLQWUDQVSRUW
HUV6(57,QWKLVVWXG\ZHSHUIRUPHGWUDFHUNLQHWLFDQDO\VLVIRUGLIIHUHQW
EUDLQUHJLRQVWRGHWHUPLQHWKHRSWLPXPHTXLOLEULXPWLPHIRU6(57TXDQWL¿
FDWLRQXVLQJVLQJOHSKRWRQHPLVVLRQWRPRJUDSK\63(&7
0HWKRGVPDOHYROXQWHHUV\HDUVZLWKRXWSDVWRUFXUUHQWQHXUR
SV\FKLDWULF KLVWRU\ DV HVWDEOLVKHG E\ D VWUXFWXUHG FOLQLFDO LQWHUYLHZ IRU
'60,9ZHUHLQFOXGHGLQWKLVVWXG\
9DULRXV63(&7 VFDQV DQG RQH05,ZHUH SHUIRUPHG RQ HDFK VXEMHFW$OO
KHDOWK\YROXQWHHUV UHFHLYHGEHWZHHQDQG0%T>,@$'$05D
GLRV\QWKHVHVRI>,@$'$0ZHUHSHUIRUPHGDW0$30HGLFDO7HFKQRORJLHV
2\7LNNDNRVNL)LQODQGLQWUDYHQRXVO\DVDEROXVKEHIRUHWKHLQMHFWLRQ
RI WKH UDGLRODEHOHG OLJDQG WKH\KDGEHHQJLYHQJWW VRGLXPSHUFKORUDWH
SHURV LQRUGHU WR UHGXFH >,@XSWDNH LQ WKH WK\URLGDQG VDOLYDU\JODQGV
&RQVHFXWLYHO\ PXOWLSOH 63(&7 VFDQV ZHUH SHUIRUPHG EHWZHHQ  DQG
 PLQXWHV SL XVLQJ D 6LHPHQV 0XOWLVSHFW  FDPHUD 5HFRQVWUXFWLRQ
ZDV SHUIRUPHG DSSO\LQJ¿OWHUHG EDFN SURMHFWLRQZLWK D%XWWHUZRUWK¿OWHU
FXWRII  RUGHU  LQ [PDWULFHV52,ZHUH GUDZQPDQXDOO\ RQ
WKH LQGLYLGXDO05, 7 FRYHULQJ WKHPLGEUDLQK\SRWKDODPXV IRU VSHFL¿F
ELQGLQJ DQG WKH FHUHEHOOXP DV UHIHUHQFH UHJLRQ 63(&7 VWXGLHV ZHUH UH
RULHQWDWHGWRWKH05,DQGWKH52,WHPSODWHZDVDSSOLHGWR63(&7VWXGLHV
:H JHQHUDWHG WLPHDFWLYLW\ FXUYHV IRU WKH 52, DQG FDOFXODWHG WKH UDWLR
FRXQWVWDUJHWFRXQWVFHUHEHOOXPPLQXV 9´DVDPHDVXUHIRUVSHFL¿F6(57
ELQGLQJ &RXQWV ZHUH FRUUHFWHG IRU DSSOLHG DFWLYLW\ DFTXLVLWLRQ WLPH DQG
ERG\ZHLJKW
5HVXOWV3HDNXSWDNHVZHUHREVHUYHGEHWZHHQWRPLQXWHVSL&RXQWV
SHUYR[HOZHUHKLJKHVWLQPLGEUDLQK\SRWKDODPXV6' IROORZHG
E\FRXQWVSHUYR[HO6' LQFHUHEHOOXP6WDEOHYDOXHVIRU9´ZHUH
UHDFKHGPLQXWHV SL0HDQSHDN9´YDOXHZDV 6' 
IRUPLGEUDLQK\SRWKDODPXV$OOSHDN9´YDOXHVZHUHUHDFKHGPLQXWHV
SL6' 
&RQFOXVLRQV >,@$'$0LVD VSHFL¿F OLJDQG IRUTXDQWL¿FDWLRQRI6(57
E\PHDQVRI63(&7 LQYLYRDQGDYDOXDEOHQHXURLPDJLQJ WRRO LQ FOLQLFDO
URXWLQH 2XU SUHOLPLQDU\ GDWD VXJJHVW WKDW WKH 63(&7 VFDQ LV RSWLPDOO\
SHUIRUPHGXQGHUSVHXGRHTXLOLEULXPFRQGLWLRQVEHWZHHQPLQXWHV
SRVWLQMHFWLRQ
$FNQRZOHGJHPHQWV:HWKDQN-RKDQQHV7DXVFKHUIRUFULWLFDOUHPDUNV
<
7KH6OHHS0RGXODWLQJ(IIHFWVRI3HSWLGHV*HQGHUDQG$JH
DIWHU6OHHS'HSULYDWLRQ
3HWUD6FKXHVVOHU
0D[3ODQFN,QVWLWXWHRI3V\FKLDWU\0XQLFK*HUPDQ\
-XWWD:HLNHO0LFKDHO.OXJH0DQIUHG8KU$OH[DQGHU<DVVRXULGLV
$[HO6WHLJHU
2EMHFWLYHV$ELGLUHFWLRQDOLQWHUDFWLRQEHWZHHQVOHHSHOHFWURHQFHSKDORJUDP
((* DQG HQGRFULQH DFWLYLW\ LV ZHOO HVWDEOLVKHG$ NH\ UROH ZDV VKRZQ
IRU WKH UHFLSURFDO LQWHUDFWLRQ EHWZHHQ VOHHS SURPRWLQJ JURZWK KRUPRQH
UHOHDVLQJKRUPRQH*+5+DQGWKHVOHHSLPSDLULQJFRUWLFRWURSLQUHOHDVLQJ
KRUPRQH&5+LQPDOHVXEMHFWV7KHLQÀXHQFHRISXOVDWLOHDGPLQLVWUDWLRQ
RI*+5+GXULQJWKH¿UVWIHZKRXUVRIWKHQLJKWVXJJHVWVDQVH[XDOGLPRU
SKLVP ,Q PDOHV QRQUDSLGH\HPRYHPHQW VOHHS 15(06 LQFUHDVHG DQG
ZDNHIXOOQHVVGHFUHDVHGGXULQJWKHQLJKWZKHUHDVRSSRVLWHVOHHSLPSDLULQJ
HIIHFWV ZHUH IRXQG LQ IHPDOHV 6OHHS GHSULYDWLRQ LV VWURQJO\ SURPRWLQJ
VOHHSE\LQFUHDVLQJVORZZDYHVOHHS6:6DQGUDSLGH\HPRYHPHQWVOHHS
5(06$QLPDOVWXGLHVVXJJHVW WKDW*+5+SDUWLFLSDWHVLQWKHVOHHSSUR
PRWLRQDIWHUVOHHSGHSULYDWLRQ
5HQLQ LVFOHDUO\ OLQNHGWR WKH15(06DQG5(06F\FOHV ,WVKRZVRVFLO
ODWLRQVRIDERXWPLQVWURQJO\OLQNHGWRWKH15(06DQG5(06F\FOHV
ZLWK LQFUHDVLQJ OHYHOV RI SODVPD UHQLQ DFWLYLW\ 35$ GXULQJ 6:6 DQG
GHFUHDVLQJ OHYHOV GXULQJ5(06  ,W LV WKRXJKW WKDW SDUWLFXODUO\ 6:6 DQG
35$DUHFRQQHFWHG
7KHUHLVDODFNRIGDWDRQWKHHIIHFWVRI*+5+DQG&5+RQKXPDQVOHHSLQ
WKHUHFRYHU\QLJKWDIWHUVOHHSGHSULYDWLRQ:HSHUIRUPHGDVOHHSHQGRFULQH
VWXG\ LQFRQWUROV WR LQYHVWLJDWH WKH35$DQG WKH LQÀXHQFHVRI*+5+DQG
&5+RQJHQGHUDQGDJHDIWHUVOHHSGHSULYDWLRQ
0HWKRGV  QRUPDO VXEMHFWV  WR  \HDUV ROG RI ERWK JHQGHU ZHUH
LQYHVWLJDWHGGXULQJFRQVHFXWLYHQLJKWV$IWHURQHQLJKWRIDGDSWDWLRQVOHHS
((*ZDVUHFRUGHGIURPWRDQGKRUPRQHSUR¿OHVRIJURZWKKRU
PRQH*+FRUWLVRODQGUHQLQZHUHFROOHFWHGVLPXOWDQHRXVO\7KLVEDVHOLQH
QLJKWZDVIROORZHGE\KRXUVRIVOHHSGHSULYDWLRQ,QWKHUHFRYHU\QLJKW
VOHHSHQGRFULQHDFWLYLW\ZDV UHWHVWHG7KHQ WKH VXEMHFWV UHFHLYHGEHWZHHQ
 DQG  KRXUO\ EROXV LQMHFWLRQV RI HLWKHU SODFHER 3/  [  XJ
&5+ RU  [  XJ*+5+ DFFRUGLQJ WR D UDQGRPL]HG VFKHGXOH7KHUHE\
FDUHZDVWDNHQWRDKRPRJHQRXVGLVWULEXWLRQIRUJHQGHUDQGDJHZLWKLQHDFK
WUHDWPHQWJURXS
5HVXOWV &RPSDUHG WR EDVHOLQH VOHHS HI¿FLHQF\ LQGH[ 6:6 5(06 DQG
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
15(06LQFUHDVHGDQGZDNHIXOQHVVGHFUHDVHGDIWHUHDFKRIWKHWUHDWPHQWV
7KHHIIHFWRI*+5+RQ6(,DQGZDNHIXOQHVVZDVPRUHGLVWLQFWWKDQDIWHU
3/7KHLQFUHDVHRI5(06ZDVKLJKHVWDIWHU*+5+DQGORZHVWDIWHU&5+
7KHHQKDQFHPHQWRI6:6ZDVPRUHSURQRXQFHGLQZRPHQWKDQLQPHQ,Q
WKHEDVHOLQHQLJKW WKH UHQLQFRQFHQWUDWLRQVZHUH ORZHU LQ IHPDOHVXEMHFWV
6OHHSGHSULYDWLRQOHGWRLQFUHDVHGUHQLQPD[LPXPFRQFHQWUDWLRQGXULQJWKH
¿UVWKDOIRIWKHQLJKW
&RQFOXVLRQV2XUGDWDVXJJHVW WKDW*+5+DXJPHQWV WKHVOHHSSURPRWLRQ
DIWHUVOHHSGHSULYDWLRQ7KHUHGXFHGVWLPXODWLRQRI5(06DIWHU&5+GXULQJ
WKHUHFRYHU\QLJKWLVLQOLQHZLWKWKH5(06VXSSUHVVLRQDIWHU&5+LQ\RXQJ
PDOHV,QIHPDOHVKRZHYHU&5+DSSHDUVWRHQKDQFH6:66OHHSGHSULYD
WLRQ UHVXOWV LQ HOHYDWHG UHQLQ VHFUHWLRQ DQG D VH[XDO GLPRUSKLVP LQ UHQLQ
VHFUHWLRQLVGHPRQVWUDWHG
5HIHUHQFHV
2EiO).UXHJHU-*+5+DQGVOHHS6OHHS0HG5HY
6WHLJHU$6OHHSDQGHQGRFULQHUHJXODWLRQ)URQW%LRVFLVV
6XSSRUWHG E\ D JUDQW IURP WKH 'HXWVFKH )RUVFKXQJVJHPHLQVFKDIW <$

<
'HOWDWHWUDK\GURFDQQDELQROLQ'HPHQWLD
6HEDVWLDQ:DOWKHU
'HSWRI3V\FKLDWU\&&038.&KDULWp8QLYHUVLW\0HGLFDO
&HQWHU%HUOLQ*HUPDQ\
5LFKDUG0DKOEHUJ8WD(LFKPDQQ'LHWHU.XQ]U
2EMHFWLYHV %HKDYLRUDO DQG SV\FKRSDWKRORJLFDO V\PSWRPV DUH IUHTXHQW
DPRQJ SDWLHQWV ZLWK $O]KHLPHU¶V GLVHDVH $' 7KH\ DUH FRQVLGHUHG D
QXPEHU RQH FDXVH IRU ORQJWHUP KRVSLWDOL]DWLRQ LQ WKHVH SDWLHQWV &XUUHQW
WUHDWPHQWRSWLRQVRIWHQIDLOZKLOHEULQJLQJXSVHYHUDODGYHUVHHIIHFWV$QL
PDOPRGHOVVXJJHVWFDQQDELQRLGVIRUVOHHSLQGXFWLRQ'URQDELQRO'HOWD
7HWUDK\GURFDQQELQROLVDQDJRQLVWDWWKH&%5HFHSWRU2WKHULQYHVWLJDWRUV
VXFFHVVIXOO\WUHDWHG$'SDWLHQWVZLWKUHGXFHGIRRGLQWDNHDQGDJJUHVVLYH
QHVVXVLQJPJ'URQDELQROSHUGD\:HHYDOXDWHGWKHLPSDFWRI'URQDELQRO
RQQRFWXUQDOPRWRUDFWLYLW\DQGEHKDYLRUDOV\PSWRPVLQ$'SDWLHQWV
0HWKRGV LQSDWLHQWVZLWK$'DQGEHKDYLRUDORUFLUFDGLDQGLVWXUEDQFHV
ZHUHPRQLWRUHGYLDZULVWDFWLJUDSK\IRUWZREDVHOLQHGD\VDQGGD\VRI
WUHDWPHQW)LYHSDWLHQWV UHFHLYHGPJ'URQDELQROSHUGD\DWSP1LQH
SDWLHQWVDFWHGDVFRQWUROVUHFHLYLQJSODFHER3ULPDU\RXWFRPHPHDVXUHZDV
WKH UHGXFWLRQ RI QRFWXUQDO PRWRU DFWLYLW\ 6HFRQGDU\ RXWFRPH PHDVXUHV
ZHUHFKDQJHVLQ13,DQG126*(5VFRUHV
5HVXOWV 1RFWXUQDOPRWRU DFWLYLW\ ZDV UHGXFHGZLWK 'URQDELQRO DV FRP
SDUHG WRFRQWUROV S13, VFRUHVZHUH UHGXFHG LQERWKJURXSV VXE
VFRUHVVKRZHGLPSURYHPHQWLQWKHLWHPVDEHUUDQWPRWRUEHKDYLRUDQGVOHHS
ZLWK'URQDELQRO WUHDWPHQWRQO\ S7KHUHZDVQRRFFXUDQFHRIDQ\
VHYHUHDGYHUVHHYHQWV
&RQFOXVLRQV'DWDVKRZV IRU WKH¿UVW WLPHDQGZLWKREMHFWLYHPHDQV WKDW
'URQDELQROWUHDWPHQWUHGXFHVQRFWXUQDOPRWRUDFWLYLW\LQSDWLHQWVVXIIHULQJ
IURPQLJKWWLPHDJLWDWLRQLQ$O]KHLPHUCVGLVHDVH5HVXOWVDUHFRUURERUDWHGE\
WKHLPSURYHPHQWLQVXEMHFWLYHUDWHGVOHHSDQGPRWRUEHKDYLRU&DQQDELQRLGV
PD\SURYHWREHDVDIHWUHDWPHQWRSWLRQIRUVOHHSUHODWHGEHKDYLRXUDOV\PS
WRPVLQSDWLHQWVZLWKVHYHUH$'
5HIHUHQFHV
0XULOOR5RGULJXH](HWDO$QDQGDPLGHHQKDQFHVH[WUDFHOOXODUOHYHOV
RIDGHQRVLQHDQG LQGXFHV VOHHS DQ LQYLYRPLFURGLDO\VLV VWXG\6OHHS

7DULRW317UHDWPHQWRIDJLWDWLRQLQGHPHQWLD-&OLQ3V\FKLDWU\
6XSSO
9ROLFHU / HW DO  (IIHFWV RI GURQDELQRO RQ DQRUH[LD DQG GLVWXUEHG
EHKDYLRULQSDWLHQWVZLWK$O]KHLPHUµVGLVHDVH,QW-*HULDWU3V\FKLDWU\

<
,QWUDFUDQLDO6HOI6WLPXODWLRQLQ5DWV(OLFLWHGE\671
6WLPXODWLRQ
&KULVWLQH:LQWHU
'HSWRI3V\FKLDWU\'HSWRI1HXURORJ\8QLYHUVLW\0HGLFLQH
&KDULWp%HUOLQ*HUPDQ\
7KRPDV/HH5XGROI0RUJHQVWHUQ*HRUJ-XFNHO$QGUHDV.XSVFK
,QWURGXFWLRQ DQG 2EMHFWLYHV +LJK IUHTXHQF\ VWLPXODWLRQ +)6 RI WKH
VXEWKDODPLFQXFOHXV671KDVHPHUJHGDVDSRZHUIXOWKHUDSHXWLFVWUDWHJ\
LQWKHWUHDWPHQWRIOHYRGRSDVHQVLWLYHPRWRUV\PSWRPVLQODWHVWDJH3DUNLQ
VRQ¶V'LVHDVH3'5HFHQWO\WKHUHKDVEHHQDQLQFUHDVLQJQXPEHURIFDVH
UHSRUWVLQGLFDWLQJWKDW671+)6DOVRLQÀXHQFHVYDULRXVQRQPRWRUDVSHFWV
RIEHKDYLRXUVXFKDVFRJQLWLRQPRRGDQGPRWLYDWLRQ7KHVHFRQVHTXHQFHV
FRXOGEHDWWULEXWHGWRWKHIDFWWKDWVLQFHWKH671LVLQYROYHGLQDVVRFLDWLYH
OLPELF DQGPRWRU FRUWLFDO DQG VXEFRUWLFDO ORRSV WKH LQDFWLYDWLRQ RI 671
YLD+)6PD\DIIHFWPRWRUDVZHOODVQRQPRWRUEHKDYLRXUDOIXQFWLRQV7KH
TXHVWLRQ DULVHV DV WRZKHWKHU SV\FKRWURSLF VHQVDWLRQV H[SHULHQFHG GXULQJ
671+)6ZRXOGKDYHUHLQIRUFLQJLPSDFWRQWKHEHKDYLRXU7KLVFRQFHUQLV
FRQVLGHUHGUHOHYDQWVLQFHLWLVNQRZQWKDWFRPPRQO\DEXVHGGUXJVHOLFLWLQJ
VLPLODU KHGRQLF HIIHFWV FDQ DFW DV SRVLWLYH UHLQIRUFHUV FRQWULEXWLQJ WR WKH
GHYHORSPHQW RI DGGLFWLYH EHKDYLRXU ,W WKHUHIRUH LV LQWXLWLYH WR VSHFXODWH
WKDW671+)6ZRXOGDOVRDIIHFW WKHUHZDUGV\VWHPV$VVXFK WKHSUHVHQW
VWXG\LQYHVWLJDWHVWKHUHZDUGLQJHIIHFWVRIXQLODWHUDO671+)6LQUDWVXVLQJ
HOHFWULFDOLQWUDFUDQLDOVHOIVWLPXODWLRQ,&66DVDEHKDYLRXUDOSDUDGLJP
0HWKRGV &RQVHTXHQWO\ UDWV ZHUH WUDLQHG WR OHYHUSUHVV IRU LQWUDFUDQLDO
VHOIVWLPXODWLRQ,&66RIWKHOHIW671
5HVXOWV :H GHPRQVWUDWH WKDW XQLODWHUDO 671+)6 IUHTXHQF\ GHSHQGHQW
HOLFLWV,&66EHKDYLRUUHYHUVLEOHE\V\VWHPLFDGPLQLVWUDWLRQRI'EXWQRW'
UHFHSWRUDQWDJRQLVWV7KHVHEHKDYLRUDOHIIHFWVZHUHFRUUHODWHGZLWKVHOHFWLYH
PRGXODWLRQRI'$HUJLFWUDQVPLVVLRQLQWKHQXFOHXVDFFXPEHQV
&RQFOXVLRQV:HFRQFOXGHWKDW671+)6LQGXFHVUHZDUGLQJHIIHFWVLQUDWV
ODUJHO\GHSHQGHQWRQDFFXPEDO'$WUDQVPLVVLRQ
6SRQVRUHGE\')*.XDQG(&4/.
<
)XQFWLRQDO0DJQHWLF5HVRQDQFH,PDJLQJRIWKH%UDLQ5HZDUG
6\VWHP&RUUHODWLRQZLWK%HKDYLRU0DUNHUVIRU$GGLFWLRQ
6XVFHSWLELOLW\
-XOLDQD<DFXELDQ
8QLYHUVLW\+RVSLWDO+DPEXUJ(SSHQGRUI+DPEXUJ*HUPDQ\
.DWULQ6FKURHGHU7RELDV6RPPHU-DQ*ODHVFKHU'LHWHU)%UDXV
&KULVWLDQ%XHFKHO
2EMHFWLYHV5HZDUGLVRQHRIWKHPRVWLPSRUWDQWLQÀXHQFHVVKDSLQJEHKDY
LRU6LQJOHXQLW UHFRUGLQJDQG OHVLRQVWXGLHV LQH[SHULPHQWDODQLPDOVKDYH
LPSOLFDWHGDQXPEHURIUHJLRQVLQUHVSRQVHWRUHLQIRUFLQJVWLPXOLLQSDUWLFX
ODUUHJLRQVRIWKHH[WHQGHGOLPELFV\VWHPDQGWKHYHQWUDOVWULDWXPSDUWLFX
ODUO\WKHQXFOHXVDFFXPEHQV$OWHUDWLRQVLQWKHVHVDPHDUHDVDUHLPSOLFDWHG
LQWKHQHXURSK\VLRORJLFUHLQIRUFHPHQWLQDGGLFWLRQVEHKDYLRXUV
,Q WKLV IXQFWLRQDO QHXURLPDJLQJ H[SHULPHQW ZH SUHVHQW D JDPEOLQJ WDVN
SDUDGLJP LQZKLFK WKH ULVN DQGYDOXHRI UHZDUG DUHSUHFLVHO\ FRQWUROOHG
8VLQJ WKLV SDUDGLJPZH DVVHVV QHXURQDO UHVSRQVHVZLWKLQ KXPDQ UHZDUG
V\VWHP DGGLWLRQDOO\ WKHVH UHVSRQVHV DUH FRPSDUHG ZLWK ULVNWDNLQJ WUDLWV
DQGJDPEOLQJEHKDYLRU
0HWKRGV (OHYHQ KHDOWK\ YROXQWHHUVZHUH VFDQQHG XVLQJ IXQFWLRQDOPDJ
QHWLF UHVRQDQFH LPDJLQJ GXULQJ WKH SHUIRUPDQFH RI D JDPEOLQJ WDVNZLWK
¿QDQFLDOUHZDUGV
6HQVDWLRQVHHNLQJVFDOH6669ZDVXVHGWRDVVHVVWKHULVNWDNLQJEHKDYLRU
DQG D TXHVWLRQQDLUH IRU JDPEOLQJ EHKDYLRU .XU]IUDJHERJHQ ]XP*OFN
VVSLHOYHUKDOWHQ .)*ZHUH XVHG WR DVVHVV WKH JDPEOLQJ EHKDYLRU RI WKH
YROXQWHHUV
5HVXOWV ,Q WKH JURXS DQDO\VLV JDLQ YHUVXV ORVH FRQGLWLRQ DFWLYDWHG WKH
FRUSXV VWULDWXP FDXGDWH KHDG ELODWHUDOO\ ]YDOXH  S +LJK
JDLQYHUVXVVPDOOJDLQVRXWFRPHVDFWLYDWHGYHQWURODWHUDOSUHIURQWDOFRUWH[
]YDOXH S
:H IRXQG D QHJDWLYH FRUUHODWLRQ EHWZHHQ VXEMHFWLYH JDPEOLQJ LQWHQVLW\
.)*DQGULJKWU SDQGOHIWU SFRUSXVVWULDWDO
DFWLYDWLRQ FDXGDWH KHDG $ QHJDWLYH FRUUHODWLRQ EHWZHHQ JOREDO 6669
VFRUHDQGYHQWURPHGLDOSUHIURQWDOFRUWH[DFWLYDWLRQU S
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
&RQFOXVLRQV2XUNH\¿QGLQJLVWKHGHPRQVWUDWLRQWKDWLQKHDOWK\VXEMHFWV
RFFXU DYDULDWLRQ LQ WKH UHVSRQVH WR UHZDUG WKDW LV FRUUHODWHG WR DGGLFWLRQ
EHKDYLRU PDUNHUV OLNH VHQVDWLRQVHHNLQJ DQG JDPEOLQJ EHKDYLRXU 7KLV
¿QGLQJPD\EHDQHYLGHQFHWKDWYDULDWLRQVLQWKHDFWLYLW\RIWKHEUDLQUHZDUG
FLUFXLWU\DUHUHODWHGZLWKVXVFHSWLELOLW\WRWKHHQJDJHPHQWLQGLIIHUHQWIRUPV
RIULVNWDNLQJDQGDGGLFWLYHEHKDYLRU
&RQVLGHULQJWKDWWKHVHYDULDWLRQDUHJHQHWLFDOO\GHWHUPLQHGZHORRNIRUZDUG
WRFRPSDUHSRO\PRUSKLVPRIGRSDPLQHUJLFV\VWHPZLWKWKHI05,UHVXOWV
<
$OFRKRKOLVP$'+'
<
)DV5HFHSWRU([SUHVVLRQLQ/\PSKRF\WHVRI$OFRKROLF3DWLHQWV
2OJD)HGRUHQNR
0HQWDO+HDOWK5HVHDUFK,QVWLWXWH7RPVN5XVVLD
1DWDOLMD5DNLWLQD(OHQD.DU]DQRYD6YHWODQD,YDQRYD
2EMHFWLYHV 3URJUDPPHG FHOO GHDWK DQG LWVPRUSKRORJLFPDQLIHVWDWLRQ RI
DSRSWRVLV LV HVVHQWLDO PHFKDQLVP LQ DGXOW RUJDQLVPV WR PDLQWDLQ QRUPDO
FHOOXODUKRPHRVWDVLVDQGUHMHFWGHIHFWLYHFHOOV(WKDQROLVDSRVVLEOHSDWKR
JHQLFIDFWRULQGXFLQJDSRSWRVLV7KLVVWXG\ZDVSHUIRUPHGWRLQYHVWLJDWHWKH
)DVUHFHSWRU H[SUHVVLRQ DV DSRSWRVLVPDUNHU LQ O\PSKRF\WHV RI DOFRKROLF
SDWLHQWV
0HWKRGVPHQ\HDUVROGZLWKDOFRKROLVPDYHUDJHFRQWLQXDQFHRI
GLVHDVHZDV\HDUVZHUHH[DPLQHGDORQJZLWKKHDOWK\DJHPDWFKHG
PHQ7KH H[DPLQDWLRQZDV FDUULHGRXW LQ G\QDPLFV DW UHFHLYHQJSDWLHQWV
ZLWKVHYHUHZLWKGUDZDOV\QGURPH6:6DQGDIWHUZHHN WUHDWPHQW7KH
FRQWHQWRIFHOOVZLWKDSRSWRVLVPDUNHUZDVVWXGLHGE\LQGLUHFWLPPXQRÀXR
UHVFHQWPHWKRGZLWKXVHRIPRQRFORQDODQWLERGLHVWR&'DQWLJHQDQGWKH
UHVXOWVZHUHH[SUHVVHGLQSHUFHQWDJHWHUPV
5HVXOWV6LJQL¿FDQWO\LQFUHDVHGDSRSWRVLVLQWKHO\PSKRF\WHVRIDOFRKROLF
SDWLHQWVZLWK6:6DVFRPSDUHGZLWKWKHFRQWUROVZDVUHYHDOHGWKHSHUFHQW
DJH RI O\PSKRF\WHV ZLWK )DVUHFHSWRU H[SUHVVLRQ ZDV  DQG
 UHVSHFWLYHO\ S $IWHU  ZHHN WUHDWPHQW WKH WHQGHQF\
WRZDUG QRUPDOL]DWLRQ RI WKH&' O\PSKRF\WHV SHUFHQWDJH LQ DOFRKROLF
SDWLHQWVZDVGHWHFWHGS
&RQFOXVLRQV+LJKOHYHORI&'O\PSKRF\WHVLQDOFRKROLFSDWLHQWVPD\
EHLQGXFHGE\LQWHQVL¿FDWLRQRIWKHSURFHVVHVRIOLSLGHVSHUR[LGHR[LGDWLRQ
DQG LQFUHDVH RI FRQWHQW RI LWV DFWLYH SURGXFWV LQ WKH EORRG GDPDJLQJ WKH
PHPEUDQHLQWHJULW\DQGGHYHORSLQJDSRSWRVLVIHDWXUHV
5HIHUHQFHV
,NHJDPL < *RRGHQRXJK 6 ,QRXH < 'RGG 35:LOFH 3$ 0DWVXPRWR ,
,QFUHDVHG781(/SRVLWLYHFHOOVLQKXPDQDOFRKROLFEUDLQV1HXURVFL
/HWW
<
(IIHFWVRID2QH<HDU6WLPXODQW7UHDWPHQWRQ%UDLQ6WUXFWXUH
DQG)XQFWLRQVLQ&KLOGUHQZLWK$'+'5HVXOWVIURPD
/RQJLWXGLQDO0RUSKRPHWULFDQG)XQFWLRQDO05,6WXG\
.HUVWLQ.RQUDG
'HSDUWPHQWRI&KLOGDQG$GROHVFHQW3V\FKLDWU\8QLYHUVLW\
+RVSLWDO$DFKHQ*HUPDQ\
6XVDQQH1HXIDQJ*HUHRQ5)LQN%HDWH+HUSHUW]'DKOPDQQ
2EMHFWLYHV$'+'FKLOGUHQGLIIHUIURPQRUPDOFKLOGUHQZLWKUHJDUGWRERWK
EUDLQDQDWRP\DQGIXQFWLRQ+RZHYHU OLWWOH LVNQRZQDERXWWKHORQJWHUP
HIIHFWVRIVWLPXODQWWUHDWPHQWRQWKHGHYHORSLQJEUDLQ
0HWKRGV ,Q D ORQJLWXGLQDO VWXG\ZH HYDOXDWHG WKH LPSDFW RI D RQH\HDU
VWLPXODQW WUHDWPHQW LQHLJKWFKLOGUHQZLWK$'+'DJHG WR\HDUVE\
VFDQQLQJ SDWLHQWV SULRU WR PHGLFDWLRQ 7 DQG DIWHU WKH\ KDG UHFHLYHG
PHWK\OSKHQLGDWH 03+ IRU RQH \HDU 7 (OHYHQ DJH DQG ,4PDWFKHG
KHDOWK\FRQWUROVZHUHDOVRVFDQQHGWZLFH6WUXFWXUDODQGHYHQWUHODWHGI05,
ZHUH XVHG WR LQYHVWLJDWH GLIIHUHQFHV LQ EUDLQ VWUXFWXUH DVVHVVHG E\ YR[HO
EDVHGPRUSKRPHWU\DQGEUDLQDFWLYDWLRQUHODWHGWRWKHH[HFXWLYHDWWHQWLRQDO
FRQWUROV\VWHPPHDVXUHGZLWKDPRGL¿HGYHUVLRQRIWKH$WWHQWLRQ1HWZRUN
7DVN$OO$'+'FKLOGUHQVWRSSHGPHGLFDWLRQGD\VEHIRUHVFDQQLQJ
5HVXOWV$W7$'+'FKLOGUHQVKRZHGUHGXFHGJUD\PDWWHU*0YROXPHV
LQ WKH IURQWDO DQG WHPSRUDO FRUWLFHV ELODWHUDOO\ $W 7 KHDOWK\ FRQWUROV
VKRZHG D VLJQL¿FDQWO\ ODUJHU LQFUHDVH LQ*0YROXPH LQ WKH LQIHULRU WHP
SRUDO J\UXV [  \   ]  =  YR[HO DQG LQ WKH OHIW
FLQJXODWH J\UXV [   \    ]    =     YR[HO FRPSDUHG WR
PHGLFDWHG$'+'FKLOGUHQ,QFRQWUDVW$'+'FKLOGUHQVKRZHGDUHODWLYHO\
ODUJHULQFUHDVHRI*0YROXPHLQWKHULJKWVLGHGVXSHULRUIURQWDOJ\UXV[ 
\ ] = YR[HODQGWKHOHIWPLGGOHIURQWDOJ\UXV
[ \ ] = YR[HO)LJXUH:LWKUHJDUGWRWKH
H[HFXWLYHDWWHQWLRQDOFRQWUROV\VWHPZHREVHUYHGWKDWQRUPDOFRQWUROVLP
SURYHGVLJQL¿FDQWO\WKHLUSHUIRUPDQFHDW7FRPSDUHGWR7SZKLOH
FKLOGUHQZLWK$'+'GLGQRW)LJXUH1HXUDOO\KHDOWK\FRQWUROVVKRZHGD
VLJQL¿FDQWLQFUHDVHLQWKHOHIWVLGHGFDXGDWHDQGFHUHEHOODUDFWLYLW\ZKHUHDV
$'+'FKLOGUHQ VKRZHGDQ LQFUHDVHRIQHXUDO DFWLYLW\ LQ WKH ULJKWPHGLDO
IURQWDOJ\UXV6LJQL¿FDQWJURXS[WLPHLQWHUDFWLRQHIIHFWVZHUHREVHUYHGLQ
WKH DQWHULRU FLQJXODWH J\UXV DQG WKH FHUHEHOOXP ZLWK D ODUJHU LQFUHDVH LQ
QHXUDODFWLYLW\ LQKHDOWK\FRQWUROV ,QFRQWUDVW$'+'FKLOGUHQVKRZHGD
ODUJHULQFUHDVHLQEUDLQDFWLYDWLRQLQWKHVXSHULRUWHPSRUDOJ\UXV7DEOH
&RQFOXVLRQV7KHGDWDVXJJHVWWKDWDOWKRXJKIURQWDO*0YROXPHLQFUHDVHG
GXULQJ WKH IROORZXS LQPHGLFDWHG$'+'FKLOGUHQSDWLHQWVGLGQRW VKRZ
WKH W\SLFDOGHYHORSPHQWDOEUDLQJURZWKSDWWHUQVREVHUYHG LQFRQWUROV$G
GLWLRQDOO\GHVSLWHWKHLQFUHDVHLQIURQWDOOREH*0YROXPHDQGDQLQFUHDVHLQ
IURQWDODFWLYDWLRQGXULQJWKHH[HFXWLYHDWWHQWLRQWDVNFKLOGUHQZLWK$'+'
QHLWKHU LPSURYHG WKHLUDWWHQWLRQDOSHUIRUPDQFHQRUGLG WKH\VKRZDQDJH
DSSURSULDWH LQFUHDVH LQ QHXUDO DFWLYLW\ LQ WKH DQWHULRU FLQJXODWH J\UXV DQG
WKHFHUHEHOOXP7KXVDIWHUDRQH\HDU03+WUHDWPHQWGHOD\HGPDWXUDWLRQDO
SURFHVVHVLQIURQWDO*0FRXOGEHREVHUYHGLQFKLOGUHQZLWK$'+'ZKLFK
KRZHYHUQHLWKHUFRPSHQVDWHGIRUIXQFWLRQDOQRUQHXUDOGH¿FLWVDVVRFLDWHG
ZLWKH[HFXWLYHFRQWURORIDWWHQWLRQ
)LJXUH5HVXOWVRIPL[HGPRGHODQDO\VHVFRQGXFWHGZLWK9%0$/DUJHU*0YRO
XPHLQFRQWUROVFRPSDUHGWRFKLOGUHQZLWK$'+'%ODUJHULQFUHDVHLQ*0YROXPH
DW7LQFRQWUROVFRPSDUHGWRFKLOGUHQZLWK$'+'&ODUJHULQFUHDVHLQ*0YROXPH
DW7LQFKLOGUHQZLWK$'+'FRPSDUHGWRFRQWUROV5HVXOWVDUHWKUHVKROGHGDWS
FRUUHFWHGDQGDUHUHQGHUHGRQDQLQGLYLGXDOEUDLQ
)LJXUH %HKDYLRUDO GDWD0HDQ UHDFWLRQ WLPHV IRU WKH H[HFXWLYH FRQWURO V\VWHP RI
DWWHQWLRQVHSDUDWHO\IRUFRQWUROVDQGPHGLFDWHGFKLOGUHQZLWK$'+'
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7DEOH5HVXOWVRIPL[HGPRGHODQDO\VHVRIIXQFWLRQDOGDWDDVVRFLDWHGZLWKH[HFXWLYH
FRQWURORIDWWHQWLRQ
&RPSDULVRQ 5HJLRQ 6LGH [\] N =VFRUH
&RQWUROV77 &DXGDWH / ±  
&HUHEHOOXP3RVWHULRU/REH 5 ±  
$'+'7±7 0HGLDO)URQWDO*\UXV 5   
&RQWUROV77!$'+'77 $QWHULRU&LQJXODWH*\UXV /   
&HUHEHOOXP3RVWHULRUOREH / ±  
$'+'77!&RQWUROV77 6XSHULRU7HPSRUDO*\UXV 5   
SXQFRUUHFWHGYR[HOWKUHVKROG YR[HOV5 ULJKW/ OHIW
<
+RPRF\VWHLQH$VVRFLDWHG'1$+\SHUPHWK\ODWLRQLQ3DWLHQWV
ZLWK&KURQLF$OFRKROLVP
%HUQG/HQ]
)ULHGULFK$OH[DQGHU8QLYHUVLW\RI(UODQJHQ1XUHPEHUJ*HUPDQ\
'RPLQLNXV%|QVFK-RKDQQHV.RUQKXEHU6WHIDQ%OHLFK
2EMHFWLYHV+RPRF\VWHLQOHYHOVDUHLQFUHDVHGLQDFWLYHO\GULQNLQJDOFRKRO
LFV6$GHQRV\O0HWKLRQLQH6$0LVUHPHWK\ODWHGIURPKRPRF\VWHLQHDQG
DFWVDVDPHWK\OJURXSGRQRULQWUDQVPHWK\ODWLRQUHDFWLRQV'1$PHWK\OD
WLRQLVDQLPSRUWDQWHSLJHQHWLFIDFWRULQUHJXODWLRQRIJHQHH[SUHVVLRQ
5HFHQWO\LWKDVEHHQVKRZQWKDWWKHH[SUHVVLRQRIDOSKDV\QXFOHLQ$6LV
DVVRFLDWHGZLWKDQLQFUHDVHLQDOFRKROFUDYLQJ
7KLV VWXG\ZDVGHVLJQHG WR LQYHVWLJDWHDOWHUDWLRQVRI'1$PHWK\ODWLRQ LQ
SDWLHQWVZLWKDOFRKROLVPIRFXVVLQJRQWKH$6SURPRWRU
0HWKRGV'1$RIPDOHSDWLHQWVZLWKDOFRKROGHSHQGHQFHZDVH[WUDFWHG
IURP SHULSKHUDOPRQRQXFOHDU FHOOV *OREDO DQG JHQH VSHFL¿FPHWK\ODWLRQ
VWDWXVZDVPHDVXUHGDIWHUDGLJHVWLRQZLWK0VS,RU+SD,,0VS,FXWVLQGH
SHQGHQWO\ IURPPHWK\ODWLRQVWDWXVZKLOHFXWWLQJRI+SD,,GHSHQGVRQ WKH
'1$PHWK\ODWLRQVWDWXV7RGHWHFWWKHJOREDOPHWK\ODWLRQWKHRYHUODSSLQJ
HQGVZHUH¿OOHGZLWK&\ODEHOOHGG&73ÀXRUHVFHQFHZDVTXDQWL¿HGDQG
WKHTXRWLHQWVRI+SD,,0VS,ZHUHFDOFXODWHG)RUJHQHVSHFL¿FPHWK\OD
WLRQDTXDQWLWDWLYH3&5ZDVSHUIRUPHGDIWHUGLJHVWLRQ
5HVXOWV:HREVHUYHGDVLJQL¿FDQWLQFUHDVHRIJHQRPLF'1$PHWK\O
DWLRQLQSDWLHQWVZLWKFKURQLFDOFRKROLVPS ZKLFKZDVVLJQL¿FDQWO\
DVVRFLDWHGZLWK WKHLUHOHYDWHGKRPRF\VWHLQH OHYHOV S0RUHRYHUD
VLJQL¿FDQWLQFUHDVHRIWKH$6SURPRWHU'1$PHWK\ODWLRQS 
DVVRFLDWHGZLWKWKHHOHYDWHGKRPRF\VWHLQOHYHOVS ZDVUHFLHYHG:H
FRXOGQRWREVHUYHDQ\VLJQL¿FDQWGLIIHUHQFHVRIWKHSURPRWHU'1$PHWK\OD
WLRQZLWKLQDFRQWUROJHQHSUHVHQLOLQLQDOFRKROLFVS 
&RQFOXVLRQV 2XU GDWD KLQW WR D VXEVHTXHQW GHUDQJHPHQW RI HSLJHQHWLF
FRQWUROLQSDWLHQWVVXIIHULQJIURPFKURQLFDOFRKROLVP$QLQFUHDVHGJHQRPLF
'1$PHWK\ODWLRQVWDWXVPLJKWKDYHLPSRUWDQWLPSOLFDWLRQVIRUXQGHUVWDQG
LQJ WKHSDWKRJHQHVLVRIGLIIHUHQW DOFRKROLVPDVVRFLDWHGGLVRUGHVRU V\PS
WRPVLHFUDYLQJ
5HIHUHQFHV
%|QVFK'/HQ]%5HXOEDFK8.RUQKXEHU-DQG%OHLFK6+RPRF\VWHLQH
DVVRFLDWHGJHQRPLF'1$K\SHUPHWK\ODWLRQLQSDWLHQWVZLWKFKURQLFDOFRKRO
LVP-1HXUDO7UDQVP
%|QVFK'/HQ]%.RUQKXEHU -%OHLFK6'1$K\SHUPHWK\ODWLRQRI WKH
DOSKDV\QXFOHLQSURPRWHULQSDWLHQWVZLWKFKURQLFDOFRKROLVP1HXURUHSRUW

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+RPRF\VWHLQHDQG&RJQLWLRQ'HILFLWVLQ$OFRKROLVP
-XOLD:LOKHOP
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\RI(UODQJHQ1XUHPEHUJ
*HUPDQ\
.ULVWLQD%D\HUOHLQ7KRPDV+LOOHPDFKHU-RKDQQHV.RUQKXEHU
6WHIDQ%OHLFK
2EMHFWLYHV$LP RI WKLV SURVSHFWLYH LQYHVWLJDWLRQZDV WR H[DPLQH D SRV
VLEOH DVVRFLDWLRQ EHWZHHQ FOLQLFDOO\ ZHOONQRZQ FRJQLWLRQ GH¿FLWV DQG
KRPRF\VWHLQHVHUXPOHYHOVLQSDWLHQWVXQGHUJRLQJDOFRKROZLWKGUDZDOVLQFH
HOHYDWHGSODVPDKRPRF\VWHLQHOHYHOVDUHDVVRFLDWHGZLWKFRJQLWLYHGHFOLQH
LQGHPHQWLDDQGKHDOWK\HOGHUO\SHRSOH
0HWKRGVSDWLHQWVZLWKDOFRKROGHSHQGHQFH,&'ZHUHH[DPLQHG
GXULQJ HDUO\ ZLWKGUDZDO WUHDWPHQW :H GHWHUPLQHG KRPRF\VWHLQH VHUXP
OHYHOVDQGDVVHVVHGFRJQLWLYHIXQFWLRQGD\GD\GD\DQGGD\DS
SO\LQJWKHF,7HVW3DWLHQWVZLWKSHUVLVWHQWFRJQLWLYHGH¿FLWVZHUHH[FOXGHG
IURPWKHVWXG\
5HVXOWV3DWLHQWVZLWKFRJQLWLYHGH¿FLWVVKRZHGVLJQL¿FDQWO\KLJKHUKRPR
F\VWHLQH VHUXP OHYHOV 0DQQ:KLWQH\8 S  WKDQ SDWLHQWV ZLWKRXW
FRJQLWLYHGH¿FLWVZKLOH WKHGLIIHUHQFHRI WKHEORRGDOFRKRO FRQFHQWUDWLRQ
ZDV QRW VLJQL¿FDQW 8VLQJ ORJLVWLF UHJUHVVLRQ DQDO\VLV FRJQLWLRQ GH¿FLWV
ZHUHEHVWSUHGLFWHGE\KLJKKRPRF\VWHLQHVHUXPOHYHOV:DOGȤ 25
 &,  SZKLFKZDV FRQ¿UPHGZLWK5HFHLYHU
2SHUDWLQJ&XUYHV$8& &, S 
&RQFOXVLRQV 2XU UHVXOWV SURYLGH ¿UVW HYLGHQFH IRU DQ DVVRFLDWLRQ  DQG
SRVVLEO\DSDWKRSK\VLRORJLFDOUROHRIWKHDOFRKROLVPDVVRFLDWHGK\SHUKR
PRF\VWHLQDHPLDZLWK FRJQLWLRQ GH¿FLWV LQ SDWLHQWV VXIIHULQJ IURP DOFRKRO
ZLWKGUDZDO
<
5HODWLRQVKLSEHWZHHQ,PSXOVLYLW\DQG$JJUHVVLRQLQ%R\V
ZLWK$WWHQWLRQ'HILFLW+\SHUDFWLYLW\'LVRUGHU$'+'(IIHFW
RI5DSLG7U\SWRSKDQ'HSOHWLRQRQ/DERUDWRU\3URYRNHG
$JJUHVVLYH5HVSRQGLQJ
)ORULDQ=HSI
'HSDUWPHQWRI&KLOGDQG$GROHVFHQW3V\FKLDWU\DQG3V\FKRWKHUD
S\RIWKH-:*RHWKH8QLYHUVLW\RI)UDQNIXUWDP0DLQ*HUPDQ\
/RWKDU'HPLVFK0DUFXV6FKPLWW0HLNH/DQGJUDI
&KULVWLQD6WDGOHU)ULW]3RXVWND
2EMHFWLYHV ,QDWWHQWLRQ K\SHUDFWLYLW\ DQG LPSXOVLYHQHVV DUH WKH WKUHH
FDUGLQDOGLPHQVLRQVRI$'+',PSXOVLYLW\KDVEHHQVKRZQWRUHODWHFORVHO\
ZLWKDJJUHVVLYHVSHFWUXPGLVRUGHUVDQGGLVUXSWLYHEHKDYLRU$PRQJVWVWXG
LHVGHDOLQJZLWKWKHXQGHUO\LQJQHXURELRORJLFDODVSHFWVRILPSXOVLYLW\DQG
DJJUHVVLRQWKHVHURWRQHUJLF+7QHXURWUDQVPLWWHUV\VWHPLQYROYLQJERWK
DQLPDODQGKXPDQVWXGLHVKDVDWWUDFWHGWKHPRVWDWWHQWLRQ6WXGLHVRQ$'+'
KDYHVKRZQVLJQL¿FDQWFRYDULDWLRQVEHWZHHQLPSXOVLYLW\DQGDJJUHVVLRQ,Q
RXUVWXG\ZHLQYHVWLJDWHGWKHHIIHFWRIDQDFXWHUHGXFWLRQRIFHQWUDO+7
V\QWKHVLVRQ LPSXOVLYHDQGDJJUHVVLYHEHKDYLRUDQG WKHLUPXWXDO UHODWLRQ
VKLSE\XVLQJWKHPHWKRGRIUDSLGWU\SWRSKDQGHSOHWLRQ57'
0HWKRGV$Q DFXWH UHGXFWLRQ RI FHQWUDO +7 V\QWKHVLVZDV DFKLHYHG E\
DGPLQLVWHULQJWKH57'7HVW0RMD'H0RMDHWDOGUXJIUHHER\V
DJHGPHDQ\UVZLWK$'+'UHFHLYHG WKH57'7HVW0RMD'H
VHYHQ WU\SWRSKDQIUHH DPLQR DFLGV >$$@ DQG D SODFHER FRQVLVWLQJ RI WKH
$$PJNJ/753ERWKGRVHGDFFRUGLQJWRERG\ZHLJKW>JNJ
'HPLVFK HW DO  @ LQ D GRXEOHEOLQG ZLWKLQVXEMHFW FURVVRYHU
GHVLJQ UHVXOWLQJ LQ D GHFUHDVH RI /753 LQÀX[ LQWR WKH EUDLQ RI DSSUR[
$QDVVHVVPHQWRI LPSXOVLYLW\ ,03(\VHQFNV ,9(DQGDJJUHVVLRQ
$**&KLOG%HKDYLRU&KHFNOLVW WRRNSODFH LQDGYDQFH)RXUKRXUV
DIWHU 0RMD'HSODFHER LQWDNH DJJUHVVLYH UHVSRQVH ZDV UDWHG XVLQJ D
FRPSXWHUL]HG FRPSHWLWLYH UHDFWLRQWLPH JDPH RQ SRLQWVZLWK UDQGRPL]HG
SURYRFDWLRQVLQDFFRUGDQFHZLWK3HOKDPHWDO7KHPHDQSRLQWVXE
WUDFWLRQ36WDNHQIURPD¿FWLWLRXVRSSRQHQWE\WKHSDWLHQWVZDVXVHGDVD
PHDVXUHPHQWRIDQJHUUHDFWLYHDJJUHVVLRQ
5HVXOWV)ROORZLQJDQDFXWHUHGXFWLRQRI+7V\QWKHVLVORZLPSXOVLYHSD
WLHQWVUHVSRQGHGVLJQL¿FDQWO\PRUHDJJUHVVLYHO\FRPSDUHGWRKLJKLPSXOVLYH
SDWLHQWVDVDVLJQL¿FDQWQHJDWLYHFRUUHODWLRQEHWZHHQWKHGLIIHUHQFHRI36
XQGHU57'DQGSODFHERWUHDWPHQW"36DQG,03S 5[\ 
VWUHQJWKHQHGE\D,03ORZYVKLJK[7UHDWPHQW57'YVSODFHER
$129$ZLWKUHSHDWHGPHDVXUHVS ) GI LQGLFDWHG
,GHQWLFDOFDOFXODWLRQVEHWZHHQDJJUHVVLRQDQG¨36UHPDLQHGLQVLJQL¿FDQW
8QGHUSODFHERFRQGLWLRQDVLJQL¿FDQWSRVLWLYHFRUUHODWLRQEHWZHHQ,03S 
5[\ $**S 5[\ DQG36LQGLFDWHGDQLPSXOVLYH
DQGDJJUHVVLYHUHVSRQVHLQWKHUHDFWLRQWLPHJDPH
&RQFOXVLRQV 7KH GHJUHH RI UHDFWLYH DJJUHVVLRQ SURYRNHG E\ 3HOKDPV
UHDFWLRQWLPH JDPH LV UHODWHG VLJQL¿FDQWO\ WR LPSXOVLYLW\ /RZ LPSXOVLYH
SDWLHQWV LQ SDUWLFXODU UHDFWZLWK LQFUHDVHG DJJUHVVLYH UHVSRQVHV IROORZLQJ
UHGXFHG+7QHXURWUDQVPLVVLRQEXWQRWKLJKLPSXOVLYHER\VZLWK$'+'
7KHVHGDWDVXSSRUWWKHQRWLRQWKDWWKH$'+'SKHQRW\SH³LQDWWHQWLRQ´GLI
IHUVIURPWKHSKHQRW\SH³K\SHUDFWLYHLPSXOVLYH´DVUHJDUGVQHXURELRORJLFDO
LQWHUDFWLRQVRI+7
5HIHUHQFHV
'HPLVFK/.HZLW]$6FKPHFN.6DGLJRUVN\6%DUWD6'LHUNV7 DQG
3RXVWND )  0HWKRGRORJ\ RI UDSLG WU\SWRSKDQ GHSOHWLRQ 57'
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
LPSDFW RI JHQGHU DQG ERG\ZHLJKW (XURSHDQ$UFKLYHV RI 3V\FKLDWU\ DQG
&OLQLFDO1HXURVFLHQFHV6XSSO,
'HPLVFK/=HSI)6FKPLWW0'HPLVFK'/DQGJUDI06WDGOHU&3RXVWND
) ([SHULPHQWDOO\ LQGXFHG UHGXFWLRQRIFHQWUDO VHURWRQLQV\QWKHVLV
E\XVLQJWKHÄ5DSLG7U\SWRSKDQ'HSOHWLRQ7HVW³57'LQDFFRUGDQFHZLWK
0RMD HW DO0HWKRGRORJ\ GHYHORSHPHQW DQG DSSOLFDWLRQ LQ FKLOGUHQ DQG
DGROHVFHQWV3UHVHQWHGDWWKHÄWK$QQXDOPHHWLQJRQ%LRORJLFDO&KLOGDQG
$GROHVFHQW3V\FKLDWU\´*|WWLQJHQ*HUPDQ\
0RMD($6WRII'0*HVVD*/&DVWROGL'$VVHUHWR57RIDQHWWL2
'HFUHDVHLQSODVPDWU\SWRSKDQDIWHUWU\SWRSKDQIUHHDPLQRDFLGPL[WXUHVLQ
PDQ/LIH6FLHQFHV
3HOKDP:( 0LOLFK 5 &XPPLQJV (0 0XUSK\ '$ 6FKDXJKHQF\ ($
DQG *UHLQHU $5  (IIHFWV RI EDFNJURXQG DQJHU SURYRFDWLRQ DQG
PHWK\OSKHQLGDWH RQ HPRWLRQDO DURXVDO DQG DJJUHVVLYH UHVSRQGLQJ LQ DW
WHQWLRQGH¿FLW K\SHUDFWLYLW\ GLVRUGHUHG ER\VZLWK DQGZLWKRXW FRQFXUUHQW
DJJUHVVLYHQHVV-RXUQDORI$EQRUPDO&KLOG3V\FKRORJ\
<
$IIHFWLYH'LVRUGHUV
<
*6.%DQGWKH0ROHFXODU&ORFNDV1RYHO7DUJHWVLQWKH
7UHDWPHQWRI%LSRODU'LVRUGHU
$GULDQD3RQWLJJLD
,VWLWXWR6FLHQWL¿FR8QLYHUVLWDULR2VSHGDOH65DIIDHOH'HS
6FLHQ]H1HXURSVLFKLFKH6DQ5DIIDHOH7XUUR0LODQ,WDO\
)UDQFHVFR%HQHGHWWL$OHVVDQGUR%HUQDVFRQL&ULVWLQD&RORPER
&ULVWLQD/RUHQ]L$OHVVDQGUR6HUUHWWL(QULFR6PHUDOGL
2EMHFWLYHV 7KH PROHFXODU PHFKDQLVPV GULYLQJ WKH ELRORJLFDO FORFN LQ
WKHVXSUDFKLDVPDWLFQXFOHXVRIWKHK\SRWKDODPXVPD\SOD\DUROHLQPRRG
GLVRUGHUV$VLQJOHQXFOHRWLGHSRO\PRUSKLVP6137&IDOOLQJLQWRWKH
HIIHFWLYHSURPRWHUUHJLRQQWWRRIWKHJHQHFRGLQJIRUJO\FRJHQ
V\QWKDVH NLQDVH ȕ *6.ȕ LV NQRZQ WR UHJXODWH FLUFDGLDQ UK\WKPV LQ
'URVRSKLOD*6.ȕFRGHVIRUDQHQ]\PHZKLFKLVDWDUJHWIRUWKHDFWLRQRI
OLWKLXPDQGWKHLQKLELWLRQRIZKLFKFDXVHVDQWLGHSUHVVDQWOLNHEHKDYLRUVLQ
DSUHFOLQLFDOPRGHO
,QWKHODVW\HDUZHKDYHVWXGLHGWKHHIIHFWRIWKLVSRO\PRUSKLVPRQWKHDJHDW
RQVHWRIELSRODUGLVRUGHUW\SH,RQWKHDFXWHUHVSRQVHWRWRWDOVOHHSGHSULYD
WLRQDQGRQWKHWKHUDSHXWLFUHVSRQVHWROLWKLXPVDOWV
0HWKRGV$KRPRJHQHRXVVDPSOHRILWDOLDQSDWLHQWVDIIHFWHGE\ELSRODU
GLVRUGHUZDVJHQRW\SHGWRDQDO\]HDJHDWRQVHW
:HDOVR VWXGLHG WKHHIIHFWRI WKLVSRO\PRUSKLVPRQ WKHDFXWH UHVSRQVH WR
WRWDOVOHHSGHSULYDWLRQRIGHSUHVVHGELSRODUW\SH,LQSDWLHQWV7KHHIIHFW
RIWKLVSRO\PRUSKLVPRQWKHWKHUDSHXWLFUHVSRQVHWROLWKLXPVDOWVKDGEHHQ
REVHUYHGLQELSRODUW\SH,SDWLHQWV'DWDDERXWUHFXUUHQFHUDWHRIPRRG
HSLVRGHVZHUHFROOHFWHGIRUDWOHDVWWZR\HDUVEHIRUHOLWKLXPDQGWZR\HDUV
RQOLWKLXP
5HVXOWV $JH DW RQVHW ZDV UHWURVSHFWLYHO\ DVFHUWDLQHG ZLWK EHVW HVWLPD
WLRQ SURFHGXUHV +RPR]\JRWHV IRU WKHZLOG YDULDQW 77 VKRZHG DQ HDU
OLHUDJHDWRQVHWWKDQFDUULHUVRIWKHPXWDQWDOOHOHUHVSHFWLYHO\77Q 
PHDQ6'DJHDWRQVHW7&Q DQG&&Q 
 DQG WKLV GLIIHUHQFH LV KLJKO\ VLJQL¿FDQW )  GI 
S 
+RPR]\JRWHV IRU WKH PXWDQW DOOHOH RI *6.ȕ SURPRWHU  7& 613
VKRZHG D ODWHU RQVHW RI ELSRODU LOOQHVV DQG EHWWHU DFXWH HIIHFWV RI 76'
WUHDWPHQW RQ SHUFHLYHGPRRG DV UDWHG RQ9$6 2YHUDOO WKHVH REVHUYD
WLRQVVXJJHVWDSURWHFWLYHUROHIRUWKLVJHQRW\SHLQUHVSHFWWRELSRODULOOQHVV
5HVXOWV VKRZHGDOVR WKDWKRPR]\JRWHV IRU WKHZLOGYDULDQWGLGQRW FKDQJH
WKHLUUHFXUUHQFHLQGH[DIWHUDWOHVDWWZR\HDUVRIOLWKLXPSURSKLOD[LVZKLOH
FDUULHUVRIWKHPXWDQWDOOHOHLPSURYHGWKXVVXSSRUWLQJWKHK\SRWKHVLVWKDW
*6.LVDWDUJHWIRUWKHWKHUDSHXWLFDFWLRQRIOLWKLXP
&RQFOXVLRQV5HVXOWVZDUUDQWLQWHUHVWIRUWKHYDULDQWVRIJHQHVSHUWDLQLQJWR
WKHPROHFXODUFORFNDVSRVVLEOHHQGRSKHQRW\SHVRIELSRODUGLVRUGHUDQGIRU
*6.ȕDVDWDUJHWRIDQHZFODVVRIDQWLGHSUHVVDQWGUXJVEXWFDXWLRQRXJKW
WREH WDNHQ LQ LQWHUSUHWLQJ WKHVHSUHOLPLQDU\ UHVXOWVDQG IXWXUH UHSOLFDWLRQ
VWXGLHVPXVWEHDZDLWHGEHFDXVHRIWKHORZIUHTXHQF\RIWKH*6.ȕ&&
JHQRW\SHLQWKHVWXGLHGSRSXODWLRQV
<
&KDQJHVLQ5LJKW'/3)&%$DIWHU7UHDWPHQWLQ%LSRODU
'HSUHVVLRQ
5DGDHOOL'DQLHOH
,VWLWXWR6FLHQWL¿FR2VSHGDOH6DQ5DIIDHOH&(50$&0LODQR
,WDOLD
%HUQDVFRQL$OHVVDQGUR%HQHGHWWL)UDQFHVFR%ODVL9DOHULD
&DGLROL0DUFHOOR&RORPER&ULVLWQD)DOLQL$QGUHD
6FRWWL*LXVHSSH6PHUDOGL(QULFR
2EMHFWLYHV&KURQLFLQFDSDFLW\WRVXSSUHVVQHJDWLYHHPRWLRQPD\EHDNH\
IDFWRULQWKHJHQHVLVRIGHSUHVVLRQ6WXGLHVRIWKHQHXUDOFRUUHODWHVRIWUDQ
VLHQWQRUPDOVDGQHVVDQGKHDOWK\YROXQWDU\VXSSUHVVLRQRIQHJDWLYHDIIHFW
UHYHDOHGDUROHIRUULJKWGRUVRODWHUDOSUHIURQWDOFRUWH['/3)&%$
7RWDOVOHHSGHSULYDWLRQ76'FDXVHVUDSLGDQWLGHSUHVVDQWHIIHFWVLQSDWLHQWV
DIIHFWHG E\ D PDMRU GHSUHVVLYH HSLVRGH+\SRWKHVLV WHVWHG DQWLGHSUHVVDQW
UHVSRQVHWR76'PD\EHSDUDOOHOHGE\FKDQJHVLQQHXUDOUHVSRQVHRIULJKW
%$WRHPRWLRQDOO\WXQHGVWLPXOL
0HWKRGV*UDGLHQW HFKR HFKRSODQDU LPDJLQJ DW 7HVOD 75VZDV
XVHGWRVWXG\ELSRODUGHSUHVVHGLQSDWLHQWVEHIRUHDQGDIWHUWUDWPHQWZLWK
UHSHDWHG76'
7KHFRJQLWLYHDFWLYDWLRQSDUDGLJPEDVHGRQDJRQRJRWDVN:RUGVZLWKD
SRVLWLYHRUQHJDWLYHPRUDOYDOXHHJEUDYHYLOHZHUHUDQGRPSUHVHQWHGLQ
IRXUVHVVLRQ3DWLHQWVHLWKHUUHVSRQGHGWRSRVLWLYHWDUJHWVDQGLJQRUHGQHJD
WLYHGLVWUDFWRURUWKHRSSRVLWH
8VLQJ 630ZLWK:)8B3LFN$WODV WRROER[ZHPRGHOOHG WKUHH DVSHFWV RI
EUDLQDFWLYDWLRQDWHDFKYR[HOLQULJKW'/3)&%$FRQWUDVWEHWZHHQ
UHVSRQVHWRSRVLWLYHRUQHJDWLYHVWLPXOLDQGUHVWLQJFRQGLWLRQFRQWUDVW
EHWZHHQUHVSRQVHWRSRVLWLYHDQGWRQHJDWLYHVWLPXOLUHJUHVVLRQEHWZHHQ
PRRGOHYHOVIDFWRUDQGUHVSRQVHWRSRVLWLYHRUQHJDWLYHVWLPXOL
5HVXOWV %$ EDVHOLQH DFWLYLW\ ZDV QRW FRUUHODWHG ZLWK PRRG OHYHOV
5HVSRQVH WR WUHDWPHQWZDV SDUDOOHOHG E\ DQ LQFUHDVHG QHXUDO UHVSRQVH WR
HPRWLRQDOVWLPXOL$FWLYLW\ZDVFRUUHODWHGZLWKSHUFHLYHGPRRG¿JXUH
KDSSLQHVV 9$6! KLJKHU DFWLYLW\ IRU QHJDWLYH DQG ORZHU IRU SRVLWLYH
VWLPXOLVDGQHVV9$6ORZHUDFWLYLW\IRUQHJDWLYHDQGKLJKHUIRUSRVL
WLYHVWLPXOL
&RQFOXVLRQV
5HVSRQVH WR WUHDWPHQW ZDV SDUDOOHOHG E\ DQ LQFUHDVH LQ WKH UROH RI ULJKW
'/3)&LQWKHPDQDJHPHQWRIHPRWLRQZLWKVSHFL¿FHIIHFWVZKHQSURFHVV
LQJHPRWLRQDOO\WXQHGVWLPXOL
5HIHUHQFHV
0D\EHUJ+6HWDO5HFLSURFDOOLPELFFRUWLFDOIXQFWLRQDQGQHJDWLYH
PRRG FRQYHUJLQJ 3(7¿QGLQJV LQ GHSUHVVLRQ DQG QRUPDO VDGQHVV$P -
3V\FKLDWU\
/HYHVTXH-HWDO1HXUDOFLUFXLWU\XQGHUO\QJYROXQWDU\VXSSUHVVLRQ
RIVDGQHVV%LROSV\FKLDWU\
)LJXUH  &RUUHODWLRQ EHWZHHQ SHUFHLYHG PRRG OHYHOV PHDQ GDLO\ 9$6 VFRUHV \
D[LVDQGQHXUDOUHVSRQVHWRQHJDWLYH$RUSRVLWLYH%VWLPXOLLQULJKWGRUVRODWHUDO
SUHIURQWDO FRUWH[ %$ LQELSRODUGHSUHVVHGSDWLHQWV WUHDWHGZLWK UHSHDWHG WRWDO
VOHHSGHSULYDWLRQ
$
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
%
<
(IIHFWVRI5HSHWLWLYH706RQWKH([SUHVVLRQRI*URZWK
)DFWRUV
&RUQHOLD5HLFKDUGW
'HSWRI3V\FKLDWU\8QLYHUVLW\RI(UODQJHQ1XUHPEHUJ*HUPDQ\
$QGUHDV:+HQNHO'RPLQLNXV%|QVFK-HQV:LOWIDQJ
-RKDQQHV.RUQKXEHU:ROIJDQJ6SHUOLQJ$QGUHD5RWWHU
2EMHFWLYHV5HSHWLWLYH706KDVEHHQVKRZQWREHHIIHFWLYHLQGHSUHVVLRQ
WKHUDS\7KHPHFKDQLVPLVEHOLHYHGWREHGXHWRUHOHDVHRIQHXURWUDQVPLW
WHUV IURPV\QDSVHVE\GHSRODULVDWLRQ LQGXFHGE\DSXOVHGPDJQHWLF¿HOG
$FFRUGLQJ WRD UHFHQW WKHRU\GHSUHVVLRQ LVDGH¿FLWRIQHXURQDOSODVWLFLW\
UDWKHU WKDQ RI LQVXI¿FLHQW QHXURWUDQVPLWWHU FRQFHQWUDWLRQV LQ WKH V\QDSWLF
FOHIW,WLVSRVWXODWHGWKDWDGHFUHDVHRIJURZWKIDFWRUFRQFHQWUDWLRQVFDXVHV
LQVXI¿FLHQW D[RQDO VSURXWLQJ QHXURQDO GDPDJH UHSDLU DQG QHXURWUDQVPLV
VLRQ :H DQDO\VHG WKH H[SUHVVLRQ RI %'1) &17) 17 1*) E)*)
&5(%7*)ȕ *'1) DQG WK\URVLQH K\GUR[\ODVH LQ WKUHH GLIIHUHQW FHOO
OLQHV3&6<<DQG17
0HWKRGV6<<FHOOVZHUHGLIIHUHQWLDWHGE\30$17FHOOVE\UHWLQRLF
DFLGDQGWUHDWHGWZLFHDGD\ZLWK706IRURQHZHHN3&FHOOVZLWKRXW
DQ\IXUWKHUGLIIHUHQWLDWLRQLQGXFWLRQZHUHWUHDWHGDOLNH7KH706FRLOZDV
SRVLWLRQHGGLUHFWO\RYHUWKHFXOWXUHÀDVNVDQGWKHFHOOVZHUHVWLPXODWHGZLWK
SXOVHV DW +HUW] 7HVOD4XDQWLWDWLYH3&5ZDV SHUIRUPHGRQ
D UHDOWLPH3&5V\VWHPDFFRUGLQJ WRD WKUHHVWHSVWDQGDUGSURWRFRODWDQ
DQQHDOLQJWHPSHUDWXUHRI&RU&UHVSHFWLYHO\%HWDDFWLQZDVXVHGDV
LQWHUQDOVWDQGDUGDQGȕ&7YDOXHVZHUHFDOFXODWHGIURPGLIIHUHQFHVEHWZHHQ
JURZWKIDFWRUVDQGEHWDDFWLQ3URWHLQH[SUHVVLRQZDVPHDVXUHGE\F\WRNLQH
LPPXQRDUUD\&\WRUD\DFFRUGLQJWRPDQXIDFWXUHU¶VLQVWUXFWLRQV
5HVXOWV 5HSHWLWLYH 706 FDXVHG DQ LQFUHDVH RI %'1)7*)ȕ DQG7K\
URVLQHK\GUR[\ODVHLQ3&FHOOVZKLOHWKHUHPDLQLQJIDFWRUVVKRZHGQR
DOWHUDWLRQLQWKHLUH[SUHVVLRQ%\FRQWUDVW6<<FHOOVVKRZHGDUHGXFWLRQ
RI17DQG%'1)XSRQ706ZKHUHDV17FHOOVLQFUHDVHGWKHH[SUHVVLRQ
RI177KH LQFUHDVHRI7*)ȕ LQ3&FHOOVRQ WKHSURWHLQ OHYHOZDV
LQGHSHQGHQWO\FRQ¿UPHGE\DQLPPXQRDVVD\
&RQFOXVLRQV706FDXVHG VSHFL¿FHIIHFWVRQJURZWK IDFWRU H[SUHVVLRQ LQ
WKUHHGLIIHUHQWFHOOW\SHV3&FHOOVDPRGHOIRUFDWHFKROLQHUJLFQHXURQV
VKRZHGDVLPLODULQFUHDVHRI%'1)DVUHSRUWHGHDUOLHUIURP(&7DQGDQWL
GHSUHVVDQW WUHDWPHQW LQPRXVH GHSUHVVLRQPRGHOV ,Q DGGLWLRQZH IRXQG
WKDW7*)ȕDQHXURWURSKLFIDFWRUZDVLQFUHDVHGE\UHSHWLWLYH706WRR
,QWHUHVWLQJO\17FHOOVDPRGHOIRUFKROLQHUJLFFHOOVVKRZHGDQLQFUHDVH
RIWKHQHXURWURSKLFIDFWRU17QHYHUREVHUYHGEHIRUH1RQHRIWKHWHVWHG
SDUDPHWHUVZHUHLQFUHDVHGLQ6<<FHOOV8QOLNHLQ3&DQG17FHOOV
WKH\ UDWKHU VKRZHG D UHGXFWLRQ LQ %'1) DQG 17 7KHVH REVHUYDWLRQV
LQGLFDWH WKDW GLIIHUHQW FHOO W\SHV UHVSRQG GLIIHUHQWO\ WR U706 WUHDWPHQW
7KLVPLJKWH[SODLQWKHVSHFL¿FHIIHFWVRIU706LQGLIIHUHQWEUDLQDUHDVRI
GHSUHVVLYHSDWLHQWV
5HIHUHQFHV
 *UXQKDXV / HW DO 5HSHWLWLYH WUDQVFUDQLDO PDJQHWLF VWLPXODWLRQ LV DV
HIIHFWLYH DV HOHFWURFRQYXOVLYH WKHUDS\ LQ WKH WUHDWPHQW RI QRQGHOXVLRQDO
PDMRUGHSUHVVLYHGLVRUGHUDQRSHQVWXG\%LRORJLFDO3V\FKLDWU\

'XPDQ560DOEHUJ-1DNDJDZD6	'µ6D&1HXURQDOSODVWLFLW\
DQGVXUYLYDOLQPRRGGLVRUGHUV%LRO3V\FKLDWU\
9DLG\D9$6LXFLDN-$'X)	'XPDQ56+LSSRFDPSDOPRVV\
¿EHUVSURXWLQJLQGXFHGE\FKURQLFHOHFWURFRQYXOVLYHVHL]XUHV1HXURVFLHQFH

<
706LQ5HVLVWDQW'HSUHVVLRQ$'RXEOH%OLQG3ODFHER
&RQWUROOHG7ULDO
'DYLG5RVVLQL
'HSDUWPHQWRI3V\FKLDWU\6FKRRORI0HGLFLQH9LWD6DOXWH8QLYHU
VLW\6DQ5DIIDHOH,WDO\
$/XFFD5=DQDUGL(6PHUDOGL
$LPV 7KLV ZHHN UDQGRPLVHG GRXEOHEOLQG SODFHERFRQWUROOHG VWXG\
LQYHVWLJDWHGWKHHI¿FDF\DQGWROHUDELOLW\RIKLJKIUHTXHQF\UHSHWLWLYHWUDQ
VFUDQLDOPDJQHWLFVWLPXODWLRQU706GLUHFWHGWRWKHOHIWSUHIURQWDOFRUWH[
LQGHSUHVVHGSDWLHQWVGH¿QHGDVUHVLVWDQWWRSKDUPDFRORJLFDODQWLGHSUHVVDQW
WUHDWPHQWV
0HWKRGV)LIW\IRXU ULJKWKDQGHGSDWLHQWVZHUH LQFOXGHG LQ WKH VWXG\$OO
SDWLHQWVZHUH VXIIHULQJ IURPD VHYHUHDQGGUXJ UHVLVWDQWPDMRUGHSUHVVLYH
HSLVRGHZLWKRXW SV\FKRWLF IHDWXUHV 'XULQJ WKH WULDO  SDWLHQWV ZHUH RQ
YHQODID[LQHRQÀXYR[DPLQHRQVHUWUDOLQHDQGRQLPLSUDPLQH
3DUWLFLSDQWVZHUHDOORFDWHGWRVKDPRUWKHWZRDFWLYHVWLPXODWLRQVDQG
RIPRWRUWKUHVKROG07DFFRUGLQJWRDFRPSXWHUJHQHUDWHGUDQGRP
OLVW
5HVXOWV)LIW\WZRRIWKHHQUROOHGSDWLHQWVFRPSOHWHGWKHHQWLUHSURWRFRO
7ZRSDWLHQWVGURSSHGRXW)LYHRXWRISDWLHQWVLQWKH07
JURXSZHUHUHVSRQGHUVDQGDOORIWKHPVKRZHGDVXVWDLQHGUHPLVVLRQRIWKH
HSLVRGHZKLOH  VXEMHFWV ZHUH QRQ UHVSRQGHUV ,Q WKH 07 JURXS
 RXW RI  ZHUH UHVSRQGHUV DQG RI WKHP VKRZHG D FRPSOHWH
UHPLVVLRQSDWLHQWVZHUHQRQUHVSRQGHUV,QWKHVKDPJURXSRQO\SDWLHQW
RXWRIZDVUHVSRQGHUEXWGLGQRWIXO¿OWKHFULWHULDIRUFRPSOHWH
UHPLVVLRQRIWKHHSLVRGH$VLJQL¿FDQWGLIIHUHQFHZDVIRXQGEHWZHHQ
07DQGVKDPJURXSVFKLVTXDUHG GI S ZKLOHQRVLJQL¿
FDQWGLIIHUHQFHZDVIRXQGFRPSDULQJ07YHUVXVVKDPVWLPXODWLRQFKL
VTXDUHG GI S %HWZHHQWKHWZRDFWLYHJURXSVDPDUJLQDOO\
VLJQL¿FDQW WUHQG WRZDUGV VLJQL¿FDQFHZDVREVHUYHG FKL VTXDUHG GI
 S 
)LJXUH  VKRZV +$0' VFRUH UHGXFWLRQ RYHU WLPH LQ WKH WKUHH JURXSV
7KH GLIIHUHQFH DPRQJ WKHP VWDUWHG WR EH VLJQL¿FDQW DW WKH HQG RI WKH
¿UVW ZHHN RI 706 WUHDWPHQW $129$ )  GI  S 
VKRZLQJ VWDWLVWLFDOO\ VLJQL¿FDQW DGYDQWDJH IDYRXULQJ WKH  VWLPXOD
WLRQ JURXS RYHU WKH VKDP RQH /6' SRVWKRF  7KH VLJQL¿FDQFH
LQFUHDVHG RYHU WLPH DV UHYHDOHG E\ WKH WLPH [ JURXS LQWHUDFWLRQ DW WKH
$129$5 )  GI  S IRU WKH +$0' VFRUHV 7KH
/6' SRVWKRF WHVW KLJKOLJKWHG D VLJQL¿FDQW GLIIHUHQFH EHWZHHQ WKH
 07 JURXS DQG WKH VKDP RQH S   VLPLODUO\ WKHUH ZDV
D VLJQL¿FDQW GLIIHUHQFH EHWZHHQ WKH  JURXS DQG WKH  JURXS
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
S DQGEHWZHHQWKH07JURXSDQGWKHVKDPRQHS 
&RQFOXVLRQV 2XU ¿QGLQJ VXJJHVWV WKDW OHIW SUHIURQWDO U706 LQ WKH KLJK
IUHTXHQF\ UDQJH +] LV HIIHFWLYH LQSDWLHQWVZLWKGUXJ UHVLVWDQWPDMRU
GHSUHVVLRQ
)LJXUH+$0'VFRUHUHGXFWLRQRYHUWLPHLQWKHWKUHHJURXSVRIWUHDWPHQW
<
*6.ȕ7&3RO\PRUSKLVPDQG/LWKLXP5HVSRQVH,Q
%LSRODU'LVRUGHU
$OHNVDQGUD6]F]HSDQNLHZLF]
3R]QDQ8QLYHUVLW\RI0HGLFDO6FLHQFHV3RODQG
$OHNVDQGUD6XZDOVND0DULD6NLELQVND-DQXV].5\EDNRZVNL
-RDQQD+DXVHU
2EMHFWLYHV ,Q DVVRFLDWLRQ VWXG\ RI JO\FRJHQ V\QWKDVH NLQDVHȕ *6.
ȕJHQH&7SRO\PRUSKLVPZDVUHODWHGWRWKHHDUOLHUDJHRIRQVHWRI
ELSRODUGLVRUGHUEXWQRWWRWKHSUHVHQFHRILOOQHVVLQJHQHUDO/RFDOL]DWLRQ
RIWKLV613LQWKHHIIHFWLYHSURPRWHUUHJLRQPD\DIIHFW*6.ȕH[SUHVVLRQ
/LWKLXP RQH RI WKH PRVW LPSRUWDQW PRRG VWDELOL]HUV LQ ELSRODU GLVRUGHU
WUHDWPHQWGLUHFWO\LQKLELWVDFWLRQRIEUDLQ*6.ȕLQYLYRDWFRQFHQWUDWLRQV
UHOHYDQWIRUWKHWUHDWPHQWRIELSRODUGLVRUGHU0RUHRYHUKDSORLQVXI¿FLHQF\
RI*6.ȕSURWHLQVLPXODWHVPROHFXODUDQGEHKDYLRUDOHIIHFWVRIOLWKLXPLQ
DQLPDOPRGHO7KHUHIRUHJO\FRJHQV\QWKDVHNLQDVHȕ*6.ȕKDVEHHQ
LPSOLFDWHG LQ WKHSDWKRJHQHVLVDQG WUHDWPHQWUHVSRQVHRIELSRODUGLVRUGHU
7KHDLPRIWKLVVWXG\ZDVWR¿QGDSRVVLEOHDVVRFLDWLRQRI7&SRO\PRU
SKLVP RI *6.ȕ JHQH DQG ELSRODU GLVRUGHU DQG WR DQDO\]H UHODWLRQVKLS
EHWZHHQ OLWKLXP UHVSRQVH DQG *6.ȕ JHQRW\SH LQ WKH JURXS RI ELSRODU
SDWLHQWV
0HWKRGV:HDQDO\]HGQ ELSRODUSDWLHQWVPDOHDQGIHPDOH
DQG Q  VXEMHFWV IURP WKH FRQWURO JURXS  PDOH DQG  IHPDOH
&RQVHQVXVGLDJQRVLVE\DWOHDVWWZRSV\FKLDWULVWVZDVPDGHIRUHDFKSDWLHQW
DFFRUGLQJ WR '60,9 DQG ,&' FULWHULD 6&,':H DOVR DQDO\]HG 
ELSRODUSDWLHQWVPDOHDQGIHPDOHZKRKDYHEHHQWUHDWHGZLWKOLWKLXP
FDUERQDWHIRUWR\HDUV3DWLHQWVVWUDWL¿HGE\*6.ȕJHQRW\SHVZHUH
DQDO\]HGLQFDWHJRULHVRISURSK\ODFWLFOLWKLXPUHVSRQVHH[FHOOHQWSDUWLDO
QRQH *HQRW\SHV ZHUH HVWDEOLVKHG E\ 3&55)/3 PHWKRG ,Q VWDWLVWLFDO
DQDO\VLV ZH XVHG 3HDUVRQ¶V FKLVTXDUH WHVW DQG )LVKHU¶V H[DFW WHVW 7KH
UHVXOWVZHUHFRQ¿UPHGE\VWHSZLVHORJLVWLFUHJUHVVLRQDQDO\VLV
5HVXOWV$ VOLJKW WUHQG WRZDUGV KHWHUR]\JRXV7&JHQRW\SHZDV IRXQG LQ
WKHZKROH JURXSRI ELSRODU SDWLHQWV S  GI  Ȥ  DQG LQ WKH
IHPDOHJURXSS GI Ȥ LQFRPSDULVRQWRFRQWUROVXEMHFWV
:HDOVRIRXQGDQDVVRFLDWLRQRI7DOOHOHLQWKHIHPDOHJURXSRIELSRODU,DQG
,,SDWLHQWVS IRUW\SH,DQGS IRUW\SH,,1RDVVRFLDWLRQZDV
IRXQGZLWKWKHHDUO\DJHRIRQVHWRIELSRODUGLVRUGHU1RVLJQL¿FDQWGLIIHU
HQFHVZHUHREVHUYHGEHWZHHQ*6.ȕJHQRW\SHVDQGDOOHOHVDQGUHVSRQVHWR
OLWKLXPS DQGS UHVSHFWLYHO\
&RQFOXVLRQV:HKDYHIRXQGDQDVVRFLDWLRQRI7&SRO\PRUSKLVPLQWKH
IHPDOHJURXSRIELSRODUSDWLHQWV1RDVVRFLDWLRQZDVIRXQGEHWZHHQ*6.
ȕ7&SRO\PRUSKLVPDQGUHVSRQVHWROLWKLXPLQELSRODUSDWLHQWV
<
(IIHFWVRI'HSUHVVLRQDQG/RQJWHUP$QWLGHSUHVVDQW
7UHDWPHQWRQ&RJQLWLRQDQG$FWXDO'ULYLQJ3HUIRUPDQFH

0DUOHHQ:LQJHQ
0DDVWULFKW8QLYHUVLW\1HWKHUODQGV
-DQ*5DPDHNHUV-HURHQ$-6FKPLWW
2EMHFWLYHV'HSUHVVLRQ LV D FRPPRQPHQWDO GLVRUGHUZLWK NQRZQ FRJQL
WLYHGH¿FLWVEXW OLWWOH LVNQRZQDERXW WKHUHODWLRQVKLSEHWZHHQGHSUHVVLRQ
DQG GULYLQJ DELOLW\ 'HSUHVVLRQ SHU VH DQG DQWLGHSUHVVDQW WUHDWPHQW PD\
ERWK FDXVH GULYLQJ LPSDLUPHQW GXULQJ WKH RQVHW RI WUHDWPHQW EXW WKHVH
HIIHFWVPD\DOVRPLWLJDWHRYHUWLPHDVDIXQFWLRQRIWROHUDQFHRUWKHUHOLHI
RI GHSUHVVLRQ7KHSUHVHQW VWXG\ DLPHG WR DVVHVV WKH HIIHFWV RI ORQJWHUP
DQWLGHSUHVVDQW WUHDWPHQW RQ DFWXDO GULYLQJ SHUIRUPDQFH DQG FRJQLWLRQ RI
GHSUHVVHGSDWLHQWV
0HWKRGV $FWXDO GULYLQJ SHUIRUPDQFH DQG +DPLOWRQ 'HSUHVVLRQ 5DWLQJ
6FDOH VFRUH +'56VFRUH ZDV DVVHVVHG LQ GHSUHVVHG SDWLHQWV ZLWKRXW
DQWLGHSUHVVDQW WUHDWPHQW 1  PHGLFDWHG GHSUHVVHG SDWLHQWV 1 
DQGKHDOWK\FRQWUROV1 0HGLFDWHGSDWLHQWVKDGEHHQUHFHLYLQJRQHRI
WKHIROORZLQJIRUZHHNVFLWDORSUDPPJGD\ÀXR[HWLQH
PJGD\SDUR[HWLQHPJGD\VHUWUDOLQHPJGD\YHQODID[LQH
PJGD\ÀXYR[DPLQHPJGD\'HSUHVVLYHVWDWHPRRGDQG
VOHHSTXDOLW\ZHUHDVVHVVHG(IIHFWVRIGHSUHVVLRQDQGGUXJHIIHFWVZHUHDV
VHVVHGXVLQJFRJQLWLYH WHVWVDVVHVVLQJPHPRU\DWWHQWLRQDQGSV\FKRPRWRU
VSHHGDQGWZRVWDQGDUGL]HGRQWKHURDGGULYLQJWHVWV
5HVXOWV 'DWD VKRZHG D VLJQL¿FDQW ULVH LQ 6WDQGDUG'HYLDWLRQ RI /DWHUDO
3RVLWLRQ6'/3LQGHSUHVVHGSDWLHQWVZLWKRXWDQWLGHSUHVVDQWWUHDWPHQWDQG
DVPDOOHUEXWVWLOOVLJQL¿FDQWULVHLQ6'/3LQPHGLFDWHGSDWLHQWVUHODWLYHWR
KHDOWK\FRQWUROV+'56VFRUHLQGHSUHVVHGSDWLHQWVZLWKRXWDQWLGHSUHVVDQW
WUHDWPHQWZDVVLJQL¿FDQWO\KLJKHU+'56 DVFRPSDUHGWRPHGLFDWHG
SDWLHQWV+'56 DQGKHDOWK\VXEMHFWV+'56 
7KH WLPH WR VSHHG DGDSWDWLRQ LQ WKH FDU IROORZLQJ WHVW ZDV LPSDLUHG LQ
SDWLHQWVUHFHLYLQJ665,WUHDWPHQWIRUZHHNVFRPSDUHGWRKHDOWK\FRQ
WUROV$YHUDJH&ULWLFDO )OLFNHU )XVLRQ WKUHVKROGZDV VLJQL¿FDQWO\ UHGXFHG
LQ SDWLHQWV UHFHLYLQJ665, WUHDWPHQW IRU ZHHNV FRPSDUHG WR KHDOWK\
FRQWUROV1RRWKHUGLIIHUHQFHVLQFRJQLWLYHSHUIRUPDQFHZHUHIRXQGEHWZHHQ
PHGLFDWHGSDWLHQWVDQGKHDOWK\FRQWUROV
&RQFOXVLRQV7KHUHVXOWVLQGLFDWHGWKDWGHSUHVVLRQE\LWVHOILPSDLUVFHUWDLQ
DVSHFWVRIDFWXDOGULYLQJSHUIRUPDQFH/RQJWHUPWUHDWPHQWZLWKDQWLGHSUHV
VDQWVVHHPHGWRDWWHQXDWHWKHGULYHULPSDLUPHQWEXWGLGQRWIXOO\QRUPDOLVH
SHUIRUPDQFH
<
3V\FKRWLF'LVRUGHUV,
<
+LVWDPLQH+UHFHSWRUJHQHSRO\PRUSKLVPVLQVFKL]RSKUHQLD
DQGRODQ]DSLQHDVVRFLDWHGZHLJKWJDLQ
%HDWD*RGOHZVND
'HSDUWPHQWRI3V\FKLDWU\0HGLFDO8QLYHUVLW\RI*GDQVN3RODQG
/XL]D2ODMRVV\+LONHVEHUJHU-DQXV]/LPRQ-HU]\/DQGRZVNL
2EMHFWLYHV7KHUHLVHYLGHQFHVXJJHVWLQJLQYROYHPHQWRIWKHKLVWDPLQHUJLF
V\VWHP LQ WKH HWLRORJ\ RI VFKL]RSKUHQLD HVSHFLDOO\ FRQWULEXWLRQ RI WKH
+ UHFHSWRUV WR GH¿FLW V\PSWRPV DQG DOVR WR DGYHUVH HIIHFWV RI DW\SLFDO
DQWLSV\FKRWLFV HVSHFLDOO\ZHLJKW JDLQ:HKDYH WKHUHIRUH VHOHFWHG+ UH
FHSWRUJHQHDVDFDQGLGDWHJHQHDQGH[DPLQHGLWVVL[SUHYLRXVO\GHVFULEHG
SRO\PRUSKLVPV &7 $VS*OX $* 3KH¨ /HX6HU
/\V$VQLQWKHSRSXODWLRQRIWKH1RUWKHUQ3RODQG
0HWKRGV7KH VWXG\ZDV SHUIRUPHG RQ  SUREDQGV  VFKL]RSKUHQLF
SDWLHQWVDQGPDWFKHGKHDOWK\FRQWUROVIURPWKHJHQHUDOSRSXODWLRQ7KH
JURXSRISDWLHQWVZHUH WUHDWHGZLWKRODQ]DSLQH DQGZHPHDVXUHG WKHLU
ZHLJKWDWEDVHOLQHDQGDIWHUZHHNVRIWKHWUHDWPHQWUHFRJQL]LQJFXWRII
SRLQWDVERG\ZHLJKWJDLQ$OOVFKL]RSKUHQLFSDWLHQWVPHW'60,9FULWHULD
DVVHVVHGZLWKWKHVWUXFWXUHGLQWHUYLHZ6&,',&OLQLFDOV\PSWRPVDQGWKHLU
LQWHQVLW\ ZHUH DVVHVVHG XVLQJ WKH 3RVLWLYH DQG1HJDWLYH 6\QGURPH 6FDOH
3$166*HQRPLF'1$ZDVH[WUDFWHG IURP OHXNRF\WHVXVLQJD VWDQGDUG
SKHQROFKORURIRUP PHWKRG DQG WKH SRO\PRUSKLVPV ZHUH DQDO\VHG XVLQJ
3&566&3DQG3&55)/3PHWKRGV$XWRPDWHGVHTXHQFLQJZDVSHUIRUPHG
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
WRFRQ¿UPWKHSUHVHQFHRIHDFKSRO\PRUSKLVP
5HVXOWV)RUDOOVL[DQDO\VHGSRO\PRUSKLVPVWKHUHZDVQRDVVRFLDWLRQEH
WZHHQWKHSRO\PRUSKLFYDULDQWVDQGVFKL]RSKUHQLDUHJDUGLQJERWKJHQRW\SH
DQGDOOHOHGLVWULEXWLRQ0RUHRYHULQERWKH[DPLQHGJURXSVZHIRXQGRQO\
$VSIRU$VS*OXSRO\PRUSKLVPDQG/HXIRU/HX6HUSRO\
PRUSKLVPYDULDQWV:HZHUHDOVRQRWDEOHWRVKRZDQ\DVVRFLDWLRQEHWZHHQ
WKHH[DPLQHGSRO\PRUSKLFYDULDQWVDOOHOHVDQGJHQRW\SHVRIWKH+UHFHS
WRUJHQHDQGZHLJKWJDLQDIWHUWKHWUHDWPHQWZLWKRODQ]DSLQH
&RQFOXVLRQV 7KH UHVXOWV VXJJHVW QR VLJQL¿FDQW DVVRFLDWLRQ EHWZHHQ +
UHFHSWRU JHQH YDULDQWV DQG ERWK VFKL]RSKUHQLD DQG VKRUWWHUP  ZHHNV
ZHLJKWJDLQDVVRFLDWHGZLWKRODQ]DSLQHWUHDWPHQW
5HIHUHQFHV
0DQFDPD'$UUDQ]0-0XQUR-0DNRII$.HUZLQ57KHKLVWD
PLQHDQGKLVWDPLQHUHFHSWRUJHQHV±FDQGLGDWHVIRUVFKL]RSKUHQLDDQG
FOR]DSLQHGUXJUHVSRQVH*HQH6FUHHQ,
0DQFDPD'$UUDQ]0-0XQUR-2VERUQH60DNRII$&ROOLHU'.HUZLQ
5,QYHVWLJDWLRQRISURPRWHUYDULDQWVRIWKHKLVWDPLQHDQGUHFHS
WRUVLQVFKL]RSKUHQLDDQGFOR]DSLQHUHVSRQVH1HXURVFL/HWW
<
126,LV$VVRFLDWHGZLWK6FKL]RSKUHQLDDQG$IIHFWV3UHIURQWDO
)XQFWLRQLQJ
$QGUHDV5HLI
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\6HFWLRQIRU&OLQLFDO
DQG0ROHFXODU3V\FKRELRORJ\8QLYHUVLW\RI:U]EXUJ*HUPDQ\
6DELQH+HUWHULFK$OH[6WUREHO$QQ&KULVWLQH(KOLV
&KULVWLDQ3-DFRE7KRPDV:LHQNHU$QGUHDV-)DOOJDWWHU
.ODXV3HWHU/HVFK
2EMHFWLYHV1LWULFR[LGH12LVDJDVHRXVQHXURWUDQVPLWWHUDQGWKRXJKWWR
SOD\ LPSRUWDQW UROHV LQ VHYHUDO EHKDYLRUDO GRPDLQV2Q D QHXURELRORJLFDO
OHYHO12DFWVDVWKHVHFRQGPHVVHQJHURIWKH10'$UHFHSWRUDQGLQWHUDFWV
ZLWKERWKWKHGRSDPLQHUJLFDVZHOODVWKHVHURWRQHUJLFV\VWHP7KXV12LVD
SURPLVLQJFDQGLGDWHPROHFXOHLQWKHSDWKRJHQHVLVRIHQGRJHQRXVSV\FKRVHV
DQGDSRWHQWLDOWDUJHWLQWKHLUWUHDWPHQW,QWHUHVWLQJO\WKHORFXVRIWKH12
SURGXFLQJHQ]\PH126,TUHSUHVHQWVDPDMRUOLQNDJHKRWVSRWIRU
VFKL]RSKUHQLFDQGELSRODUGLVRUGHUV
0HWKRGV 7R LQYHVWLJDWH ZKHWKHU 126, FRQYH\V WR WKH JHQHWLF ULVN IRU
WKRVH GLVHDVHV D126, KDSORW\SH FRQVLVWLQJ RI WKUHH QRQFRGLQJ H[RQLF
613V RQH IXQFWLRQDO SURPRWHU 613 DQG RQH SUHVXPDEO\ IXQFWLRQDO SUR
PRWHUUHSHDWSRO\PRUSKLVPZDVH[DPLQHGLQFKURQLFVFKL]RSKUHQLFDQG
ELSRODU,SDWLHQWVDQGFRPSDUHGWRFRQWUROV3UHIURQWDOIXQFWLRQLQJ
ZDVDVVHVVHGE\QHXURSV\FKRORJLFDOWHVWLQJWUDLOPDNLQJWHVWYHUEDOÀXHQF\
WHVW6WURRSWHVWDQGDQHOHFWURSK\VLRORJLFDO&RQWLQXRXV3HUIRUPDQFH7HVW
XVLQJD*R1R*RSDUDGLJPLQVFKL]RSKUHQLFSDWLHQWV
5HVXOWV2QHDVLQJOHDVVRFLDWLRQ OHYHO WKHSURPRWHU613ZDVDVVRFLDWHG
ZLWK VFKL]RSKUHQLD7KLVZDV FRQ¿UPHG LQ D KDSORW\SH DQDO\VLVZKHUH D
PLQLKDSORW\SH RI WKH WZR SURPRWHU SRO\PRUSKLVPV ZDV DVVRFLDWHG ZLWK
KHEHSKUHQLFVFKL]RSKUHQLDLQFOXVLRQRIWKHH[RQLF613VGLGQRW\LHOGDG
GLWLRQDOLQIRUPDWLRQ,QWHUHVWLQJO\VKRUWDOOHOHVRIWKHSURPRWHUUHSHDWZHUH
DVVRFLDWHGZLWKOHVVVHYHUHSV\FKRSDWKRORJ\0XWDWLRQDOVFUHHQLQJGLGQRW
UHYHDOQRYHOH[RQLFSRO\PRUSKLVPVLQSDWLHQWVDOVRVXJJHVWLQJWKDWUHJXOD
WRU\UDWKHUWKDQFRGLQJYDULDQWVFRQYH\WKHJHQHWLFULVNWRZDUGVSV\FKRVLV
)XUWKHUPRUH WKHSURPRWHUSRO\PRUSKLVPVEXWQRW WKHQRQFRGLQJH[RQLF
613VLPSDFWHGRQSUHIURQWDOIXQFWLRQLQJDVDVVHVVHGE\QHXURSV\FKRORJL
FDOWHVWLQJDQGWKHHOHFWURSK\VLRORJLFDOSDUDGLJP&RQWLQXRXV3HUIRUPDQFH
7HVW
&RQFOXVLRQV&ROOHFWLYHO\WKHVH¿QGLQJVVXJJHVWWKDWUHJXODWRU\SURPRWHU
SRO\PRUSKLVPVRI126, FRQWULEXWH WR WKHJHQHWLF ULVN IRU SV\FKRVLV DQG
PRGXODWHSUHIURQWDOEUDLQIXQFWLRQLQJWKHUHLQ
<
'RSDPLQHDQG1LWULF2[LGH,QWHUDFWLRQRQWKH0RGXODWLRQRI
3UHSXOVH,QKLELWLRQ
&ULVWLDQH6DOXP
8QLYHUVLW\RI6mR3DXOR%UD]LO
)UDQFLVFR6*XLPDUmHV0DUFXV/%UDQGmR(ODLQH$'HO%HO
2EMHFWLYHV &RQVLGHULQJ WKDW WKH QLWULF R[LGH±DUJLQLQH SDWKZD\ LV LQWL
PDWHO\ FRQQHFWHG WR WKH UHOHDVH RI GRSDPLQH '$ DQG JOXWDPDWH WZR
QHXURWUDQVPLWWHUV WKDW PD\ EH G\VIXQFWLRQDO LQ VFKL]RSKUHQLD RXU DLP
ZDV WR LQYHVWLJDWH WKH LQWHUDFWLRQ EHWZHHQ D QLWULF R[LGH V\QWKDVH LQKLEL
WRU1*±QLWUR±/±DUJLQLQH/12$5*DQGWKH'$DJRQLVWVDPSKHWDPLQH
$PSKDSRPRUSKLQH$SRDQGEURPRFULSWLQH%5&RQ WKHPRGXODWLRQ
RI WKHSUHSXOVH LQKLELWLRQ33,DVHQVRULPRWRUPRGHO WKDW LVGLVUXSWHG LQ
VFKL]RSKUHQLDSDWLHQWVDQGUDWVWUHDWHGZLWKFHUWDLQ'$DJRQLVWV
0HWKRGV0DOH:LVWDUUDWVZHUHUDQGRPO\GLYLGHGLQJURXSVWKDWUHFHLYHG
RQHLQMHFWLRQRI/12$5*RUVDOLQHDQGDQRWKHULQMHFWLRQRID'$DJRQLVW
RUYHKLFOH7KHLQMHFWLRQRI/12$5*RUVDOLQH>PJNJLS@ZDVJLYHQ
KEHIRUHWKHWHVW7HVWLQJEHJDQRUPLQDIWHUWUHDWPHQWZLWK$PSK
DQGPJNJLSPLQDIWHU$SRPJNJVFDQGPLQDIWHU%5&
PJNJLS33,WHVWFRQVLVWHGRISUHVHQWDWLRQVRIHDFKRISXOVH
G%RIZKLWHQRLVHPVSUHSXOVHG%RISXUHWRQH+]
PVDQGSUHSXOVHSXOVHPVLQWHUYDOEHWZHHQWKHP7KHSUHSXOVHSXOVH
VWDUWOH DPSOLWXGH ZDV H[SUHVVHG DV SHUFHQWDJH GHFUHDVH IURP SXOVHDORQH
VWDUWOHDPSOLWXGH33,
5HVXOWV 7KHUH ZDV D VLJQL¿FDQW /12$5*;$PSK LQWHUDFWLRQ IRU WKH
33, $PSK  PJNJ LQFUHDVHG 33, IURP LWV YHKLFOH RQO\ ZKHQ
SUHFHGHGE\/12$5*%RWKVWDUWOHUHVSRQVHWRSXOVHDQGSUHSXOVHSXOVH
ZHUH VLJQL¿FDQWO\ UHGXFHG DIWHU WKH FRPSRXQG WUHDWPHQW ZLWK $PSK 
RU PJNJ DQG/12$5*7KHUHZDV QR VLJQL¿FDQW/12$5*;$SR
LQWHUDFWLRQIRUWKH33,EXWRQO\DVLJQL¿FDQWGHFUHDVHRQWKH33,FDXVHG
E\$SR%5&DORQHH[KLELWHGDWHQGHQF\WRUHGXFHWKH33,+RZHYHUD
VLJQL¿FDQWUHGXFWLRQRIWKH33,ZDVRQO\IRXQGZKHQ%5&ZDVIROORZHG
E\/12$5*
&RQFOXVLRQV 2XU ¿QGLQJV VKRZ WKDW /12$5* IDFLOLWDWHG 33, RI UDWV
WUHDWHG ZLWK $PSK EXW SRWHQWLDWHG WKH 33,GLVUXSWLRQ FDXVHG E\ %5&
7KHVHUHVXOWVVXJJHVWWKDW12PD\KDYHFRPSOH[LQWHUDFWLRQVZLWK'$PH
GLDWHGHIIHFWVLQVHQVRULPRWRUJDWLQJDQGFRQVHTXHQWO\ZLWKVRPHV\PSWRPV
RIVFKL]RSKUHQLD
<
6HUXPL3/$,QFUHDVHDQG%UDLQ/LSLG$OWHUDWLRQV'LIIHUHQW
3URFHVVHVLQ6FKL]RSKUHQLD"
6WHIDQ6PHVQ\
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\RI-HQD*HUPDQ\
7LPP5RVEXUJ,QJR:LOOKDUGW6HEDVWLDQ.XQVWPDQQ
-UJHQ/DVFK+HLQULFK6DXHU
2EMHFWLYHV$OWHUDWLRQVRIFHUHEUDOSKRVSKROLSLGDQGKLJKHQHUJ\SKRVSKDWH
PHWDEROLVPLQVFKL]RSKUHQLDKDYHEHHQDPDWWHURIGLVFXVVLRQIRUPRUHWKDQ
¿IWHHQ\HDUV,QYLYREUDLQ3KRVSKRUXVPDJQHWLFUHVRQDQFHVSHFWURVFRS\
3056VWXGLHVZHUHVXJJHVWLYHIRU LQFUHDVHGPHPEUDQH WXUQRYHUDQG
UHGXFHGHQHUJ\FRQVXPSWLRQLQIURQWDOEUDLQUHJLRQV,QFUHDVHGDFWLYLW\RI
FDOFLXPLQGHSHQGHQWSKRVSKROLSDVH$L3/$LQEORRGVHUXPRIVFKL]R
SKUHQLDSDWLHQWVZDVGLVFXVVHGDVSHULSKHUDOPDUNHURIFHUHEUDOPHWDEROLF
FKDQJHV
0HWKRGV 3056 ' &KHPLFDO 6KLIW ,PDJLQJ ZDV SHUIRUPHG RQ 
VFKL]RSKUHQLF SDWLHQWV  QHXUROHSWLF QDwY  QHXUROHSWLF IUHH DQG DJH
JHQGHUDQGHGXFDWLRQPDWFKHGKHDOWK\FRQWUROV6HUXPL3/$DFWLYLW\ZDV
PHDVXUHGLQSDWLHQWVDQGFRQWUROVXVLQJDÀXRURPHWULFDVVD\
5HVXOWV 3KRVSKROLSLG PHWDEROLWHV ZHUH JHQHUDOO\ UHGXFHG LQ SDWLHQWV DV
FRPSDUHG WR FRQWUROV SKRVSKRPRQRHVWHUV LQ ELIURQWDO DQG ULJKW WHPSRUDO
UHJLRQV EDVDO JDQJOLD EUDLQVWHP DQG FHUHEHOOXP SKRVSKRGLHVWHUV LQ WKH
ELODWHUDO IURQWDO FRUWH[ DQG EDVDO JDQJOLD ,Q WHUPV RI KLJK HQHUJ\ SKRV
SKDWHVSKRVSKRFUHDWLQHZDVUHGXFHGLQIURQWDODQG WHPSRUDOEUDLQUHJLRQV
RIVFKL]RSKUHQLDSDWLHQWV$GHQRVLQHWULSKRVSKDWHZDVUHGXFHGLQWKHULJKW
IURQWDO EXW LQFUHDVHG LQ WKH OHIW WHPSRUDO FRUWLFDO DUHD*HQHUDOO\ L3/$
DFWLYLW\ZDV VLJQL¿FDQWO\ LQFUHDVHG LQSDWLHQWV+RZHYHU HQ]\PHDFWLYLW\
LQEORRGVHUXPZDVQRWFRUUHODWHGZLWKFHUHEUDOOLSLGPHWDEROLWHVEXWZDV
VLJQL¿FDQWO\FRUUHODWHGZLWKWHPSRUDODGHQRVLQHWULSKRVSKDWHYDOXHV
9OUNG¬3CIENTISTS¬!WARD¬3ESSIONS

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
&RQFOXVLRQV 2XU UHVXOWV VXSSRUW WKH QRWLRQ RI DOWHUHG SKRVSKROLSLG DQG
HQHUJ\PHWDEROLVP LQ IURQWDO DQG WHPSRUDO EUDLQ DUHDV RI SDWLHQWV VXIIHU
LQJ IURPVFKL]RSKUHQLD7KH\ZHUHQRW VXJJHVWLYH IRUDGLUHFWDVVRFLDWLRQ
EHWZHHQ FHUHEUDO SKRVSKROLSLG DOWHUDWLRQV DQG FKDQJHV RI L3/$ DFWLYLW\
REVHUYDEOHLQEORRGVHUXP7KHUHIRUHLQFUHDVHGVHUXPL3/$DFWLYLW\DQG
FHUHEUDO SKRVSKROLSLG DOWHUDWLRQVPD\ UHÀHFW GLIIHUHQW SDWKRSK\VLRORJLFDO
SURFHVVHV ,QWHUDFWLRQV EHWZHHQ L3/$ DFWLYLW\ DQG FHUHEUDO KLJK HQHUJ\
SKRVSKDWHPHWDEROLVPQHHGIXUWKHULQYHVWLJDWLRQ
<
$%LRSV\FKRVRFLDO/RRNDW0HWDEROLF,OOQHVVLQ6FKL]RSKUHQLD
6XQ<RXQJ<XP
(DVW2UDQJH9HWHUDQV¶$IIDLUV0HGLFDO&HQWHU86$
0LFKDHO+ZDQJ6XQ.\RXQJ<XP
2EMHFWLYHV,QFUHDVHGPHWDEROLFPRUELGLWLHVKDYHEHHQUHSRUWHGLQSDWLHQWV
ZLWKVFKL]RSKUHQLDUHFHLYLQJDW\SLFDODQWLSV\FKRWLF WUHDWPHQW'HVSLWHKRW
UHVHDUFK WKH UHDVRQ IRU VXFK DVVRFLDWLRQV UHPDLQV DQ HQLJPD7KLV VWXG\
DLPVWRVHDUFKIRUWKHFDXVHVLQSRVVLEOHLQWHUPHGLDWHIDFWRUVVXFKDVHDWLQJ
EHKDYLRUVQXWULHQWSUHIHUHQFHVH[HUFLVHSDWWHUQVSV\FKRSDWKRORJ\LQFOXG
LQJDQKHGRQLD
0HWKRGV$VDORQJLWXGLQDOREVHUYDWLRQVWXG\RIPHWDEROLFSUR¿OHVLQVFKL]
RSKUHQLDZH KDYH WKXV IDU UHFUXLWHG  FOLQLFDOO\ VWDEOHZHOOHVWDEOLVKHG
PDOHSDWLHQWVZLWKVFKL]RSKUHQLDIURPDQXUEDQRXWSDWLHQWFOLQLF0HGLFD
WLRQDQGPHWDEROLFSUR¿OHVZHUHREWDLQHGIURPFKDUWUHYLHZ3V\FKRORJLFDO
SUR¿OHV ZHUH FRPSLOHG IURP 7)(4 3$6 %$6,6 ,3$4 %0$& DQG
IRRGSUHIHUHQFHVXUYH\0DQQ:KLWQH\DQGFKLVTXDUHWHVWVZHUHSHUIRUPHG
XVLQJ6366:LQIRUFRQWLQXRXVDQGFDWHJRULFDOYDULDEOHVUHVSHFWLYHO\
WR FRPSDUH WKH PHGLFDWLRQ JURXSV &RUUHODWLRQV EHWZHHQ YDULDEOHV ZHUH
DVVHVVHGXVLQJ6SHDUPDQUKR
5HVXOWV7KHUHZDVJUHDWHUSUHYDOHQFHRIGLDEHWHVS DQGRYHUZHLJKW
REHVLW\S LQSDWLHQWVRQDW\SLFDODQWLSV\FKRWLFV7KHUHZDVQRVLJ
QL¿FDQW GLIIHUHQFH LQ GLDEHWHV SUHYDOHQFH EORRG SUHVVXUHV OLSLG SUR¿OHV
EHWZHHQ WKH PHGLFDWLRQ JURXSV LQ QRUPDO ZHLJKW SDWLHQWV ,Q QRQREHVH
SDWLHQWVJUHDWHUPDFURQXWULHQWSUHIHUHQFHVIRUIDWS DQGIDWSURWHLQ
S PL[WXUHVZHUHREVHUYHGLQWKRVHUHFHLYLQJDW\SLFDOV$VDZKROH
DFWLYH SDWLHQWV KDG PRUH FRJQLWLYH UHVWULFWLRQ RQ IRRG LQWDNH S 
ORZHUKXQJHUVHQVDWLRQVS DQGOHVVXQFRQWUROOHGHDWLQJS 
'LVLQKLELWHGHDWLQJZDVDVVRFLDWHGZLWKLPSXOVLYLW\SDQGSV\FKRVLV
S ,QREHVHSDWLHQWVRQW\SLFDOPHGLFDWLRQVWULJO\FHULGHOHYHOVFRU
UHODWHG ZLWK FDUERK\GUDWHIDW SUHIHUHQFH S  ZKLFK ZDV DVVRFLDWHG
ZLWKGHSUHVVLRQDQ[LHW\S DQGUHODWLRQVKLSGLI¿FXOWLHVS ,Q
QRUPDOZHLJKWSDWLHQWVWULJO\FHULGHOHYHOVZHUHDVVRFLDWHGZLWKGLVKLQKLE
LWHGHDWLQJS *UHDWHUERG\LPDJHSUHRFFXSDWLRQVZHUHDVVRFLDWHG
ZLWKJUHDWHUFRJQLWLYHUHVWULFWLRQRQIRRGLQWDNHLQRYHUZHLJKWSDWLHQWVRQ
DW\SLFDOPHGVS 7KHUHZDVJUHDWHUH[HUFLVHUHODWHGSK\VLFDODQKH
GRQLDLQREHVHSDWLHQWVRQDW\SLFDODQWLSV\FKRWLFVS 
&RQFOXVLRQV$OWKRXJKDQWLSV\FKRWLFPHGLFDWLRQVDSSHDUWRDIIHFWPHWDERO
LFKRPHRVWDVLVYLDYDULRXVFKHPLFDOSDWKZD\VZHVXJJHVWDSDUDGLJPVKLIW
LQORRNLQJDWPHWDEROLFFRPRUELGLWLHVLQVFKL]RSKUHQLDWRDELRSV\FKRVRFLDO
SHUVSHFWLYHWRLQFOXGHFKDUDFWHULVWLFSV\FKRSDWKRORJ\DQGFRPSOH[EHKDY
LRUDOIDFWRUV:KLOHWKHYDULHW\RIV\PSWRPVPDNHVSUHGLFWLRQVXQFHUWDLQLW
LVWKHUHFRJQLWLRQRIVXFKYDULDELOLW\WKDWZLOODOORZXVWRH[SORUHSRVVLEOH
LQWHUYHQWLRQIRULQGLYLGXDOSDWLHQWV
<
3V\FKRWLF'LVRUGHUV,,
<
)XQFWLRQDO,PDJLQJLQ(DUO\3V\FKRVLV$QI05,6WXG\RI
3URGURPDODQG)LUVW(SLVRGH6XEMHFWVRQ0RYHPHQWDQGRYHU
9HUEDO)OXHQF\7DVNV
0DWWKHZ5%URRPH
8.
30DWWKLDVVRQ;&KLWQLV03LFFKLRQL-%:RROOH\
/9DOPDJJLD/&-RKQV37DEUDKDP(%UDPRQ3.0F*XLUH
¿UVWHSLVRGH )(SDWLHQWVPHHWLQJ'60,9FULWHULD IRU VFKL]RSKUHQLD
VFKL]RSKUHQLIRUPSV\FKRVLVZHUH FRPSDUHGZLWK VXEMHFWVPHHWLQJ FUL
WHULDIRUWKHDWULVNPHQWDOVWDWH$506DQGZLWKFRQWUROV$OOVXEMHFWV
ZHUHPDWFKHGIRUVH[DJHHWKQLFLW\DQG,47KH¿UVWHSLVRGHSDWLHQWVZHUH
UHFUXLWHGIURPWKH/DPEHWK(DUO\2QVHWVHUYLFH/(2DQGWKH$506VXE
MHFWVIURPWKH2XWUHDFKDQG6XSSRUWLQ6RXWK/RQGRQ2$6,6WHDP±ERWK
RIZKLFKDUHSDUWRIWKH6RXWK/RQGRQDQG0DXGVOH\1+67UXVW
'DWDDFTXLVLWLRQDQGWKH%2/'UHVSRQVHZDVH[DPLQHGXVLQJD705,
VFDQQHU DW WKH0DXGVOH\+RVSLWDO/RQGRQ DQG WKHGDWDZDV DQDO\VHGYLD
;%$0BYDQRQSDUDPHWULFPHWKRGRORJ\,Q WKHVFDQQHUVXEMHFWVSHU
IRUPHGDUDQGRPFXHGPRWRUWDVNYHUEDOÀXHQF\DVZHOODVKDYLQJH[WHQVLYH
DVVHVVPHQWRISV\FKRSDWKRORJ\DQGH[HFXWLYHIXQFWLRQRXWVLGHWKHVFDQQHU
%HKDYLRXUDOGDWDZDVUHFRUGHGGXULQJWKHWDVNDQGGLIIHUHQFHVLQSHUIRUP
DQFHVZHUHFRQWUROOHGIRULQWKHI05,GDWDDQDO\VLV
,QERWKYHUEDODQGPRWRUWDVNVDOOJURXSVDFWLYDWHGWKHVDPHDUHDZKHQ
SHUIRUPLQJ WKH WDVNV +RZHYHU WKH GHJUHH RI DFWLYDWLRQ ZDV GLIIHUHQW LQ
HDFK )XUWKHU WKHUH ZDV D VLJQL¿FDQW OLQHDU UHODWLRQVKLS EHWZHHQ WKH 
JURXSV¶DFWLYDWLRQVLQWKHVHWDVNVZLWKWKHFRQWUROJURXSDFWLYDWLQJWKHPRVW
WKHQWKH$506VXEMHFWVDQG¿QDOO\WKH)(VXEMHFWVOHDVWRIDOO
&RQFOXVLRQVDFWLYDWLRQRIDUHDVRIWKHEUDLQFRUUHODWHGZLWKSHUIRUPDQFHRI
ERWKPRWRUYHUEDO WDVNVGLIIHUVEHWZHHQFRQWUROVDWULVNDQG¿UVWHSLVRGH
VXEMHFWV$506VXEMHFWVZKRDUHSUHSV\FKRWLFKDYHLQWHUPHGLDWHDFWLYD
WLRQLQFRPSDULVRQWRPDWFKHGFRQWURODQG)(3VXEMHFWV
<
.\QXUHQDWH7RQLFDOO\0RGXODWHV0LGEUDLQ'RSDPLQH1HXURQV
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KDYH VKRZQ WKDW EUDLQ .<1$ FRQFHQWUDWLRQ LV HOHYDWHG LQ VFKL]RSKUHQLF
SDWLHQWV)XUWKHUPRUHDUHFHQWVWXG\GHPRQVWUDWHVWKDWWKHF\FORR[\JHQDVH
&2;  LQKLELWRU FHOHFR[LE GLVSOD\ DQWLSV\FKRWLF HIIHFWVZLWK UHJDUG WR
ERWK SRVLWLYH DQG QHJDWLYH V\PSWRPV ZKHQ DGGHG WR WUDGLWLRQDO DQWLSV\
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&RUUHODWLYH$QDO\VLVRI1RUDGUHQDOLQH6SLOORYHU3RZHU
6SHFWUDO$QDO\VLVRI+HDUW5DWH9DULDELOLW\DQG3V\FKRORJLFDO
9DULDEOHV
0DUOLHV($OYDUHQJD
0RQDVK8QLYHUVLW\DQG%DNHU+HDUW5HVHDUFK,QVWLWXWH$XVWUDOLD
-HII5LFKDUGV*DYLQ/DPEHUW0XUUD\'(VOHU
2EMHFWLYHV7KLVVWXG\WHVWHGIRUHYLGHQFHRIWKHK\SRWKHVLVHGOLQNEHWZHHQ
SDQLF DQ[LHW\ DQG WKH RQVHW RI KHDUW GLVHDVH ,W H[DPLQHG ELRFKHPLFDO
PHDVXUHPHQWVRIV\PSDWKHWLFQHUYRXVV\VWHP616IXQFWLRQWRDVVHVVWKH
IXQFWLRQDOLQWHJULW\RIWKHFDUGLDFV\PSDWKHWLFQHUYHVLQSDQLFGLVRUGHU3'
$VZHOO KHDUW UDWH YDULDELOLW\ +59 DQDO\VHVZHUH FRQGXFWHG WR IXUWKHU
TXDQWLI\V\PSDWKHWLFDFWLYLW\DQGWKHDFWLYLW\RIWKHYDJXVQHUYHLQWKHKHDUW
%LRORJLFDODQGSV\FKRORJLFDOYDULDEOHVZHUHH[DPLQHGLQDUHVWLQJVWDWHWR
SURYLGHDSLFWXUHRIRQJRLQJ616DFWLYLW\LQSHRSOHZLWK3'
0HWKRGV 1LQHWHHQ SHRSOH ZLWK 3' DQG  KHDOWK\ YROXQWHHUV SURYLGHG
PHDVXUHVRIDGUHQDOLQHDQGQRUDGUHQDOLQHSODVPDFOHDUDQFHDQGWUDQVFDUGLDF
IUDFWLRQDOH[WUDFWLRQRISODVPDWULWLDWHGQRUDGUHQDOLQHDQGDGUHQDOLQHDOORI
ZKLFKDUHSULPDULO\GHWHUPLQHGE\WKHFDSDFLW\IRUFDWKHFKRODPLQHXSWDNH
E\WKHQHXURQDOQRUDGUHQDOLQHWUDQVSRUWHU7ZHQW\SDUWLFLSDQWVZLWK3'DQG
KHDOWK\YROXQWHHUVSURYLGHG+59PHDVXUHVRQO\3DUWLFLSDQWVZLWK3'
FRPSOHWHGPHDVXUHVRIDQ[LHW\VHQVLWLYLW\VWDWHDQGWUDLWDQJHUGHSUHVVLRQ
VWUHVVDQGDQ[LHW\
5HVXOWV$GUHQDOLQHDQGQRUDGUHQDOLQHH[WUDFWLRQDQGFOHDUDQFHUDWHVDFURVV
WKHKHDUWZHUHVLJQL¿FDQWO\ORZHULQ3'WKDQLQQRUPDOVSRLQWLQJWRDGHIHFW
RI WKHQRUDGUHQDOLQH WUDQVSRUWHU LQ WKHFDUGLDF V\PSDWKHWLFQHUYHV2I WKH
SV\FKRORJLFDOYDULDEOHVLQKLELWLRQRIDQJHUZDVUHODWHGWRDGH¿FLWLQSODVPD
FOHDUDQFHRIFDWHFKRODPLQHVDQGDQ[LHW\VHQVLWLYLW\ZDVUHODWHGWRLQFUHDVHG
V\PSDWKHWLF¿ULQJLQWKHKHDUWRISHRSOHZLWK3'$OWKRXJK+59ZDVXQUH
ODWHGWRELRFKHPLFDOLQGLFHVRI616IXQFWLRQLQJKLJKIUHTXHQF\KHDUWUDWH
VSHFWUDOSRZHUZDVVLJQL¿FDQWO\ORZHULQ3'WKDQLQKHDOWK\YROXQWHHUV
&RQFOXVLRQV$GH¿FLWLQWKHQHXURQDOUHXSWDNHPHFKDQLVPRIQRUDGUHQDOLQH
LQSHRSOHZLWK3'E\VHQVLWLVLQJ WKHKHDUW WRV\PSDWKHWLFQHUYHVWUHVVRUV
UHVSRQVHVPLJKW LQGLFDWHDELRFKHPLFDOEDVLVIRU LQFUHDVHGFDUGLDFV\PS
WRPDWRORJ\DQGSHUKDSVIRULQFUHDVHGPRUELGLW\DQGPRUWDOLW\LQ3'
<
&ODVVLILFDWLRQRI6DPSOHVRI%LSRODU$IIHFWLYH'LVRUGHU
$SSO\LQJ&RPSXWHU0RGHOLQJ
5DYHHVK%HYLQDKDOOL1DQMHJRZGD
-660HGLFDO&ROOHJHDQG+RVSLWDO0\VRUH,QGLD
6DQMD\3DQGH
&RPSXWDWLRQDO PRGHOV SURYLGH D EHWWHU PHDQV RI PRGHOLQJ FRPSOH[
V\VWHPV%LRFKHPLFDO VWXGLHV KDYH KDG WKHPRVW SURIRXQG LPSDFW RQ XQ
GHUVWDQGLQJDQGPDQDJHPHQWRIQHXURSV\FKLDWULFGLVRUGHU)RUELRFKHPLFDO
VWXG\WREHPHDQLQJIXOWKHUHPXVWEHDKLJKGHJUHHRIVHQVLWLYLW\VSHFL¿FLW\
DQGDVWURQJFRUUHODWLRQZLWKWKHFOLQLFDOSLFWXUHLVQHFHVVDU\WRHQVXUHWKDW
ELRFKHPLFDODEQRUPDOLWLHVUHÀHFW WKHFOLQLFDO¿QGLQJV7RDUULYHDWDJRRG
DOJRULWKPLFDSSURDFK IRU DQDO\VLVZHQHHG WRGHVLJQ WKHNQRZOHGJHEDVH
DQGHQVXUHDFFXUDF\LQWKHFODVVL¿FDWLRQRIGDWDVDPSOHV&UHDWLRQRIDUHIHU
HQFHNQRZOHGJHEDVH.%LPSOLHVFRQVROLGDWLQJDKXJHGDWDEDVHRIFRQWURO
WUDLQLQJVHWLQWRNQRZOHGJHSDUDPHWHUVZKLFKSURYLGHPHDQLQJIXODQGXVH
IXOFRPSUHKHQVLRQIRUODWHUDQDO\VLV7KHSUREOHPRIDVVLJQLQJDWHVWVDPSOH
LQWRRQHRI WKH WZRFODVVHVDVKHDOWK\RUXQKHDOWK\GHPDQGV WKHFUHDWLRQ
RI D UHIHUHQFH NQRZOHGJH EDVH RI RQO\ KHDOWK\ VDPSOHV LQ WKH FRQWH[W RI
%LSRODU'LVRUGHU,WVKRXOGEHXQGHUVWRRGWKDWDUHIHUHQFHEDVHZLOOFRQWDLQ
WKH UHOHYDQW NQRZOHGJH VXPPDULHVPLQHG IURPQRUPDO  FRQWURO VDPSOHV
VLQFHWKHUHIHUHQFHEDVHIRUYDULRXVYDULHWLHVRIDEQRUPDOLWLHVFDQQHLWKHUEH
FUHDWHGQRUZLOOLWEHDIHDVLEOHDSSURDFK,QWKLVVHQVHLWLVDVSHFL¿FFDVHRI
NQRZOHGJHPLQLQJIURPWKHGDWDEDVHVRIQRUPDOVDPSOHVSDUWLFXODUO\LQWKH
FRQWH[WWRWKHGLVRUGHU
<
,VLW6OHHS'HSULYDWLRQ8VH)XOOLQWKH7UHDWPHQWRI5HVLVWDQW
%LSRODU'HSUHVVLRQ"
0DUD&LJDOD)XOJRVL
,VWLWXWR6FLHQWL¿FR8QLYHUVLWDULR2VSHGDOH6DQ5DIIDHOH'HSW
1HXURSV\FKLDWULF6FLHQFHV0LODQR,WDO\
$GULDQD3RQWLJJLD$OHVVDQGUR%HUQDVFRQL6DUD'DOODVSH]LD
&ULVWLQD&RORPER%DUEDUD%DUELQL)UDQFHVFR%HQHGHWWL
2EMHFWLYHV$WOHDVWRISDWLHQWVWUHDWHGIRUGHSUHVVLRQGRQRWUHVSRQG
WRWKHLQLWLDOWULDORIDQWLGHSUHVVDQWPHGLFDWLRQDQGDWOHDVWDQKDOIRIWKLVSHU
FHQWDJHRISDWLHQWVGRQRWUHVSRQGVDWLVIDFWRULO\WRVHYHUDOWUDGLWLRQDODQWLGH
SUHVVDQWPHGLFDWLRQWUHDWPHQWWULDOV&URZQHWDO7UHDWPHQWUHVLVWDQW
GHSUHVVLRQLVWKHQFRVWO\DQGDVVRFLDWHGZLWKH[WHQVLYHXVHRIGHSUHVVLRQUH
ODWHGDQGJHQHUDOPHGLFDOVHUYLFHV&URZQHWDO$JURZLQJQXPEHU
RIFOLQLFDOVWXGLHVVXSSRUWVWKHXVHIXOQHVVRIFKURQRELRORJLFDOLQWHUYHQWLRQV
VXFKDVWRWDOVOHHSGHSULYDWLRQ76'DQGOLJKWWKHUDS\/7LQWKHWUHDWPHQW
RIELSRODUGHSUHVVLRQ9HU\OLWWOHLVNQRZQDERXWWKHXVHIXOQHVVRI76'LQWKH
WUHDWPHQWRIUHVLVWDQWELSRODUGHSUHVVLRQ7KHVHFRQVLGHUDWLRQVSURPSWXVWR
LQYHVWLJDWHWKHDQWLGHSUHVVDQWHIIHFW76'DQGOLJKWWKHUDS\LQWUHDWPHQWUH
VLVWDQWELSRODUSDWLHQWVDQGWRGH¿QHWKHHIIHFWRIOLWKLXPVDOWVLQVXVWDLQLQJ
WKHWKHLUDFXWHDQWLGHSUHVVDQWHIIHFWDQGLQSUHYHQWLQJUHODSVHV
0HWKRGV7KH VDPSOH LQFOXGHGSDWLHQWV FRQVHFXWLYHO\ DGPLWWHG WR RXU
5HVHDUFK&HQWUHIRU0RRG'LVRUGHUPDMRUGHSUHVVLYHHSLVRGHZLWKRXWSV\
FKRWLFIHDWXUHVLQ%LSRODU'LVRUGHU7KHVDPSOHKDVEHHQGLYLGHGLQWRWKUHH
JURXSVRQWKHEDVLVRIWKHOHYHOVRIWUHDWPHQWUHVLVWDQFH:HXVHG7KDVHDQG
5XVKFULWHULDRIUHVLVWDQFH*URXSZDVFRPSRVHGE\SDWLHQWVQRW
WUHDWPHQWUHVLVWDQW*URXSZDVFRPSRVHGE\SDWLHQWVEHORQJLQJWR6WDJH
,*URXSZDVFRPSRVHGE\SDWLHQWVZKRVDWLVI\FULWHULDIRU6WDJH,,,,,,9
DQG9$OOSDWLHQWVZHUHDGPLQLVWHUHGWKUHHFRQVHFXWLYH76'7RWDOH6OHHS
'HSULYDWLRQF\FOHVDVVRFLDWHGWRPLQRIOLJKWWKHUDS\/7
5HVXOWV7R HYDOXDWH WKH HIIHFW RI WKH WUHDWPHQWZH DQDO\]HG FKDQJHV LQ
9$6VFRUHVRYHUWLPHZLWKUHVSHFWWRWKHEDVHOLQH7KHGDWDZHUHDQDO\]HG
ZLWKDWZRZD\UHSHDWHGPHDVXUHVDQDO\VLVRIYDULDQFHZLWKWLPHDQGWUHDW
PHQWUHVLVWDQFHDVLQGHSHQGHQWIDFWRUV5HVXOWVVKRZHGDQKLJKO\VLJQL¿FDQW
HIIHFWRIWLPH) S DVLJQL¿FDQWHIIHFWRIUHVLVWDQFH) 
S  DQG D QRQ VLJQL¿FDQW HIIHFW RI WLPH [ UHVLVWDQFH LQWHUDFWLRQ$
IROORZ XS LQYHVWLJDWLRQ ZDV SHUIRUPHG EHWZHHQ WKH WKUHH JURXSV RQO\
UHVSRQGHUSDWLHQWVDQGZHIRXQGDVLJQL¿FDQWGLIIHUHQFHEHWZHHQUHVLVWDQW
DQGQRQUHVLVWDQWSDWLHQWVXUYLYDODQDO\VLVFR[PRGHO
&RQFOXVLRQV 2XU UHVXOW VXJJHVW WKDW 76' LV XVHIXOO LQ WKH WUHDWPHQW RI
UHVLVWDQWGHSUHVVLRQDQGVKRXOGEHWDNHLQDFFRXQWEHIRUHXVHUHSHWLWLYHWUDQ
VFUDQLDOPDJQHWLFVWLPXODWLRQU706RUHOHFWURFRQYXOVLYHWKHUDS\(&7
<
'5'&,QV'HO3RO\PRUSKLVPLQ%LSRODU'LVRUGHU
0RQLND'PLWU]DN:HJODU]
8QLYHUVLW\RI0HGLFDO6FLHQFHV3R]QDQ3RODQG
$QQD/HV]F]\QVND5RG]HZLF]$JQLHV]ND6ORSLHQ3LRWU&]HUVNL
-RDQQD+DXVHU
2EMHFWLYHV 6HYHUDO OLQHV RI HYLGHQFH SRLQW WR WKH LQYROYHPHQW RI WKH
GRSDPLQHUJLF V\VWHP LQELSRODUGLVRUGHU7KH IXQFWLRQDOO\ UHOHYDQW &
,QV'HOSRO\PRUSKLVP ORFDWHGXSVWUHDP WR H[RQ LQ WKHµUHJLRQRI WKH
GRSDPLQH'UHFHSWRU'5'JHQHPLJKWEHDQLQWHUHVWLQJFDQGLGDWHYDUL
DQW7KHSUHVHQWVWXG\LQYHVWLJDWHGSRVVLEOHJHQHWLFDVVRFLDWLRQEHWZHHQWKLV
SRO\PRUSKLVPDQGELSRODUGLVRUGHU
0HWKRGV:HVWXGLHGLQGLYLGXDOVIHPDOHQ PDOHQ ZLWKD
9OUNG¬3CIENTISTS¬!WARD¬3ESSIONS

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
GLDJQRVLVRIELSRODUGLVRUGHU%3W\SH,Q DQG,,Q DFFRUGLQJWR
'60,9DQG,&'FULWHULDDQGFRQWUROVXEMHFWVIHPDOHQ PDOH
Q  ,Q IXUWKHU DQDO\VHV VSHFL¿F VXEJURXSV RI SDWLHQWVZHUH LQFOXGHG
PDMRUGHSUHVVLRQZLWKDW\SLFDOIHDWXUHVQ PDMRUGHSUHVVLRQZLWKPHO
DQFKROLFIHDWXUHVQ ELSRODUGLVRUGHUZLWKSV\FKRWLFV\PSWRPVQ 
DQGHDUO\DJHRIRQVHWQ 7KHDQDO\VLVRI&,QV'HOSRO\PRUSKLVP
RI '5' JHQH ZDV SHUIRUPHG E\ 3&55)/3PHWKRG ,QIRUPHG FRQVHQW
IURPLQGLYLGXDOVSDUWLFLSDWLQJLQWKHVWXG\ZDVREWDLQHG7KH3HDUVRQ¶VȤ
7HVW DQG WKH)LVKHU¶V([DFW7HVWZHUH DSSOLHG WR DVVHVV WKHGLIIHUHQFHV LQ
WKHJHQRW\SHDQGDOOHOHGLVWULEXWLRQ&DOFXODWLRQVZHUHSHUIRUPHGZLWKWKH
XVHRIWKHVWDWLVWLFDOSDFNDJH6366YHUVLRQ7ZRWDLOHGW\SH,HUURUUDWH
RI ZDV FKRVHQ IRU WKH DQDO\VHV 3RZHU DQDO\VLVZDV SHUIRUPHG XVLQJ
RQOLQH FDOFXODWRU KWWSFDOFXODWRUVVWDWXFODHGX SURYLGHG E\ WKH 8&/$
'HSDUWPHQWRI6WDWLVWLFV
5HVXOWV )RU WKH '5' SRO\PRUSKLVP WKHUH ZDV QR VWDWLVWLFDOO\ VLJ
QL¿FDQWGLIIHUHQFHVLQWKHIUHTXHQF\RIWKHJHQRW\SHVS DQGDOOHOHV
S EHWZHHQWKHJURXSRISDWLHQWVDQGFRQWUROV7KHUHZHUHQRVWDWLVWL
FDOO\VLJQL¿FDQWGLIIHUHQFHVLQWKHIUHTXHQF\RIWKHJHQRW\SHVDQGDOOHOHVLQ
VXEJURXSV RI ELSRODU GLVRUGHU:H REVHUYHG DVVRFLDWLRQ EHWZHHQ'HO'HO
JHQRW\SH RI '5' SRO\PRUSKLVPV DQG PDMRU GHSUHVVLRQ ZLWK DW\SLFDO
IHDWXUHVJHQRW\SHVS DOOHOHVS 
&RQFOXVLRQV,QRXUVWXG\ZHGLGQRW¿QGWKHDVVRFLDWLRQEHWZHHQWKHSRO\
PRUSKLVPV RI'5'JHQH DQG ELSRODU GLVRUGHU7KH JHQRW\SH DQG DOOHOLF
DVVRFLDWLRQRI'5'JHQHDQGPDMRUGHSUHVVLRQZLWKDW\SLFDOIHDWXUHVPD\
EHWKHREMHFWRIIXUWKHUVWXG\DQGVKRXOGEHFRQ¿UPHGRQWKHODUJHUJURXS
5HIHUHQFHV
&XVLQ&DWDO$VVRFLDWLRQVWXG\RI0$2$&207+7$'5'
DQG'5'SRO\PRUSKLVPVZLWKLOOQHVVWLPHFRXUVHLQPRRGGLVRUGHUV$P
-0HG*HQHW
0DVVDW,DWDO3RVLWLYHDVVRFLDWLRQRIGRSDPLQH'UHFHSWRUSRO\PRU
SKLVPZLWKELSRODUDIIHFWLYHGLVRUGHULQD(XURSHDQ0XOWLFHQWHU$VVRFLDWLRQ
6WXG\RIDIIHFWLYHGLVRUGHUV$P-0HG*HQHW
,'
<
'HFUHDVHG6XSHUR[LGH'LVPXWDVH$FWLYLW\LQ6FKL]RSKUHQLF
3DWLHQWVZLWK+LJK1HXURORJLFDO6RIW6LJQV6FRUHV
/HLOD*DVVDE
5HVHDUFK8QLWLQ0HQWDO+HDOWK853V\FKLDWU\6HUY
LFH8QLYHUVLW\+RVSLWDORI0RQDVWLU7XQLVLD
$QZDU0HFKUL+HOD6ODPD$EGHOKDPLG.HUNHQL/RW¿*DKD
&KLUD])HQGUL
'LVWXUEDQFHVRIR[LGDWLYHVWUHVVZRXOGEHLQYROYHGLQVHYHUDOQHXURGHJHQ
HUDWLYH SDWKRORJLHV VXFK DV $O]KHLPHU DQG 3DUNLQVRQ GLVHDVHV 7KH UROH
RI R[LGDWLYH VWUHVV LQ VFKL]RSKUHQLD KDV ZLWQHVVHG DQ LQFUHDVLQJ LQWHUHVW
%HVLGHVGLIIXVHDQGQRQVSHFL¿FQHXURORJLFDODEQRUPDOLWLHVZHUHUHSRUWHG
LQVFKL]RSKUHQLFSDWLHQWV&RUUHODWLRQEHWZHHQR[LGDWLYHVWUHVVDQGQHXUR
ORJLFDODEQRUPDOLWLHVKDVQRWEHHQVWXGLHG
2EMHFWLYHV7RH[DPLQHWKHFRUUHODWLRQEHWZHHQDQWLR[LGDQWHQ]\PHDFWLYLW\
DQGQHXURORJLFDOVRIWVLJQVVFRUHVLQVFKL]RSKUHQLFSDWLHQWVVDPSOH
0HWKRGV VFKL]RSKUHQLFSDWLHQWV PHQDQGZRPHQPHDQDJH 
\HDUVDQGFRQWUROVXEMHFWVPHQDQGZRPHQPHDQDJH
   \HDUVZHUH UHFUXLWHG 6FKL]RSKUHQLF SDWLHQWVZHUH FOLQLFDOO\
DVVHVVHGXVLQJWKH3$166(*)DQG&*,1HXURORJLFDODEQRUPDOLWLHVZHUH
DVVHVVHGLQWZRJURXSVE\DVWDQGDUGLVHGQHXURORJLFDOH[DPLQDWLRQRI1HX
URORJLFDO6RIW6LJQ166.UHEVHWDOZKLFKFRPSULVHV¿YHIDFWRUV
PRWRU FRRUGLQDWLRQ PRWRU LQWHJUDWLRQ VHQVRU\ LQWHJUDWLRQ LQYROXQWDU\
PRYHPHQWV DQG TXDOLW\ RI ODWHUDOL]DWLRQ 7KH ELRORJLFDO DVVHVVPHQW ZDV
DFKLHYHG RQ IDVWLQJ SDWLHQWV DQG ZLWK D SHULRG RI WREDFFR DEVWLQHQFH ,W
FRQVLVWHG LQ GRVDJH E\ VSHFWURSKRWRPHWHU RI WKH HU\WKURF\WH DQWLR[LGDQW
HQ]\PHV DFWLYLW\ 6XSHUR[LGH 'LVPXWDVH 62' *OXWDWKLRQH 3HUR[LGDVH
*6+3[DQG&DWDODVH&$7
5HVXOWV$FWLYLWLHVRIDOO HQ]\PHVVWXGLHG62'*6+3[DQG&$7ZHUH
ORZHU LQ WKH VFKL]RSKUHQLF JURXS FRPSDUHG WR FRQWURO JURXS S
$OVRWKHJURXSRIVFKL]RSKUHQLFSDWLHQWVVKRZHGDKLJKHU166WRWDOVFRUH
HVSHFLDOO\IRUPRWRUFRRUGLQDWLRQPRWRUDQGVHQVRU\LQWHJUDWLRQVXEVFRUHV
S$QHJDWLYHFRUUHODWLRQZDVREVHUYHGEHWZHHQ62'DFWLYLW\DQG
166 WRWDO VFRUH U S PRWRUFRRUGLQDWLRQVXEVFRUH U 
S DQGPRWRULQWHJUDWLRQVXEVFRUHU S 
&RQFOXVLRQVFRUUHODWLRQEHWZHHQORZ62'DFWLYLW\DVDPDUNHURIR[LGD
WLYHVWUHVVDQGQHXURORJLFDODEQRUPDOLWLHVLQVFKL]RSKUHQLFSDWLHQWVVXJJHVW
DFRPPRQSDWKRSK\VLRORJLFDOSURFHVVRIWKHVHDQRPDOLHV+RUURELQ
6WUHVVR[LGDWLYHGLVWXUEDQFHVPLJKWEHWKHELRFKHPLFDOEDVLVRIWKHQHXURGH
YHORSPHQWDOK\SRWKHVLVRIVFKL]RSKUHQLD
5HIHUHQFHV
.UHEV02*XW)D\DQG$%RXUGHO0&'LVFKDPS-2OLH-39DOLGD
WLRQDQGIDFWRULDOVWUXFWXUHRIDVWDQGDUGLVHGQHXURORJLFDOH[DPLQDWLRQDV
VHVVLQJQHXURORJLFDOVRIWVLJQVLQVFKL]RSKUHQLD6FKL]RSKU5HV
+RUURELQ ') 7KH PHPEUDQH SKRVSKROLSLGV K\SRWKHVLV DV D ELRFKHPLFDO
EDVLV IRU WKHQHXURGHYHOSPHQWDOFRQFHSWRIVFKL]RSKUHQLD6FKL]RSKU5HV

<
6HURWRQLQ7UDQVSRUWHU*HQH$QDO\VLVLQ5XVVLDQ6XLFLGH
$WWHPSWHUV
'DULD*D\VLQD
,QVWLWXWHRI%LRFKHPLVWU\DQG*HQHWLFV5XVVLD
$LJXO=D\QXOOLQD(YJHQ\-XUMHY5DLO*DEGXOKDWRY
(O]D.KXVQXWGLQRYD
2EMHFWLYHV*HQHWLFDOO\PHGLDWHGDOWHUDWLRQV LQVHURWRQLQ+7WUDQVPLV
VLRQ KDYH EHHQ LPSOLFDWHG LQ VXLFLGDO EHKDYLRU %HFDXVH +7 WUDQVSRUWHU
SOD\VDFHQWUDOUROHLQWKHUHJXODWLRQRI+7V\QDSWLFIXQFWLRQWKHVHURWRQLQ
WUDQVSRUWHUJHQH6/&$UHSUHVHQWVDQLQWHUHVWLQJFDQGLGDWHIRUDVVRFLD
WLRQVWXGLHVLQVXLFLGDOEHKDYLRU
0HWKRGV$ WRWDO RI  VXLFLGH DWWHPSWHUV PDOHV  IHPDOHVPHDQ
DJH6' ZHUH LQFOXGHG LQ WKLV VWXG\7KH FRQWURO JURXS LQ
FOXGHGLQGLYLGXDOVPDOHVIHPDOHVPHDQDJH6'
ZLWKRXW D SHUVRQDOIDPLO\ KLVWRU\RI DQ\SV\FKLDWULF GLVRUGHUV7ZRSRO\
PRUSKLVPVLQWKH6/&$JHQH±WKH+77/35LQWKHSURPRWHUUHJLRQ
DQG9175LQWKHVHFRQGLQWURQZHUHDQDO\]HGXVLQJ3&5WHFKQLTXH
5HVXOWV 7KH VLJQL¿FDQW GLIIHUHQFHV LQ WKH +77/35 DOOHOH S   
DQG JHQRW\SH S    IUHTXHQFLHV ZHUH UHYHDOHG EHWZHHQ VXLFLGH DQG
FRQWUROJURXSVIRUIHPDOHVEXWQRWPDOHV7KHLQFUHDVHRIWKH//JHQRW\SH
IUHTXHQF\ZDVREVHUYHGLQIHPDOHVXLFLGHJURXSYVLQFRQWUROV
S 25 &,7KLVJHQRW\SHZDVPRUHIUHTXHQWLQ
VXLFLGHIHPDOHVDWWKHDJH YVLQFRQWUROVS 25 
&,7KHIUHTXHQF\RIWKHJHQRW\SHRIWKH9175
SRO\PRUSKLVPZDVDOVR VLJQL¿FDQWO\KLJKHU LQ VXLFLGDOJURXS WKDQ WKDW LQ
FRQWUROVIRUIHPDOHVRQO\YVLQFRQWUROVS 25 
&,
0D[LPXP OLNHOLKRRG DQDO\VLV RI KDSORW\SH GLVWULEXWLRQ GHPRQVWUDWHG WKH
SUHVHQFHRIOLQNDJHGLVHTXLOLEULXPEHWZHHQWKHWZRSRO\PRUSKLVPVLQFRQ
WUROVXEMHFWVIHPDOHVȤ SPDOHVȤ S
LQ VXLFLGHDWWHPSWHUV IHPDOHVȤ S  PDOHVȤ S
   LQ WKHRYHUDOO VDPSOHV IHPDOHVȤ S PDOHVȤ
   S $QDO\VLV RI GLVWULEXWLRQ RI WKH HVWLPDWHG KDSORW\SH
IUHTXHQFLHVUHYHDOHGDVLJQL¿FDQWGLIIHUHQFHEHWZHHQVXLFLGHDWWHPSWHUVDQG
FRQWUROVXEMHFWVLQIHPDOHVRQO\Ȥ GI S 7KHKDSORW\SH
6KDVORZHUIUHTXHQF\LQIHPDOHVXLFLGHJURXSȤ GI S 
25 &, 
&RQFOXVLRQV2XU¿QGLQJVLQGLFDWHWKHFRQWULEXWLRQRIWKH6/&$JHQHWR
VXVFHSWLELOLW\IRUVXLFLGDOEHKDYLRXULQ5XVVLDQIHPDOHVEXWQRWPDOHV
5HIHUHQFHV0DQQ-- 7KHQHXURELRORJ\RIVXLFLGH1DWXUH0HG

3XUVHOOH'&1HPHURII&%6HURWRQLQ WUDQVSRUWHUDSRWHQWLDO VXE
VWUDWHLQWKHELRORJ\RIVXLFLGH1HXURSV\FKRSKDUPDFRORJ\
<
5LVN7HVWIRU(DWLQJ'LVRUGHUV9DOLGDWLRQLQ<RXQJ3RSXODWLRQ
3DWULFLD*LRVXq
'HSDUWPHQWRI([SHULPHQWDO0HGLFLQH8QLYHUVLW\RI/¶$TXLOD
,WDO\
5RQFRQH5&DVDFFKLD0
2EMHFWLYHV8VH WKH VFDOH RI HDWLQJ DWWLWXGHV VKRXOG KHOS KHDOWKV¶ SURIHV
VLRQDOV WR LGHQWLI\VXEMHFWVDW ULVN IRUHDWLQJGLVWXUEDQFHVDQGSURYLGH WKH
RSSRUWXQLW\IRU LQWHUYHQWLRQ$LPRI WKHSUHVHQWVWXG\ZDVWRHYDOXDWH WKH
SV\FKRPHWULF SURSHUWLHV RI WKH ,WDOLDQ YHUVLRQ RI WKH ³5LVN7HVW´ 57 D
9OUNG¬3CIENTISTS¬!WARD¬3ESSIONS

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
LWHPTXHVWLRQQDLUH DVVHVVLQJ WKH ULVN IRU HDWLQJGLVRUGHUV LQREHVHDQG
\RXQJKHDOWK\VXEMHFW
0HWKRGV 7KH57 VHHPV WR EH RI JRRG LQWHUHVW EHFDXVH RI LWV VKRUWQHVV
HDV\DGPLQLVWUDWLRQDQGUDWLQJDQGFRXOGEHXVHIXOLQFOLQLFDOSUDFWLFHDQG
UHVHDUFK 7KH TXHVWLRQQDLUH ZDV DGPLQLVWHUHG WR  VXEMHFWV  PDOHV
DQG IHPDOHVPHDQVDJH VG ZHUHREHVHRXWSDWLHQWV
IHPDOHDIIHFWHGE\(DWLQJ'LVRUGHUV(''60,9$3$KHDOWK\
VXEMHFWVPDOHVDQGIHPDOHVPHDQVDJHVG ,QRXUVWXG\
(',ZDVDGPLQLVWHUHGWRDOOVXEMHFWVDQG%RG\0DVV,QGH[%0,ZDVDOVR
FDOFXODWHG
:HSHUIRUPDFRUUHODWLRQDQDO\VLVEHWZHHQ(',DQG5LVN7HVWVFRUHVLQWKH
WRWDO VDPSOH LQ REHVH JURXS LQ VXEMHFWZLWK('DQG LQ KHDOWK\ FRQWUROV
$129$ZDV FDOFXODWHG LQ RUGHU WR HYDOXDWH GLIIHUHQFHV LQ (', EHWZHHQ
VXEMHFWVZLWK³/RZULVN´SRVLWLYHVUHVSRQVHVDQGZLWK³+LJKULVN´!
SRVLWLYHVUHVSRQVHVFDOFXODWHGZLWK57
5HVXOWV ,Q KHDOWK\ FRQWURO GLIIHUHQFHV EHWZHHQ KLJK DQG ORZ ULVN LQ WKH
(', VXEVFDOHV %'7 , DQG%' DQG LQ(', WRWDO VFRUHZHUH IRXQG DQG
D VWDWLVWLFDOO\ VLJQL¿FDQW FRUUHODWLRQ HPHUJHGEHWZHHQ WRWDO VFRUHV LQ(',
DQG³ELQJHSXUJHHDWLQJ´LWHPV>LWHPU SLWHPU 
S LWHP  U  S LWHP  U  S LWHP 
U S@DQGWRWDOVFRUHRI57U S
&RQFOXVLRQV 7KH 57 LV D JRRG VFUHHQLQJ VFDOH IRU ELQJHSXUJH HDWLQJ
EHKDYRLXUVLQ\RXQJDGXOWV7KH57ZDVZHOODFFHSWHGE\WKHSDWLHQWVDQG
UHTXLUHGDYHU\OLWWOHVXSHUYLVLRQE\WKHSURIHVVLRQDOV2XUGDWDVXJJHVWWKH
LPSRUWDQFHRIHYDOXDWLRQDQGVFUHHQLQJRIVXEMHFWVZLWK('LQPHGLFDOVHW
WLQJV7KH DVVHVVPHQW RI SHUVRQDO FKDUDFWHULVWLFV DQG (' ULVN EHKDYLRXUV
DUHVWDUWLQJSRLQWIRUSODQQLQJSURMHFWVIRFXVLQJRQSULPDU\DQGVHFRQGDU\
SUHYHQWLRQ
<
3UHIURQWDO'\VIXQFWLRQLQ6FKL]RSKUHQLD5HYHDOHGE\
)XQFWLRQDO1,56
3DWULFLD*LRVXq
'HSDUWPHQWRI([SHULPHQWDO0HGLFLQH8QLYHUVLW\RI/¶$TXLOD
,WDO\
5LWD5RQFRQH0DVVLPR&DVDFFKLD0DUFR)HUUDUL
9DOHQWLQD4XDUHVLPD
2EMHFWLYHV&RQVLGHULQJWKHVHYHUDODGYDQWDJHVRIIXQFWLRQDOQHDULQIUDUHG
VSHFWURVFRS\ I1,56 LQ VFKL]RSKUHQLD FRJQLWLYH VWXGLHV RYHU IXQFWLRQDO
PDJQHWLFUHVRQDQFHLPDJLQJDQGSRVLWURQHPLVVLRQWRPRJUDSK\ZHDLPHG
DW DVVHVVLQJ ELODWHUDO SUHIURQWDO FRUWLFDO R[\JHQDWLRQ UHVSRQVH WR WKH YHU
EDOÀXHQF\ WDVN 9)7 LQ VFKL]RSKUHQLD SDWLHQWV  DQG FRQWUROV :H
K\SRWKHVL]HGWKDWSDWLHQWVZRXOGKDYHDSUHIURQWDOFRUWH[XQGHUDFWLYDWLRQ
ZLWKUHVSHFWWRFRQWUROV
0HWKRGV)RUI1,56PHDVXUHPHQWVWKHIRXUZDYHOHQJWK1,52R[LPH
WHU+DPDPDWVX3KRWRQLFV-DSDQHTXLSSHGZLWKFKDQQHOVZDVHPSOR\HG
7KHPLQ9)7FRQVLVWHGLQJHQHUDWLQJDVPDQ\ZRUGVDVSRVVLEOHEHJLQ
QLQJZLWKHDFKRIWKHDFRXVWLFDOO\SUHVHQWHGOHWWHUV
5HVXOWV'XULQJ9)7FRQWUROVDQGSDWLHQWVDFKLHYHGDQDYHUDJHRI
DQG  FRUUHFW UHVSRQVHV 3  $ FRQVLVWHQW LQFUHDVH LQ
R[\KHPRJORELQ 2+E DFFRPSDQLHG E\ D VPDOOHU GHFUHDVH LQ GHR[\KH
PRJORELQ++EZDVREVHUYHGLQERWKKHPLVSKHUHVRYHUWKHWDVNSHULRGLQ
ERWKJURXSV)XUWKHUPRUHWKHPD[LPDOUHVSRQVHRI2+EDQG++EWR9)7
ZDVXQDIIHFWHGE\WKHKHPLVSKHUH&RPSDULQJWKHR[\JHQDWLRQHYHQWUHODWHG
UHVSRQVH LQERWKJURXSV D VLJQL¿FDQWGLIIHUHQFHZDV IRXQG ,Q SDUWLFXODU
LQERWKSUHIURQWDO VLGHV WKHPD[LPDO LQFUHDVHRI2+EZDV IRXQGKLJKHU
LQ WKH FRQWUROV WKDQ LQ SDWLHQWV ULJKW DQG OHIW KHPLVSKHUH 3  DQG
3 UHVSHFWLYHO\7KHPD[LPDOGHFUHDVHRI++EZDVIRXQGKLJKHULQ
FRQWUROVWKDQLQSDWLHQWVULJKWDQGOHIWKHPLVSKHUH3 DQG3 
UHVSHFWLYHO\
&RQFOXVLRQV7KHVH UHVXOWV VXJJHVW WKDW I1,56PLJKW EH H[WHQVLYHO\ HP
SOR\HGWRHYDOXDWHQRQLQYDVLYHO\³K\SRIURQWDOLW\´ LQSV\FKLDWULFSDWLHQWV
DQG WR H[SODLQ QHXUDO FLUFXLWU\ DEQRUPDOLWLHV WKDW PD\ FKDQJH RYHU WKH
FRXUVH RI WKH LOOQHVV E\SKDUPDFRORJLFDO WUHDWPHQW DQGRU FRJQLWLYH UHKD
ELOLWDWLRQ
<
6HURWRQLQ$5HFHSWRU*HQH7&3RO\PRUSKLVPDQG
%LSRODU'LVRUGHU
3DZHO.DSHOVNL
8QLYHUVLW\RI0HGLFDO6FLHQFHV3R]QDQ3RODQG
3LRWU&]HUVNL$QQD/HV]F]\QVND5RG]HZLF]
0RQLND'PLWU]DN:HJODU]-RDQQD+DXVHU
2EMHFWLYHV 7KH VHURWRQLQ QHXURWUDQVPLWWHU KDV EHHQ DVVRFLDWHG ZLWK WKH
SDWKRJHQHVLV RIPRRGGLVRUGHUV 6HURWRQLQ UHFHSWRUV JHQHVPD\ WKHUHIRUH
EHFDQGLGDWHJHQHVIRUWKHVWXG\RIWKHJHQHWLFVRIWKHVHGLVRUGHUV7KHJHQH
WKDWHQFRGHVWKHVHURWRQLQ$UHFHSWRU+7$KDVEHHQORFDOL]HGWRFKUR
PRVRPHTT:HH[DPLQHGDVLOHQWSRO\PRUSKLVP±7&VXEVWLWXWLRQ
DWSRVLWLRQUHVXOWVLQWZRDOOHOHVDOOHOH7DOOHOH&7KHSUHVHQW
VWXG\LQYHVWLJDWHGSRVVLEOHJHQHWLFDVVRFLDWLRQEHWZHHQWKLVSRO\PRUSKLVP
DQGELSRODUGLVRUGHU
0HWKRGV:HVWXGLHGIHPDOHQ PDOHQ LQGLYLGXDOVZLWKD
GLDJQRVLVRIELSRODUGLVRUGHU%3W\SH,Q DQG,,Q DFFRUGLQJ
WR'60 ,9 DQG ,&' FULWHULD DQG  FRQWURO VXEMHFWV IHPDOH Q 
PDOH Q  6WXG\ JURXSZDV GLYLGHG LQWR VXEJURXSVPDMRU GHSUHVVLRQ
ZLWKDW\SLFDO IHDWXUHV Q PDMRUGHSUHVVLRQZLWKPHODQFKROLF IHDWXUHV
Q ELSRODUGLVRUGHUZLWKSV\FKRWLFV\PSWRPVQ DQGHDUO\DJH
RI RQVHW Q 7KH DQDO\VLV RI ±7&SRO\PRUSKLVPRI +7$JHQH
ZDVSHUIRUPHGE\3&59175PHWKRG,QIRUPHGFRQVHQWIURPLQGLYLGXDOV
SDUWLFLSDWLQJLQWKHVWXG\ZDVREWDLQHG
7KH3HDUVRQ¶VȤ7HVWZDVDSSOLHGWRDVVHVVWKHGLIIHUHQFHVLQWKHJHQRW\SH
GLVWULEXWLRQDQGWKH)LVKHU¶V([DFW7HVW IRUDOOHOHV&DOFXODWLRQVZHUHSHU
IRUPHGZLWKWKHXVHRIWKHVWDWLVWLFDOSDFNDJH6366YHUVLRQ7ZRWDLOHG
W\SH,HUURUUDWHRIZDVFKRVHQIRUWKHDQDO\VHV3RZHUDQDO\VLVZDVSHU
IRUPHGXVLQJRQOLQHFDOFXODWRUKWWSFDOFXODWRUVVWDWXFODHGXSURYLGHGE\
WKH8&/$'HSDUWPHQWRI6WDWLVWLFV
5HVXOWV )RU WKH +7$ SRO\PRUSKLVP WKHUH ZDV QR VWDWLVWLFDOO\ VLJ
QL¿FDQWGLIIHUHQFHVLQWKHIUHTXHQF\RIWKHJHQRW\SHVS DQGDOOHOHV
S EHWZHHQWKHJURXSRISDWLHQWVDQGFRQWUROV7KHUHZHUHQRVWDWLVWL
FDOO\VLJQL¿FDQWGLIIHUHQFHVLQWKHIUHTXHQF\RIWKHJHQRW\SHVDQGDOOHOHVLQ
VXEJURXSVYVFRQWUROV
&RQFOXVLRQV,QRXUVWXG\ZHGLGQRW¿QGWKHDVVRFLDWLRQEHWZHHQWKHSRO\
PRUSKLVPRI+7$JHQHDQGELSRODUGLVRUGHULQ3ROLVKSRSXODWLRQ
<
%UDLQ05,:KLWH0DWWHU+\SHULQWHQVLWLHV&DUGLRYDVFXODU
5LVN)DFWRUVDQG2QH&DUERQ&\FOH0HWDEROLVPLQ
'HSUHVVLRQ
*HRUJH,3DSDNRVWDV
7KH'HSUHVVLRQ&OLQLFDODQG5HVHDUFK3URJUDP0DVVDFKXVHWWV
*HQHUDO+RVSLWDO+DUYDUG0HGLFDO6FKRRO%RVWRQ0DVVDFKX
VHWWV86$
'DQ9,RVLIHVFX3HUU\)5HQVKDZ0DXUL]LR)DYD
2EMHFWLYHV7RLQYHVWLJDWHWKHUHODWLYHLPSDFWRIEUDLQZKLWHPDWWHUK\SHULQ
WHQVLWLHV:0+FDUGLRYDVFXODUULVNIDFWRUVDQGHOHPHQWVRIWKHRQHFDUERQ
F\FOHPHWDEROLVPLQFOXGLQJVHUXPIRODWHYLWDPLQ%DQGKRPRF\VWHLQH
OHYHOVRQWKHRXWFRPHRIDQWLGHSUHVVDQW WUHDWPHQW LQQRQHOGHUO\VXEMHFWV
ZLWKPDMRUGHSUHVVLYHGLVRUGHU0''
0HWKRGVVXEMHFWVPHHWLQJ'60,,,5FULWHULDIRUPDMRUGHSUHVVLYHGLV
RUGHUZHUHDGPLQLVWHUHGEUDLQPDJQHWLFUHVRQDQFHLPDJLQJ05,VFDQVDW
7WRGHWHFW7ZKLWHPDWWHUK\SHULQWHQVLWLHV7KHVHYHULW\RIEUDLQZKLWH
PDWWHUK\SHULQWHQVLWLHVZDVFODVVL¿HGZLWKWKH)D]HNDVVFDOHUDQJH 
:HDVVHVVHGFDUGLRYDVFXODUULVNIDFWRUV LQDOO0''VXEMHFWVDJHJHQGHU
VPRNLQJGLDEHWHVIDPLO\KLVWRU\K\SHUWHQVLRQFKROHVWHURO0''SDWLHQWV
DOVR KDG VHUXP IRODWH YLWDPLQ % DQG KRPRF\VWHLQH OHYHOV PHDVXUHG
$OO0''VXEMHFWV UHFHLYHG WUHDWPHQWZLWKÀXR[HWLQHPJGD\IRUHLJKW
ZHHNV
5HVXOWV ,Q D ORJLVWLF UHJUHVVLRQ WKH VHYHULW\ RI VXEFRUWLFDOZKLWHPDWWHU
OHVLRQVDQGK\SRIRODWHPLDZHUH LQGHSHQGHQWSUHGLFWRUVRI ODFNRI FOLQLFDO
UHVSRQVH +$0'UHGXFWLRQZLWKDQWLGHSUHVVDQW WUHDWPHQW6HSD
UDWHO\K\SRIRODWHPLDDOVRSUHGLFWHG ODFNRI UHPLVVLRQ ¿QDO+$0'
DIWHUDQWLGHSUHVVDQWWUHDWPHQW7KHVHDVVRFLDWLRQVZHUHLQGHSHQGHQWRIWKH
SUHVHQFHRIVPRNLQJGLDEHWHVIDPLO\KLVWRU\K\SHUFKROHVWHUROHPLDK\SHU
KRPRF\VWHLQHPLDDQGORZ%OHYHOV
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
&RQFOXVLRQV 6XEFRUWLFDO EUDLQ ZKLWH PDWWHU K\SHULQWHQVLWLHV DQG K\SR
IRODWHPLD DSSHDU WR KDYH LQGHSHQGHQW QHJDWLYH LPSDFW RQ WKH RXWFRPHRI
665,DQWLGHSUHVVDQWWUHDWPHQWLQQRQJHULDWULFVXEMHFWVZLWK0''
5HIHUHQFHV
3DSDNRVWDV*,3HWHUVHQ70LVFKRXORQ'5\DQ-/1LHUHQEHUJ$$%RW
WLJOLHUL75RVHQEDXP-)$OSHUW -()DYD06HUXP)RODWH9LWDPLQ%
DQG+RPRF\VWHLQHLQ0DMRU'HSUHVVLYH'LVRUGHU3DUW3UHGLFWRUVRI&OLQL
FDO5HVSRQVH LQ)OXR[HWLQH5HVLVWDQW'HSUHVVLRQ-&OLQ3V\FKLDWU\

3DSDNRVWDV*,3HWHUVHQ70LVFKRXORQ'*UHHQ&+1LHUHQEHUJ$$%RW
WLJOLHUL75RVHQEDXP-)$OSHUW-()DYD06HUXP)RODWH9LWDPLQ%DQG
+RPRF\VWHLQHLQ0DMRU'HSUHVVLYH'LVRUGHU3DUW3UHGLFWRUVRI5HODSVH
GXULQJWKH&RQWLQXDWLRQ3KDVHRI3KDUPDFRWKHUDS\-&OLQ3V\FKLDWU\

<
1HXUDO&RUUHODWHVRI)LJXUDWLYH/DQJXDJH3URFHVVLQJLQ
6FKL]RSKUHQLD
$OH[DQGHU05DSS
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\RI7XHELQJHQ7XHELQJHQ
*HUPDQ\6HFWLRQIRUH[SHULPHQWDO05RIWKH&168QLYHUVLW\RI
7XHELQJHQ7XHELQJHQ*HUPDQ\
'7/HXEH0(UE0%DUWHOV:*URGG77.LUFKHU
$PDLQIHDWXUHRIVFKL]RSKUHQLFWKRXJKWDQGODQJXDJHGLVWXUEDQFHLVFRQ
FUHWLVPWKHLQDELOLW\WRXQGHUVWDQGWKH¿JXUDWLYHPHDQLQJRISURYHUEVDQG
PHWDSKRUV$OWKRXJK WKLV LV URXWLQHO\ WHVWHG GXULQJ FOLQLFDO LQWHUYLHZ LWV
QHXUDOEDVLVLVXQNQRZQ
:H LQYHVWLJDWHG SURFHVVLQJ RI PHWDSKRULF VHQWHQFHV XVLQJ HYHQWUHODWHG
IXQFWLRQDOPDJQHWLF UHVRQDQFH LPDJLQJ I05, LQ '60,9 GLDJQRVHG
SDWLHQWV ZLWK VFKL]RSKUHQLD DQG  FRQWURO VXEMHFWV 6WLPXOL FRQVLVWHG RI
 QRYHO VKRUW VHQWHQFH SDLUV ZLWK HLWKHU PHWDSKRULF RU OLWHUDO PHDQLQJ
SUHVHQWHGYLVXDOO\LQWHUVSDUVHGE\DORZOHYHOEDVHOLQHJUH\EDFNJURXQG
7KHVHQWHQFHSDLUVGLIIHUHGRQO\ LQ WKHLU ODVWRQH WR WKUHHZRUGVDQGZHUH
PDWFKHGIRUV\QWD[VWUXFWXUHZRUGIUHTXHQF\FRQQRWDWLRQDQGWHQVH6XE
MHFWVUHDGWKHVHVHQWHQFHVVLOHQWO\DQGMXGJHGE\EXWWRQSUHVVZKHWKHUWKH\
KDGDSRVLWLYHRUQHJDWLYHFRQQRWDWLRQ
5HDGLQJPHWDSKRUVLQFRQWUDVWWROLWHUDOVHQWHQFHVUHYHDOHGVLJQDOFKDQJHV
LQ WKHOHIW LQIHULRUIURQWDOJ\UXV LQ WKHFRQWUROVXEMHFWV%$DQGDQ
DUHDFPGRUVDOWRWKDWLQWKHSDWLHQWV%$%2/'UHVSRQVHLQWKLVEUDLQ
DUHDVKRZHGDQHJDWLYHFRUUHODWLRQZLWKVHYHULW\RIFRQFUHWLVPUDWHGZLWKWKH
3$1666WDWLVWLFDOFRPSDULVRQEHWZHHQJURXSVIRU WKHFRQWUDVWPHWDSKRUV
YVORZOHYHOEDVHOLQHUHYHDOHGVWURQJHUVLJQDOFKDQJHVLQWKHFRQWUROJURXS
LQ WKH ULJKW VXSHULRUPLGGOH WHPSRUDO J\UXV %$  DQG WKH OHIW LQIHULRU
IURQWDOJ\UXV%$LQWKHSDWLHQWV
7KHUHVXOWVLQWKHFRQWUROVXEMHFWVDUHLQOLQHZLWKRWKHUIXQFWLRQDOLPDJLQJ
VWXGLHVVKRZLQJDQLQYROYHPHQWRIWKHOHIWLQIHULRUIURQWDODQGULJKWODWHUDO
WHPSRUDOFRUWH[LQLQWHJUDWLQJVHQWHQFHPHDQLQJVDQGLQSDUWLFXODUVHPDQWLF
LQIHUHQFLQJ SURFHVVHV GXULQJ WKH XQGHUVWDQGLQJ RI DPHWDSKRU )DLOXUH WR
UHFUXLWWKHVHDUHDVLQWKHSDWLHQWVPD\EHWKHXQGHUO\LQJSDWKRPHFKDQLVPRI
VFKL]RSKUHQLFFRQFUHWLVP
<
'LXUQDO9DULDWLRQRI6XLFLGHLQ5HODWLRQWR6H[DQG0HWKRG$
3RSXODWLRQ%DVHG6WXG\
8GR5HXOEDFK
)ULHGULFK$OH[DQGHU8QLYHUVLW\RI(UODQJHQ1XUHPEHUJ'HSDUW
PHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\*HUPDQ\
7HUHVD%LHUPDQQ:ROIJDQJ6SHUOLQJ6WHIDQ%OHLFK
-RKDQQHV.RUQKXEHU
2EMHFWLYHV$VWKHSUREOHPRIWLPHGLVWULEXWLRQRIVXLFLGHKDVDURXVHGWKH
LQWHUHVWRIPDQ\DXWKRUVDSRSXODWLRQEDVHGVWXG\RQWKHKRXUGLVWULEX
WLRQRIWKHRFFXUUHQFHRIVXLFLGHUHJDUGLQJVH[DQGWKHFKRVHQPHWKRGZDV
FRQGXFWHG
0HWKRGV7KHVWXG\LQFOXGHGDOOUHVLGHQWVRI0LGGOH)UDQFRQLDZKRGLHG
EHWZHHQDQGZKRVHGHDWKZDVFODVVL¿HGDVVXLFLGHE\WKHGHDWK
FHUWL¿FDWH DQG SROLFH LQYHVWLJDWLRQV )URP D SRSXODWLRQEDVHG VDPSOH RI
VXLFLGHVZHUHLQFOXGHG7KHWLPHRIVXLFLGHZDVFDWHJRULVHGLQWR
LQFUHPHQWVRIRQHKRXUZLWKUHJDUGWRVH[UDQGWKHFKRVHQPHWKRGZKLFK
ZDVGLFKRWRPL]HGLQWR³YLROHQW´DQG³QRQYLROHQW´
5HVXOWV$VLJQL¿FDQWFLUFDGLDQYDULDWLRQZDVIRXQGIRUWKHZKROHSRSXOD
WLRQȤ GI SZKLFKZDVIRXQGERWKLQZRPHQȤ 
GI SDVZHOODVLQPHQȤ GI S6LJQL¿FDQW
VH[GLIIHUHQFHVLQWKHRFFXUUHQFHRIVXLFLGHȤ GI SFRXOG
EH REVHUYHG$IWHU GLFKRWRPL]DWLRQ UHJDUGLQJ WKH FKRVHQPHWKRG WKH RF
FXUUHQFHRIVXLFLGHFRPPLWWHGE\PHDQVRIDYLROHQWPHWKRGVHHPHGWREH
UDWKHUHTXDOO\GLVWULEXWHGZLWKDGURSEHWZHHQDQGDPZKHUHDV
WKHRFFXUUHQFHRIVXLFLGHWKURXJKDQRQYLROHQWPHWKRGVHHPHGWREHGLVWULE
XWHGLQVLPLODULW\WRDFLUFDGLDQUK\WKP
&RQFOXVLRQV$EHWWHUXQGHUVWDQGLQJRIWKHWLPLQJRIVXLFLGHWKHUHE\JDLQ
LQJKLQWVDWLWVQHXURELRORJ\PLJKWKHOSWRGHWHFWDWULVNSRSXODWLRQVDQGWR
GHYHORSEHWWHUWUHDWPHQWLQWHUYHQWLRQV
5HIHUHQFHV
0DOGRQDGR*.UDXV-)9DULDWLRQLQVXLFLGHRFFXUUHQFHE\WLPHRI
GD\GD\RIWKHZHHNPRQWKDQGOXQDUSKDVH6XLFLGH/LIH7KUHDW%HKDY

*DOOHUDQL0$YDWR)0'DO0RQWH'&DUDFFLROR6)HUVLQL&0DQIUHGLQL
57KHWLPHIRUVXLFLGH3V\FKRO0HG
.DPDOL02TXHQGR0$0DQQ--8QGHUVWDQGLQJWKHQHXURELRORJ\
RIVXLFLGDOEHKDYLRXU'HSUHVVLRQDQG$Q[LHW\
/HVWHU'7KH&RQFHQWUDWLRQRI1HXURWUDQVPLWWHU0HWDEROLWHVLQWKH
&HUHEURVSLQDO )OXLG RI 6XLFLGDO ,QGLYLGXDOV D 0HWD$QDO\VLV 3KDUPD
FRSV\FKLDW
<
%'1)9DO0HWDQG&73RO\PRUSKLVPVLQ%LSRODU
'LVRUGHU
0DULD6NLELQVND
8QLYHUVLW\RI0HGLFDO6FLHQFHV3R]QDQ3RODQG
$QQD/HV]F]\QVND5RG]LHZLF]$OHNVDQGUD6]F]HSDQNLHZLF]
$JQLHV]ND6ORSLHQ-RDQQD+DXVHU
2EMHFWLYHV %UDLQGHULYHG QHXURWURSKLF IDFWRU %'1) LQÀXHQFHV QHXURQ
GLIIHUHQWLDWLRQ LQ GHYHORSPHQW DV ZHOO DV V\QDSWLF SODVWLFLW\ DQG QHXURQ
VXUYLYDOLQDGXOWKRRG%'1)9DO0HWSRO\PRUSKLVPKDVEHHQLPSOLFDWHG
LQ WKH SDWKRJHQHVLV RI ELSRODU GLVRUGHU ([SUHVVLRQ RI %'1)PLJKW EH D
GRZQVWUHDPWDUJHWRIDQWLGHSUHVVDQWWUHDWPHQW
0HWKRGV 7KH VWXG\ RI 9DO0HW SRO\PRUSKLVP ZDV SHUIRUPHG RQ 
SDWLHQWVZLWKELSRODUGLVRUGHU %3 W\SH, Q DQG,, Q DQG
FRQWUROVXEMHFWVPDOHVIHPDOHV
7KHVWXG\RI &7SRO\PRUSKLVPZDVSHUIRUPHGRQSDWLHQWVZLWK
ELSRODUGLVRUGHUW\SH,Q DQG,,Q DQGFRQWUROVXEMHFWV
PDOHV  IHPDOHV 3DWLHQWV ZHUH GLDJQRVHG DFFRUGLQJ WR '60,9 DQG
,&'FULWHULD%LSRODUJURXSZDVGLYLGHGLQWRVXEJURXSVPDMRUGHSUHVVLRQ
ZLWKDW\SLFDOIHDWXUHVPDMRUGHSUHVVLRQZLWKPHODQFKROLFIHDWXUHVELSRODU
GLVRUGHUZLWKSV\FKRWLFV\PSWRPVHDUO\DJHRIRQVHW%RWKSRO\PRUSKLVPV
RI%'1)ZHUHDQDO\VHGE\3&55)/3PHWKRG,QIRUPHGFRQVHQWIURPLQ
GLYLGXDOVSDUWLFLSDWLQJLQWKHVWXG\ZDVREWDLQHG7KH3HDUVRQ¶VȤWHVWDQG
)LVKHU¶VH[DFW WHVWZHUHDSSOLHG WR WHVWGLIIHUHQFHVEHWZHHQJHQRW\SLFDQG
DOOHOLFUHVSHFWLYHO\GLVWULEXWLRQEHWZHHQSDWLHQWVDQGFRQWUROV
5HVXOWV&RPSDULQJ WKH JURXS RI ELSRODU DIIHFWLYH SDWLHQWV WR WKH FRQWURO
VXEMHFWVIRUERWKSRO\PRUSKLVPVZHGLGQRW¿QGGLIIHUHQFHVLQWKHJHQRW\SH
DQGDOOHOHGLVWULEXWLRQGLYLGLQJWKHJURXSVDFFRUGLQJWRJHQGHUZHDOVRGLG
QRW¿QGDQ\GLIIHUHQFHHLWKHUIRUPDOHVRUIRUIHPDOHV7KHUHZHUHQRVWDWLV
WLFDOO\VLJQL¿FDQWGLIIHUHQFHVLQWKHIUHTXHQF\RIWKHJHQRW\SHVDQGDOOHOHV
LQ%3 VXEJURXSV&RPSDULQJ JHQRW\SH IUHTXHQFLHV EHWZHHQ SDWLHQWVZLWK
HDUO\DJHRIRQVHWDQGFRQWUROVZHKDYHIRXQGVWURQJWUHQGWRZDUGV0HW0HW
JHQRW\SHS 
&RPSDULQJJHQRW\SHIUHTXHQFLHVEHWZHHQSDWLHQWVZLWKHDUO\DJHRIRQVHW
DQGFRQWUROVZHKDYHIRXQGWUHQGWRZDUGV&7JHQRW\SHS 
&RQFOXVLRQV,QRXUVWXG\ZHGLGQRWFRQ¿UPDQDVVRFLDWLRQRIWZRSRO\PRU
SKLVPVRI%'1)JHQHZLWKELSRODUDIIHFWLYHGLVRUGHUHLWKHUIRUJHQRW\SHV
RUIRUDOOHOHV:HREVHUYHGDWUHQGWRZDUGVDQDVVRFLDWLRQZLWK0HW0HWDQG
&7JHQRW\SHDQGHDUO\DJHRIRQVHW3RVLWLYH¿QGLQJVRIDVVRFLDWLRQVWXG\
RIVXEJURXSVPXVWEHFRQ¿UPHGRQWKHODUJHUVWXG\JURXS
5HIHUHQFHV
6NLELQVND 0 HW DO $VVRFLDWLRQ DQDO\VLV RI EUDLQGHULYHG QHXURWURSKLF
IDFWRU%'1)JHQH9DO0HWSRO\PRUSKLVPLQVFKL]RSKUHQLDDQGELSRODU
DIIHFWLYHGLVRUGHU:RUOG-%LRO3V\FKLDWU\
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
<
7KH6HURWRQLQ7UDQVSRUWHU+77/35*HQH3RO\PRUSKLVP
LQ%LSRODU'LVRUGHU
$JQLHV]ND6ORSLHQ
8QLYHUVLW\RI0HGLFDO6FLHQFHV3R]QDQ3RODQG
0RQLND'PLWU]DN:HJODU]$QQD/HV]F]\QVND5RG]HZLF]
)LOLS5\EDNRZVNL-RDQQD+DXVHU
2EMHFWLYHV 7KH KLJKO\ HYROXWLRQDULO\ FRQVHUYHG VHURWRQLQ WUDQVSRUWHU
+77 UHJXODWHV WKH HQWLUH VHURWRQLQHUJLF V\VWHP DQG LWV UHFHSWRUV YLD
PRGXODWLRQ RI H[WUDFHOOXODU ÀXLG VHURWRQLQ FRQFHQWUDWLRQ 7KH IXQFWLRQDO
SRO\PRUSKLVPESLQVGHOWKH+77JHQHORFDWHGLQWKHSURPRWHUUHJLRQ
PD\LQÀXHQFH+77WUDQVFULSWLRQDODFWLYLW\7KHSUHVHQWVWXG\LQYHVWLJDWHG
SRVVLEOHJHQHWLFDVVRFLDWLRQEHWZHHQWKLVSRO\PRUSKLVPDQGELSRODUGLVRU
GHU
0HWKRGV:HVWXGLHGIHPDOHQ PDOHQ LQGLYLGXDOVZLWKD
GLDJQRVLVRIELSRODUGLVRUGHU%3W\SH,Q DQG,,Q DFFRUGLQJ
WR'60 ,9 DQG ,&' FULWHULD DQG  FRQWURO VXEMHFWV IHPDOH Q 
PDOH Q  ,Q IXUWKHU DQDO\VHV VSHFL¿F VXEJURXSV RI SDWLHQWV ZHUH LQ
FOXGHGPDMRU GHSUHVVLRQZLWK DW\SLFDO IHDWXUHV Q PDMRU GHSUHVVLRQ
ZLWKPHODQFKROLF IHDWXUHV Q ELSRODUGLVRUGHUZLWKSV\FKRWLFV\PS
WRPV Q  DQG HDUO\ DJHRI RQVHW Q 7KH DQDO\VLV RI  IXQFWLRQDO
ES LQVGHOSRO\PRUSKLVPRI+77JHQHZDVSHUIRUPHGE\3&59175
PHWKRG ,QIRUPHGFRQVHQW IURPLQGLYLGXDOVSDUWLFLSDWLQJ LQ WKHVWXG\ZDV
REWDLQHG7KH3HDUVRQ¶VȤ7HVWZDVDSSOLHGWRDVVHVVWKHGLIIHUHQFHVLQWKH
JHQRW\SHGLVWULEXWLRQ DQG WKH)LVKHU¶V([DFW7HVW IRU DOOHOHV&DOFXODWLRQV
ZHUH SHUIRUPHGZLWK WKH XVH RI WKH VWDWLVWLFDO SDFNDJH6366YHUVLRQ
7ZRWDLOHGW\SH,HUURUUDWHRIZDVFKRVHQIRUWKHDQDO\VHV3RZHUDQDO\
VLVZDVSHUIRUPHGXVLQJRQOLQHFDOFXODWRUKWWSFDOFXODWRUVVWDWXFODHGX
SURYLGHGE\WKH8&/$'HSDUWPHQWRI6WDWLVWLFV
5HVXOWV )RU WKH +77 SRO\PRUSKLVP WKHUH ZDV QR VWDWLVWLFDOO\ VLJ
QL¿FDQWGLIIHUHQFHVLQWKHIUHTXHQF\RIWKHJHQRW\SHVS DQGDOOHOHV
S EHWZHHQWKHJURXSRISDWLHQWVDQGFRQWUROV7KHUHZHUHQRVWDWLVWL
FDOO\VLJQL¿FDQWGLIIHUHQFHVLQWKHIUHTXHQF\RIWKHJHQRW\SHVDQGDOOHOHVLQ
VXEJURXSVRIELSRODUGLVRUGHU
&RQFOXVLRQV,QRXUVWXG\ZHGLGQRW¿QGWKHDVVRFLDWLRQEHWZHHQWKHSRO\
PRUSKLVPVRI+77JHQHDQGELSRODUGLVRUGHULQ3ROLVKSRSXODWLRQ
5HIHUHQFHV
0XUSK\'/DWDO6HURWRQLQWUDQVSRUWHUJHQHJHQHWLFGLVRUGHUVDQG
SKDUPDFRJHQHWLFV0RO,QWHUY
<
6XEMHFWLYH7KHRULHVRI'LVHDVHDQG3KDUPDFRORJLFDO
&RPSOLDQFH
.VHQLD6RORMHQNLQD
.\UJ\]6WDWH0HGLFDO$FDGHP\.\UJ\]WDQ
2EMHFWLYHV7RFODULI\WKHLQÀXHQFHRIVXEMHFWLYHWKHRULHVRIGLVHDVH67'
RQSV\FKRSKDUPDFRORJLFDO FRPSOLDQFHDQG LQEUHDNLQJRII WKHSKDUPDFR
WKHUDS\E\VFKL]RSKUHQLF6FKSDWLHQWV
0HWKRGV3DWLHQWVZLWK6FKZHUHVWXGLHGPDOHDQGIHPDOH7KHLU
67'ZHUH H[DPLQHG LQ WZR VWHSV  ,QYHVWLJDWLRQ RI 67' DQG FRPSOL
DQFH E\ ,QYHQWRU\ WR ELRJUDSK\ DQG GHYHORSPHQW RI GLVRUGHUV ,QYHQWRU\
WR$GDSWHG ,PDJHRI'LVHDVH%ULHI3V\FKLDWULF5DWLQJ6FDOH ,QYHWRU\ RI
,QVLJKWLQ'LVRUGHU,QYHQWRU\RI&RQWURO&RQYLFWLRQRI'LVRUGHUDQG6DQ
LW\DQGWKH¿QDOLQIRUPDOLQWHUYLHZFODULI\LQJVRPHVXSSOHPHQWDU\DVSHFWV
RIFRPSOLDQFHDVZHOO 7KH67'GDWDZHUHSUHFLVHO\HYDOXDWHGE\ WKH
PXOWLYDULDQWHDQDO\VLV
5HVXOWV7KLVDSSURDFKZHUHHVWLPDWHGWKHUROHRI67'LQSV\FKRSKDUPD
FRORJLFDOFRPSOLDQFHDQGLQEUHDNLQJRIIWKHSKDUPDFRWKHUDS\E\SDWLHQWV
ZLWK6FK
&RQFOXVLRQV7KHUHVXOWVVXJJHVWWKHK\SRWKHVLVWKDWWKHQRQFRPSOLDQFHLQ
SKDUPDFRWKHUDS\FDQEHLQÀXHQFHGQRWRQO\ZLWKVLGHHIIHFWVRIGUXJVEXW
DOVRZLWK67'
5HIHUHQFHV
$JDUZDO056KDUPD9..LVKRUH.XPDU.9/RZH'1RQFRP
SOLDQFHZLWKWUHDWPHQWLQSDWLHQWVVXIIHULQJIURPVFKL]RSKUHQLDDVWXG\WR
HYDOXDWHSRVVLEOHFRQWULEXWLQJIDFWRUV,QW-6RF3V\FKLDWU\
'DQQ +'  6XEMHFWLYH WKHRULHV $ QHZ DSSURDFK WR SV\FKRORJLFDO
UHVHDUFKDQGHGXFDWLRQDOSUDFWLFH,Q6HPLQ*5*HUGHQ.-HGV(YHU\GD\
XQGHUVWDQGLQJ6RFLDO DQG 6FLHQWL¿F ,PSOLFDWLRQV 6DJH /RQGRQ SS 

<
&KROHVWHUROORZHULQJWKHUDS\DQGVHURWRQHUJLFWUDQVPLVVLRQ
-DQ9HYHUD
8QLYHUVLW\+RVSLWDOVW)DFXOW\RI0HGLFLQH3UDJXH&]HFK
5HSXEOLFDQG6FKRRORI3XEOLF+HDOWK8QLYHUVLW\RI&DOLIRUQLDDW
%HUNHOH\&DOLIRUQLD86$
7RPiã.YDVQLFND=GHQHN)LãDU=GHQHN+DQXã/XFLH6WiUNRYi
5LFKDUG&HãND+DQD3DSHåRYi
2EMHFWLYHV$QXPEHURIVWXGLHVKDYHUHSRUWHGDQLQFUHDVHGULVNIRUYLROHQW
GHDWKVDQGGHSUHVVLRQLQSDWLHQWVZLWKUHGXFHGVHUXPFKROHVWHUROFRQFHQWUD
WLRQV/LQNVZLWKK\SRWKHVL]HGLPSDLUPHQWRIVHURWRQLQQHXURWUDQVPLVVLRQ
KDYHQRWEHHQVDWLVIDFWRULO\WHVWHG
0HWKRGV6HUXPDQGPHPEUDQHFKROHVWHUROPLFURYLVFRVLW\RIHU\WKURF\WH
PHPEUDQHV SODWHOHW VHURWRQLQ XSWDNH DQG FOLQLFDO SDUDPHWHUVZHUH GHWHU
PLQHGGXULQJSKDUPDFRWKHUDS\RIK\SHUFKROHVWHUROHPLFSDWLHQWV
5HVXOWV6LJQL¿FDQWGHFUHDVHRIVHUXPFKROHVWHURODQGLQVLJQL¿FDQWGHFUHDVH
LQPHPEUDQHFKROHVWHUROFRQFHQWUDWLRQZDVIRXQGDIWHUWZRPRQWKVRIVLP
YDVWDWLQDSSOLFDWLRQ6HURWRQLQWUDQVSRUWHU6(57DFWLYLW\ZDVVLJQL¿FDQWO\
LQFUHDVHG IROORZLQJ  PRQWK RI VLPYDVWDWLQ DSSOLFDWLRQ WKH WHQGHQF\ WR
GHFUHDVH WKH LQLWLDO LQFUHDVH LQ 6(57 DFWLYLW\ ZDV HYLGHQW IROORZLQJ WZR
PRQWKVWKHUDS\%RWKPHPEUDQHFKROHVWHURODQG6(57DFWLYLW\UHWXUQHGWR
WKHYDOXHVEHIRUHWUHDWPHQWIROORZLQJPRUHWKDQRQH\HDURIWKHUDS\0LFUR
YLVFRVLW\RISODVPDPHPEUDQHVLPSXOVLYLW\HPSDWK\DGYHQWXUHVHQVDWLRQ
VHHNLQJDQGGHSUHVVLYHQHVVZDVQRWPDUNHGO\FKDQJHG
&RQFOXVLRQV /RQJWHUP WKHUDS\ KDV GLIIHUHQW HIIHFW RQ VHURWRQLQ WUDQV
PLVVLRQ LQ FRPSDULVRQ ZLWK VKRUWWHUP  PRQWKV WKHUDS\ 6LJQL¿FDQW
LQFUHDVHLQ6(57DFWLYLW\DQHIIHFWRSSRVLWHWRVHOHFWLYHVHURWRQLQUHXSWDNH
LQKLELWRU¶V IXQFWLRQLQJZDV GHWHFWHGGXULQJ WKH¿UVWPRQWKRI VLPYDVWDWLQ
DSSOLFDWLRQRQO\7KLV¿QGLQJVXJJHVWVWKDWZLWKLQWKLVSHULRGVRPHSDWLHQWV
FRXOGEHYXOQHUDEOHWRGHSUHVVLRQYLROHQFHRUVXLFLGH
5HIHUHQFHV
%X\GHQV%UDQFKH\/%UDQFKH\0+XGVRQ-)HUJHVRQ3/RZ+'/
FKROHVWHURODJJUHVVLRQDQGDOWHUHGFHQWUDOVHURWRQHUJLFDFWLYLW\3V\FKLDWU\
5HV
9HYHUD - äXNRY ,0RUFLQHN 7 3DSHåRYi +  &KROHVWHURO FRQFHQ
WUDWLRQV LQ YLROHQW DQG QRQ YLROHQW ZRPHQ VXLFLGH DWWHPSWHUV (XURSHDQ
3V\FKLDWU\
<
6HOHFWLYH'RSDPLQHUJLF/HVLRQV,QFUHDVH'HSUHVVLYH%HKDYLRU
LQ5DWV
&KULVWLQH:LQWHU
'HSWRI3V\FKLDWU\'HSWRI1HXURORJ\8QLYHUVLW\0HGLFLQH
&KDULWp%HUOLQ*HUPDQ\
7KRPDV/HH$QNHYRQ5XPRKU$QGUHDV.XSVFK*HRUJ-XFNHO
,QWURGXFWLRQDQG2EMHFWLYHV'HSUHVVLRQLVWKHPRVWFRPPRQSV\FKLDWULF
GLVWXUEDQFH LQ 3DUNLQVRQµV GLVHDVH 3' DIIHFWLQJ DSSUR[LPDWHO\ 
RI 3'SDWLHQWV 7KH V\PSWRPV RI GHSUHVVLRQ LQ 3DUNLQVRQ¶V GLVHDVH YDU\
VOLJKWO\ IURP WKH W\SLFDO V\PSWRP SUR¿OH RI SULPDU\ GHSUHVVLRQ 6R IDU
OLWWOHLVNQRZQDERXWWKHSDWKRSK\VLRORJLFHYHQWVOHDGLQJWR3'DVVRVLDWHG
GHSUHVVLRQQRUDERXWWKHFDXVDWLYHPROHFXODUPHFKDQLVPVRIDQWLGHSUHVVDQW
WUHDWPHQW SRWHQWLDOO\ OHDGLQJ WR UHPLVVLRQ DQG SUHYHQWLRQ RI UHODSVH7KH
OHDUQHGKHOSOHVVQHVVSDUDGLJPLVWKHPRVWZLGHO\VWXGLHGDQLPDOPRGHORI
GHSUHVVLRQ7KH SUHVHQW VWXG\ZDV DLPHG DW WHVWLQJ WKH K\SRWKHVLV RI WKH
LPSOLFDWLRQRIEUDLQGRSDPLQ'$HUJLFQHXURQVLQWKHLQGXFWLRQRIOHDUQHG
KHOSOHVVQHVV HVFDSH GH¿FLW DQG LWV UHYHUVDO E\ /'RSD VXEVWLWXWLRQ DQG
DQWLGHSUHVVDQWVLQUDWV
0HWKRGV 5DWV ZHUH XQLODWHUDOO\ OHVLRQHG LQ HLWKHU WKH YHQWUDO WHJPHQWDO
DUHD97$WKHVXEVWDQWLDQLJUDSDUVFRPSDFWD61FRUERWKZHHNVODWHU
H[SHULPHQWDODQLPDOVZHUHH[SRVHGWRLQHVFDSDEOHVKRFNVDQGKUODWHU
WKH\ZHUHVXEMHFWHGWRVNLQQHUER[VHVVLRQVLQRUGHUWRDVVHVVHVFDSHGH¿
FLWV)RXUGD\VODWHUVHSDUDWHJURXSVRIUDWVZHUHJLYHQWZLFHGDLO\LQMHFWLRQV
RI665,/'RSDRUVDOLQHRYHUDWRWDOSHULRGRIWKUHHGD\VDQGWHVWHGDJDLQ
IRUHVFDSHGH¿FLWEHKDYLRU$IWHUEHKDYLRUDOWHVWLQJDQLPDOVZHUHVDFUL¿FHG
9OUNG¬3CIENTISTS¬!WARD¬3ESSIONS

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
DQGW\URVLQHK\GUR[\ODVHVWDLQLQJZDVSHUIRUPHGLQWKH61FDQGWKH97$
UHVSHFWLYHO\
5HVXOWV:HIRXQGWKDWVHOHFWLYHGDPDJHRIERWK61FDQG97$'$HUJLF
QHXURQVVLJQL¿FDQWO\LQFUHDVHGHVFDSHGH¿FLWVSURGXFHGE\SULRUH[SRVXUH
WR LQHVFDSDEOH VKRFN 'H¿FLW EHKDYLRU ZDV UHYHUVLEOH E\ ERWK 665, DQG
PRUHSUHGRPLQDQWO\/'RSDVXEVWLWXWLRQ
&RQFOXVLRQV7KHVH¿QGLQJVLPSOLFDWHDFUXFLDOUROHRI'$HUJLFQHXURQVLQ
WKHPDQLIHVWDWLRQRIOHDUQHGKHOSOHVVEHKDYLRULQWKHUDWVPRGHORI3'DQG
3'DVVRFLDWHGGHSUHVVLYHEHKDYLRU
<
671+)65HGXFHV4XLQSLUROH,QGXFHG&RPSXOVLYH&KHFNLQJ
LQ5DWV
&KULVWLQH:LQWHU
'HSWRI3V\FKLDWU\'HSWRI1HXURORJ\8QLYHUVLW\0HGLFLQH
&KDULWp%HUOLQ*HUPDQ\
5DIHG-DODOL7KRPDV/HH$QGUHDV.XSVFK*HRUJ-XFNHO
,QWURGXFWLRQ DQG 2EMHFWLYHV 2EVHVVLYH FRPSXOVLYH GLVRUGHU 2&' LV
RQH RI WKHPRVW FRPPRQSV\FKLDWULF DIÀLFWLRQV SUHGRPLQDQWO\ SUHVHQWLQJ
ZLWK FRPSXOVLYH FKHFNLQJ )XQFWLRQDO 05, VWXGLHV KDYH LPSOLFDWHG WKH
FRUWLFDOVWULDWDOWKDODPLFFRUWLFDO FLUFXLWV DQG WKH PHVLRWHPSRUDO OREH LQ
WKH SDWKRSK\VLRORJ\ RI 2&' &RQJUXHQWO\ LQ SDWLHQWV UHPDLQLQJ XQDI
IHFWHG E\ SKDUPDFR DQG SV\FKRWKHUDS\ FRQWURYHUVLDOO\ GLVFXVVHG SDUWLDO
DEODWLYH OHVLRQLQJ RI WKHVH FLUFXLWV FDQ UHYHUVH FOLQLFDO V\PSWRPV ,Q WKH
WUHDWPHQWRIRWKHUQHXURSV\FKLDWULFGLVRUGHUVDEODWLYHOHVLRQLQJKDVPDMRUO\
EHHQ UHSODFHG E\ WKH VHOHFWLYH DQG UHYHUVLEOH KLJK IUHTXHQF\ VWLPXODWLRQ
+)6 7KH RYHUDOOPHFKDQLVP XQGHUO\LQJ+)6 KDV EHHQ SURSRVHG WR EH
D IXQFWLRQDO LQKLELWLRQ RI QHXURQDO DFWLYLW\ LQ WKH UHJLRQ VWLPXODWHG 7KH
VXEWKDODPLFQXFOHXV671LVRQHRIWKHQHXURDQDWRPLFDOFRPSRQHQWVLQWKH
EDVDOJDQJOLDZKLFKDUHNQRZQWREHHVVHQWLDOIRUPRWRUIXQFWLRQV7KH671
LVLQYROYHGLQDVVRFLDWLYHOLPELFDQGPRWRUFRUWLFDODQGVXEFRUWLFDOORRSV
,QDFWLYDWLRQ RI WKH 671 YLD+)6PD\ FRQVHTXHQWO\ DIIHFWPRWRU DVZHOO
DVQRQPRWRUEHKDYLRXUDO IXQFWLRQV$FFRUGLQJO\ UHFHQW VWXGLHV LPSOLFDWH
WKDW671+)6DOVRLQÀXHQFHVYDULRXVQRQPRWRUDVSHFWVRIEHKDYLRXUVXFK
DVFRJQLWLRQPRRGDQGPRWLYDWLRQ)XUWKHUPRUHLWKDVEHHQGHPRQVWUDWHG
WKDW671+)6UHGXFHVFKHFNLQJEHKDYLRULQWZR3'SDWLHQWVDOVRVXIIHULQJ
IURP2&'OLNHV\PSWRPV,QRUGHUWRIXUWKHUHOXFLGDWHWKHHWKLRSDWKRORJLFDO
UROHRIWKH671LQWKHPDQLIHVWDWLRQRI2&'ZHLQYHVWLJDWHGWKHHIIHFWRI
ELODWHUDO671+)6RQLQGXFWLRQDQGUHGXFWLRQRIFKHFNLQJEHKDYLRULQWKH
UDWµVTXLQSLUROH413PRGHORI2&'
5HVXOWV:HGHPRQVWUDWH WKDW671+)6 UHGXFHVTXLQSLUROH LQGXFHGFRP
SXOVLYHFKHFNLQJEHKDYLRUEXWGRHVQRWSUHYHQWWKHLQGXFWLRQRI2&'OLNH
V\PSWRPVLQUDWV
&RQFOXVLRQV:HFRQFOXGHWKDWDIXQFWLRQDOLQKLELWLRQRIWKH671FDQVH
OHFWLYHO\DQWDJRQL]HFRPSXOVLYHFKHFNLQJEHKDYLRULQWKHTXLQSLUROHDQLPDO
PRGHORI2&'DQGVXJJHVWWKDWDK\SHUDFWLYH671PD\EHLQYROYHGLQEXW
HWKLRSDWKRORJLFDOO\QRWHVVHQWLDOIRUWKHPDQLIHVWDWLRQRIFRPSXOVLYHFKHFN
LQJEHKDYLRULQWKHUDWCVTXLQSLUROHPRGHORI2&'
6SRQVRUHGE\')*.XDQG(&4/.
<
2&',QKLELWLRQ5HGXFHG)URQWRVWULDWRWKDODPLFI05,
$FWLYLW\
-DPHV:RROOH\
,QVWLWXWHRI3V\FKLDWU\/RQGRQ8.
,VREHO+H\PDQ;DYLHU&KLWQLV0LFN%UDPPHU,DQ)UDPSWRQ
3KLOLS0F*XLUH.DW\D5XELD
2EMHFWLYHV ,W KDV EHHQ VXJJHVWHG WKDW WKH LQWUXVLYH WKRXJKWV DQG EHKDY
LRXUV RI REVHVVLYHFRPSXOVLYH GLVRUGHU 2&' DUH UHODWHG WR GH¿FLWV LQ
PHFKDQLVPV RI LQKLELWRU\ FRQWURO 1HXUDO FRUUHODWHV RI LQKLELWRU\ FRQWURO
PHFKDQLVPVKDYHQRWEHHQ LQYHVWLJDWHG LQDGXOWRUSHGLDWULFSDWLHQWVZLWK
2&'XVLQJPRGHUQIXQFWLRQDOLPDJLQJWHFKQLTXHV2XUREMHFWLYHZDVWRWHVW
ZKHWKHUDEQRUPDODFWLYDWLRQRIDIURQWRVWULDWRWKDODPLFQHWZRUNLVDVVRFL
DWHGZLWKVSHFL¿FLQKLELWRU\IXQFWLRQGH¿FLWVLQFKLOGUHQZLWK2&'
0HWKRGV 1LQH ULJKWKDQGHGPDOH SHGLDWULF SDWLHQWV DJHG  WR  \HDUV
ZLWKDFOLQLFDOGLDJQRVLVRI2&'DVVHVVHGZLWKWKHFKLOGUHQ¶V<DOH%URZQ
2EVHVVLYH&RPSXOVLYH 6FDOHZHUH UHFUXLWHG IURP WKH0DXGVOH\+RVSLWDO
FKLOGDQGDGROHVFHQW2&'FOLQLF7HQFRQWUROVXEMHFWVZHUHUHFUXLWHGIURP
ORFDO VFKRROVPDWFKHG IRU DJH VH[ YHUEDO SHUIRUPDQFH DQG KDQGHGQHVV
$OO VXEMHFWV XQGHUZHQW D VLQJOH PLQXWH 7HVOD IXQFWLRQDOPDJQHWLF
UHVRQDQFHI05,VFDQDWWKH0DXGVOH\+RVSLWDOZKLOVWSHUIRUPLQJHYHQW
UHODWHGWDVNVRIPRWRUDQGFRJQLWLYHLQKLELWLRQVWRSPRWRUVWURRSVZLWFK
DQGWDVNRIH[HFXWLYHIXQFWLRQYHUEDOÀXHQF\$129$DWSZDV
XVHGWRPHDVXUHJURXSGLIIHUHQFHVLQEORRGR[\JHQOHYHOGHSHQGHQW%2/'
I05,VLJQDOV
5HVXOWV7KHUHZHUHQRJURXSGLIIHUHQFHVLQWDVNSHUIRUPDQFHEXWSDWLHQWV
ZLWK2&'VKRZHGUHGXFHGDFWLYDWLRQLQWDVNUHOHYDQWEUDLQUHJLRQVLQDOO
WDVNV,QSDWLHQWVYHUEDOÀXHQF\ZDVDVVRFLDWHGZLWKUHGXFHGDFWLYDWLRQLQ
LQIHULRUIURQWDOJ\UXVDQGWKDODPXVWDVNVZLWFKLQJZLWKUHGXFHGDFWLYDWLRQ
LQOHIWVXSHULRUWHPSRUDOJ\UXVDQGULJKWLQIHULRUIURQWDOFRUWH[ZLWKDQDOWHU
QDWLYHSDWWHUQRIDFWLYDWLRQLQSDULHWDOUHJLRQVVWRSWDVNSHUIRUPDQFHZLWK
UHGXFHGDFWLYDWLRQLQULJKWWKDODPXVFDXGDWHDQGULJKWRUELWRIURQWDOJ\UXV
DQG VWURRS WDVN SHUIRUPDQFH ZLWK UHGXFHG DFWLYDWLRQ LQ PLGGOH WHPSRUDO
J\UXVDQGFHUHEHOOXP
&RQFOXVLRQV 3HGLDWULF2&'DSSHDUV WR EH DVVRFLDWHGZLWK UHGXFHGEUDLQ
DFWLYDWLRQ LQ SUHGRPLQDQWO\ RUELWDO DQG LQIHULRU SUHIURQWDO FRUWLFHV WKH
EDVDO JDQJOLD WKDODPXV DQG FHUHEHOOXP GXULQJ LQKLELWRU\ DQG H[HFXWLYH
IXQFWLRQWDVNV$OWHUQDWLYHSDWWHUQVRIDFWLYDWLRQZHUHREVHUYHGGXULQJRQH
WDVN&RPPRQGH¿FLWVDFURVVWDVNVSRLQWWRZDUGVIXQFWLRQDODEQRUPDOLWLHV
LQ RUELWRIURQWDOVWULDWRWKDODPLF FLUFXLWV GXULQJ H[HFXWLYH IXQFWLRQV 7KH
¿QGLQJVDUH LQ OLQHZLWK WKHK\SRWKHVLVRIXQGHUIXQFWLRQLQJIURQWRVWULDWDO
LQKLELWRU\SDWKZD\VXQGHUO\LQJ2&'DQGZLWK VWUXFWXUDO05,¿QGLQJVRI
G\VPRUSKRORJ\RIWKHVHUHJLRQV
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\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&REE¬#OMMUNICATIONS
)&
I05,(PRWLRQ
)&
6H[+RUPRQHVDQGWKHLU,QIOXHQFHRQ$P\JGDOD$FWLYDWLRQ
%LUJLW+RKHLVHO
05&HQWUHRI([FHOOHQFH0HGLFDO8QLYHUVLW\RI9LHQQD$XVWULD
8WH+DEHO&KULVWLDQ:LQGLVFKEHUJHU,OVH.U\VSLQ([QHU
(ZDOG0RVHU
2EMHFWLYHV&RQYHUJLQJHYLGHQFHKDVDFFXPXODWHGWRVXJJHVWWKDWVH[KRU
PRQHVLQÀXHQFHFHUHEUDOIXQFWLRQVVXFKDVOHDUQLQJPHPRU\DQGHPRWLRQDO
UHDFWLRQV:LOOLDPV$VWKHUHDUHHVWURJHQDQGWHVWRVWHURQUHFHSWRUV
LQ WKH DP\JGDOD LW VHHPV SRVVLEOH WKDW VH[ KRUPRQHV DFWLQJ RQ WKLV VLWH
KDYH DQ LPSDFW RQ HPRWLRQDO EHKDYLRU HJ HPRWLRQ UHFRJQLWLRQ ,Q WKH
ODVW \HDUV JHQGHU GLIIHUHQFHV LQ WKH QHXURELRORJLFDO FRUUHODWHV RI HPRWLRQ
SURFHVVLQJKDYHEHHQFRQ¿UPHG:LWKI05,IXQFWLRQDOJHQGHUGLIIHUHQFHV
LQDP\JGDODDFWLYDWLRQKDYHEHHQREVHUYHGGXULQJWKHSUHVHQWDWLRQRIKDSS\
IHDUIXODQJU\DQGVDGIDFHV.HVOHU:HVWHWDODVZHOODVSOHDVDQW
DQGXQSOHDVDQWYLVXDOVWLPXOL:UDVHHWDO$QDGHTXDWHH[SODQDWLRQ
IRUWKHVHGLVWLQFWLRQVLVVWLOOODFNLQJEXWFRQVLGHULQJSRWHQWLDOLQÀXHQFHVRI
VH[KRUPRQHVRQDP\JGDODDFWLYDWLRQWKHLPSDFWRIVH[KRUPRQHVRQWKHVH
FHUHEUDOIXQFWLRQDOJHQGHUGLIIHUHQFHVKDVWREHH[SORUHG
0HWKRGV+HQFHZHLQYHVWLJDWHGKHDOWK\VXEMHFWVIHPDOHPDOH
GXULQJD IDFLDO HPRWLRQ UHFRJQLWLRQ WDVNZLWKD7HVODZKROHERG\VFDQ
QHU0HGVSHF%UXNHU%LRVSLQ:HXVHGDVSHFLDOO\RSWLPL]HGSURWRFROWR
UHOLDEO\GHWHFW DP\JGDOD DFWLYDWLRQ 5RELQVRQ HW DO 6H[KRUPRQH
DVVHVVPHQWZDVXVHGIRUWKHFRUUHODWLRQZLWKIXQFWLRQDOGDWDWRLQYHVWLJDWH
WKH LQÀXHQFHVRQFHUHEUDOFRUUHODWHVRIJHQGHUGLIIHUHQFHVGXULQJHPRWLRQ
SURFHVVLQJ
5HVXOWV 2XU GDWD VKRZ UREXVW DP\JGDOD DFWLYDWLRQ DQG HPSKDVL]H WKH
FULWLFDOUROHRIWKHDP\JGDODLQGHWHFWLQJDQGHYDOXDWLQJHPRWLRQVLQIDFLDO
H[SUHVVLRQV6LJQ¿FDQWFRUUHODWLRQVEHWZHHQDP\JGDODDFWLYDWLRQDQGKRU
PRQHVWDWXVHPHUJHGSRLQWLQJWRDSRVLWLYHFRUUHODWLRQIRUWHVWRVWHURQDQGD
QHJDWLYHFRUUHODWLRQIRUHVWURJHQLQIHPDOHDQGPDOHVXEMHFWV
&RQFOXVLRQV7KHDP\JGDODHPHUJHGDVDFUXFLDOQRGHRIHPRWLRQDOHYDOX
DWLRQLQWKHHDUO\VWDJHVRISURFHVVLQJ1HYHUWKHOHVVJHQGHUDQGQHXURHQGR
FULQHVWDWXVVHHPWRH[HUWDPRGXODWLQJLQÀXHQFHRQLWVDFWLYDWLRQLQGLFDWLQJ
UHOHYDQWIDFWRUVWKDWKDYHWREHFRQVLGHUHGLQFOLQLFDOVWXGLHV
5HIHUHQFHV
:LOOLDPV&/(VWURJHQHIIHFWVRQFRJQLWLRQDFURVVWKHOLIHVSDQ+RU
PRQHVDQG%HKDYLRU
.HVOHU:HVW0/HWDO1HXUDOVXEVWUDWHVRIIDFLDOHPRWLRQSURFHVVLQJ
XVLQJI05,&RJQLWLYH%UDLQ5HVHDUFK
:UDVH-HWDO *HQGHUGLIIHUHQFHV LQ WKHSURFHVVLQJRIVWDQGDUGL]HG
HPRWLRQDOYLVXDOVWLPXOLLQKXPDQVDIXQFWLRQDOPDJQHWLFUHVRQDQFHLPDJ
LQJVWXG\1HXURVFLHQFH/HWWHUV
5RELQVRQ6:LQGLVFKEHUJHU&5DXVFKHU$	0RVHU(2SWLPL]HG
7(3,RIWKHDP\JGDODH1HXURLPDJH
)&
+7$%3LQ/LPELF$UHDV&RUUHODWHVZLWK6H[+RUPRQH
3ODVPD/HYHOVLQ0HQ
5XSHUW/DQ]HQEHUJHU
'HSDUWPHQWRI*HQHUDO3V\FKLDWU\0HGLFDO8QLYHUVLW\9LHQQD
$XVWULD
0LHQ/HRQKDUG.H\6SLQGHOHJJHU&KULVWRSK
*HLVV*UDQDGLD7KRPDV0LWWHUKDXVHU0DUNXV0RVVDKHE1LOXIDU
:DGVDN:ROIJDQJ6DFKHU-XOLD$WWDUEDVFKL7UDZDW
.OHLQ1LNRODV+ROLN$OH[DQGHU:LHVHJJHU*HRUJ
.DVSHU6LHJIULHG.OHWWHU.XUW7DXVFKHU-RKDQQHV
2EMHFWLYHV 6HYHUDO 3(7 VWXGLHV KDYH FRQ¿UPHG SRVWPRUWHP UHVXOWV
VKRZLQJ VH[XDO GLPRUSKLVP LQ WKH KXPDQ VHURWRQHUJLF V\VWHP LQFOXGLQJ
+7$UHFHSWRUV1LVKL]DZDHWDO IRXQG WKHUDWHRIVHURWRQLQV\QWKHVLV
WREHKLJKHULQKHDOWK\KXPDQPDOHVFRPSDUHGWRIHPDOHV(VWUDGLRO
DQGSURJHVWHURQHGHFUHDVH+7$DXWRUHFHSWRUP51$OHYHOVLQPDFDTXHV
DQG LQFUHDVH VHURWRQLQ QHXURWUDQVPLVVLRQ  7UHDWPHQW ZLWK WHVWRVWHURQH
DQG HVWUDGLRO QRUPDOL]HV +7$ GRZQUHJXODWLRQ LQ FDVWUDWHG PDOH DQG
RYDULHFWRPL]HG IHPDOH 6(57 NQRFNRXW PLFH UHVSHFWLYHO\  ,Q DGGLWLRQ
VHURWRQLQQHXURQVFRQWDLQVWHURLGUHFHSWRUVDQGVWHURLGKRUPRQHVUHJXODWH
EUDLQ+7$UHFHSWRUP51$H[SUHVVLRQ7RLQYHVWLJDWHWKHUHODWLRQVKLS
EHWZHHQ WHVWRVWHURQH HVWUDGLRO DQG +7$ UHFHSWRUV ZH PHDVXUHG WKH
ELQGLQJSRWHQWLDO%3LQDKRPRJHQHRXVJURXSRIPDOHVXEMHFWV
0HWKRGVKHDOWK\PDOHVXEMHFWVDJH\HDUVSDUWLFLSDWHGLQWKLV
3(7VWXG\)ROORZLQJDPLQWUDQVPLVVLRQVFDQIRUDWWHQXDWLRQFRUUHFWLRQ
G\QDPLFVFDQVLQ'PRGHVWDUWHGVLPXOWDQHRXVO\ZLWKEROXVLQMHFWLRQRI
>&@:$<XVLQJDQDYHUDJHGRVHRI0%T$VHULHVRI
WLPHIUDPHV[PLQ[PLQKDVEHHQFROOHFWHGUHVXOWLQJLQDWRWDODF
TXLVLWLRQWLPHRIPLQXWHV7KHVSDWLDOUHVROXWLRQRIWKH¿QDOUHFRQVWUXFWHG
LPDJH ¿OWHUHG EDFNSURMHFWLRQ DOJRULWKP )25(,7(5 26(0 ZDV
):+0 PPDWWKHFHQWHURIWKH)29PDWUL[[VOLFHV7
Z05LPDJHVPDWUL[[[ZHUHFRUHJLVWHUHGWR3(7$''LPDJHV
)RXUUHJLRQVRILQWHUHVWFHUHEHOOXPDQWHULRUFLQJXODWHDQGPHVLRWHPSRUDO
FRUWH[LQVXODZHUHGUDZQRQFRUHJLVWHUHGDQDWRPLFDOLPDJHVXVLQJ302'
DQGDQDWRPLFDOFULWHULDHVWDEOLVKHGE\%UHPQHUHWDO)RUTXDQWL¿FD
WLRQ RI +7$ UHFHSWRUV ZH XVHG 302' DQG WKH 6LPSOL¿HG 5HIHUHQFH
7LVVXH0RGHO6570EDVHGRQDWZRWLVVXHFRPSDUWPHQWPRGHOZLWKWKH
FHUHEHOOXP DV UHIHUHQFH UHJLRQ 9HQRXV EORRG VDPSOLQJ ZDV GRQH WZLFH
PLQODWHQF\LQWKHHDUO\PRUQLQJ:HFDOFXODWHGPHDQSODVPDOHYHOVRI
IUHHWHVWRVWHURQHDQGHVWUDGLROEDVHGRQ6+%*7KHUDWLRRIWHVWRVWHURQHDQG
HVWUDGLRO LQGLFDWLQJDURPDWDVHDFWLYLW\ZDVFRUUHODWHG3HDUVRQFRUUHODWLRQ
FRHI¿FLHQWVWZRVLGHGZLWK52,VSHFL¿F+7$%3
5HVXOWV7KH%3YDOXHVZHUH PHDQ6' LQ WKHDQWHULRU FLQJXODWH
FRUWH[  LQ WKH LQVXOD DQG  LQ WKH PHVLRWHPSRUDO UHJLRQ
)UHH SODVPD OHYHOV RI QJPO IRU WHVWRVWHURQH DQG SJPO
IRUHVWUDGLROZHUHPHDVXUHG:HIRXQGVLJQL¿FDQWFRUUHODWLRQVEHWZHHQWKH
VH[KRUPRQHUDWLRDQG+7$%3LQWKHDQWHULRUFLQJXODWHFRUWH[U 
S  WKH LQVXOD U  S  DQG WKH PHVLRWHPSRUDO FRUWH[
U S  LQFOXGLQJSDUDKLSSRFDPSDODUHDVHH¿JXUH7KHUHZDV
QR VLJQL¿FDQW FRUUHODWLRQ EHWZHHQ +7$ %3 DQG DJH RU UDGLRFKHPLFDO
YDULDEOHVLQDUHDVLQYHVWLJDWHG
&RQFOXVLRQV7KHODUJHEHWZHHQVXEMHFW%3YDULDELOLW\REVHUYHGLQVHYHUDO
VWXGLHVFDQEHSDUWO\H[SODLQHGE\KRUPRQDOIDFWRUV)XWXUHFRPSDULVRQV
RI SDWLHQWV DQG KHDOWK\ FRQWUROV VKRXOG EH FRUUHFWHG IRU VWHURLG KRUPRQH
SODVPDOHYHOVLQ3(7VWXGLHVLQYHVWLJDWLQJWKHVHURWRQHUJLFV\VWHP*HQGHU
GLIIHUHQFHVLQWKHYXOQHUDELOLW\WRDQ[LHW\GLVRUGHUVDQGGHSUHVVLRQDQGWKH
FRUUHODWLRQ RI SUHPHQVWUXDO V\QGURPH DQG SRVWSDUWXP RU SHULPHQRSDXVDO
GHSUHVVLRQZLWKFKDQJHVLQJRQDGDOVWHURLGOHYHOVPLJKWSDUWO\EHEDVHGRQ
KRUPRQDO HIIHFWVRI WKH+7$ UHFHSWRUPHGLDWHGFRQWURORI VHURWRQHUJLF
QHXURWUDQVPLVVLRQ*OXFRFRUWLFRLGVDVFRUWLVROHQKDQFHGRUVDOUDSKH+7$
DXWRUHFHSWRUIXQFWLRQ*LYHQWKHQHJDWLYHFRUUHODWLRQEHWZHHQFRUWLVRODQG
WHVWRVWHURQH WKHVH GDWD VXJJHVW D FDXVDO OLQN EHWZHHQ VWUHVV VWHURLG KRU
PRQHVDQGVHURWRQHUJLFUHOHDVH
5HIHUHQFHV
3DUVH\59HWDO%UDLQ5HV
1LVKL]DZD6HWDO3URF1DWO$FDG6FL86$
/X1=HWDO1HXURSV\FKRSKDUPDFRORJ\
%RXDOL6HWDO(XU-1HXURVFL
/X1=HWDO(QGRFULQH
&KDOPHUV'7HWDO-1HXURVFL
%UHPQHU-'HWDO&OLQ3RVLWURQ,PDJLQJ
%HOOLGR,HWDO1HXURUHSRUW
5DELQHU($HWDO1HXURLPDJH
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
)&
(PRWLRQ'LVFULPLQDWLRQ7UDLQLQJLQ6FKL]RSKUHQLD$QI05,
6WXG\
.DWKULQ.RFK
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\RI
$DFKHQ*HUPDQ\
8WH+DEHO1LFROH)URPPDQQ0DUWLQD.OHLQ1-RQ6KDK
7KLOR.HOOHUPDQQ-XHUJHQ%ULQNPH\HU:ROIJDQJ:|OZHU
2EMHFWLYHV 7KH JRDO RI WKLV I05, VWXG\ZDV WR H[SORUH WKH HIIHFWV RI D
VWDQGDUGL]HG HPRWLRQ GLVFULPLQDWLRQ WUDLQLQJ RQ UHJLRQDO FHUHEUDO EUDLQ
DFWLYLW\ LQ VFKL]RSKUHQLDSDWLHQWV7KHDLPRI WKH WUDLQLQJZKLFK ODVWHG
ZHHNV DQG FRPSULVHG PDLQO\ FRPSXWHUEDVHG WDVNV ZDV WR LPSURYH WKH
SDWLHQWV¶DELOLW\ WR MXGJHHPRWLRQV LQ WHUPVRIYDOHQFH LQWHQVLW\DQGVLWX
DWLRQDOVSHFL¿FLW\
0HWKRGVVFKL]RSKUHQLDSDWLHQWVDQGKHDOWK\YROXQWHHUVKDYH WDNHQ
SDUWLQWKHVWXG\RIWKHSDWLHQWVSDUWLFLSDWHGLQWKHWUDLQLQJWKHRWKHUWHQ
SHUWDLQHG WR DZDLWLQJ FRQWURO JURXS 3DWLHQWVZLWK WUDLQLQJZHUH VFDQQHG
EHIRUH DQG DIWHU WKH WUDLQLQJ SHULRG WKH UHPDLQLQJ SDUWLFLSDQWVZHUH DOVR
VFDQQHG WZLFH 77ZLWK DQ LQWHUVFDQ LQWHUYDO RI ZHHNV'DWDZHUH
FROOHFWHGRQD7VFDQQHU'XULQJVFDQQLQJSDUWLFLSDQWVKDGWRSHUIRUP
DQHPRWLRQGLVFULPLQDWLRQWDVN'DWDDQDO\VLVZDVSHUIRUPHGXVLQJ630
*URXSDQDO\VHVZHUHEDVHGRQDPXOWLIDFWRULDO$129$S )'5FRU
UHFWHG
5HVXOWV5HVXOWV IRU7 UHYHDOHG UDWKHU VLPLODUDFWLYDWLRQSDWWHUQV LQERWK
JURXSV0RUHDFWLYDWLRQLQWKHWUDLQLQJJURXSDVFRPSDUHGWRWKHFRQWUROSD
WLHQWJURXSZDVPDLQO\IRXQGLQRFFLSLWDOUHJLRQV$W7KRZHYHUSDWLHQWV
ZKRKDGSDUWLFLSDWHGLQWKHWUDLQLQJVKRZHGVLJQL¿FDQWDFWLYDWLRQLQVHYHUDO
IURQWDOUHJLRQVWKHOHIWSUHFXQHXVWKHSRVWFHQWUDOJ\UXVVRPDWRVHQVRU\FRU
WH[DQGWKHWKDODPXVZKLFKZDVQRWGHWHFWDEOHLQWKHFRQWUROSDWLHQWJURXS
&RQFOXVLRQV 7KH WUDLQLQJ VHHPV WR DIIHFW EUDLQ UHJLRQV SDUWLFXODUO\ LP
SRUWDQWIRUHPRWLRQGLVFULPLQDWLRQWDVNV7KXVUHVXOWVSRLQWWRWKHVSHFL¿F
HI¿FLHQF\RIWKHWUDLQLQJLQSURGXFLQJWDVNUHOHYDQWDFWLYDWLRQFKDQJHV
$FNQRZOHGJHPHQWV6XSSRUWHGE\WKH*HUPDQ5HVHDUFK)RXQGDWLRQ')*
6FKQDQG6FKQ
)&
3V\FKRSDWKV$FWLQ&ROG%ORRG$I05,6WXG\RQ&RJQLWLRQ
DQG(PRWLRQ
-UJHQ/0OOHU
'HSRI3V\FKLDWU\8QLYHUVLW\RI5HJHQVEXUJ*HUPDQ\
0RQLND6RPPHU7DWMDQD:HEHU.DWULQ'|KQHO-|UJ0HLQKDUGW
*|UDQ+DMDN
2EMHFWLYHV(PRWLRQDOGHWDFKPHQWKDVEHHQGHVFULEHGDVDFRUHV\QGURPH
LQSV\FKRSDWK\PDNLQJSV\FKRSDWKVIHDUOHVVPDQLSXODWLYHZKLOHIHHOLQJVRI
HPSDWK\DQGUHPRUVHDUHODFNLQJ,QFRQVHTXHQFHSV\FKRSDWKVKDYHEHHQ
IRXQGWREHXQDEOHWROHDUQIURPQHJDWLYHH[SHULHQFHV7KLVVWXG\IRFXVHGRQ
WKHQHXURELRORJ\RIHPRWLRQDOGHWDFKPHQWLQSV\FKRSDWK\E\LQYHVWLJDWLQJ
WKHLQWHUDFWLRQRIFRJQLWLRQDQGHPRWLRQXVLQJI05,
0HWKRGV:HXVHGIXQFWLRQDOPDJQHWLFUHVRQDQFHLPDJLQJI05,WRVWXG\
WKH LQÀXHQFHRIGLIIHUHQWDIIHFWLYHFRQWHQWV SOHDVDQWXQSOHDVDQWQHXWUDO
RQEUDLQDFWLYDWLRQLQSV\FKRSDWKVZKLOHDXWRPDWLFDQGFRQWUROOHGLQIRUPD
WLRQVZHUHSURFHVVHG
8VLQJD6LPRQSDUDGLJPDQG VHULHV FRQWDLQLQJSRVLWLYH DQGQHJDWLYHSLF
WXUHVIURPWKH,QWHUQDWLRQDO$IIHFWLYH3LFWXUH6\VWHP,$36ZHH[SORUHG
KHDOWK\PDOHSDUWLFLSDQWVLQFRPSDULVRQWRSV\FKRSDWKVDFFRUGLQJWR
WKH LQFOXVLRQ FULWHULD RI 3V\FKRSDWK\ &KHFNOLVW UHYLVHG YHUVLRQ 3&/5
ZKLOHZKROHEUDLQ(FKR3ODQDU,PDJLQJ(3,PHDVXUHPHQWVZHUHDFTXLUHG
'LIIHUHQFHVLQEUDLQDFWLYDWLRQZHUHHYDOXDWHGXVLQJ%UDLQ9R\DJHU6RIWZDUH
3DFNDJH
5HVXOWV$QDO\VLVUHYHDOHGWKDWWKHHPRWLRQDOFRQWH[WSULPDU\LQÀXHQFHGWKH
PRUHGLI¿FXOWFRQWUROOHGSURFHVVLQJPRGH&RQWUROVSHUIRUPHGVLJQL¿FDQWO\
ZRUVH LQ WKH FRQWUROOHG FRQGLWLRQ GXULQJ QHJDWLYH HPRWLRQ FRPSDUHG WR
SRVLWLYHDQGQHXWUDODIIHFWLYHVWDWHVDQGLQSDUWLFXODULQFRPSDULVRQWRSV\
FKRSDWKV ,Q FRQWUDVW WKHSHUIRUPDQFHRISV\FKRSDWKVZDVQRW LQÀXHQFHG
E\QHJDWLYHPRRGLQGXFWLRQ,QOLQHZLWKWKLV¿QGLQJZHIRXQGDVLJQL¿FDQW
HPRWLRQDQGFRJQLWLRQLQWHUDFWLRQHIIHFWLQ%$LQFRQWUROVZKLOHSURFHVV
LQJQHJDWLYHHPRWLRQV&RQVHTXHQWO\QRLQWHUDFWLRQHIIHFWUHJDUGLQJ%$
ZDVIRXQGLQSV\FKRSDWKV
&RQFOXVLRQV2XU VWXG\ HPSKDVL]HV WKH LPSDFW RI HPRWLRQV RQ FRJQLWLYH
SURFHVVHVDQGVXSSRUWVWKHK\SRWKHVLVWKDWWKHHPRWLRQDOFRQWH[WLQFUHDVHV
WKHLQIRUPDWLRQSURFHVVLQJORDGDQGGUDLQVDWWHQWLRQDOUHVRXUFHV7KHVHGDWD
VXSSRUW WKH K\SRWKHVHV WKDW SV\FKRSDWKVZHUH QRW LQÀXHQFHG E\ QHJDWLYH
HPRWLRQV
5HIHUHQFHV
0XHOOHU-/6RPPHU0HWDO$EQRUPDOLWLHVLQ(PRWLRQ3URFHVVLQJ
ZLWKLQ&RUWLFDODQG6XEFRUWLFDO5HJLRQVLQ&ULPLQDO3V\FKRSDWKV(YLGHQFH
IURP DQ I05, 6WXG\ XVLQJ 3LFWXUHVZLWK (PRWLRQDO &RQWHQWV %LRORJLFDO
3V\FKLDWU\
)&
*HQGHU'LIIHUHQFHVGXULQJ(PRWLRQ'LVFULPLQDWLRQ$QI05,
6WXG\RQ6FKL]RSKUHQLD
.DWKDULQD3DXO\
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\5:7+$DFKHQ
8QLYHUVLW\*HUPDQ\
8WH+DEHO7KLOR.HOOHUPDQQ.DWKULQ.RFK7LOR.LUFKHU
9RONHU%DFNHV1LQD<6HLIHUWK0DUWLQD.OHLQ1-RQ6KDK
.DWULQ$PXQWV)UDQN6FKQHLGHU
2EMHFWLYHV (PRWLRQDO GH¿FLWV SOD\ DQ LPSRUWDQW UROH LQ WKH SV\FKRSD
WKRORJ\ RI VFKL]RSKUHQLD 7KH DELOLW\ WR FRUUHFWO\ GLVFULPLQDWH GLIIHUHQW
IDFLDOH[SUHVVLRQVLVHVVHQWLDOIRUHYHU\GD\VRFLDOOLIH6HYHUDOEHKDYLRXUDO
VWXGLHVSRLQWHGWRGH¿FLWVLQHPRWLRQUHFRJQLWLRQLQSDWLHQWV$FFRUGLQJO\
IXQFWLRQDO LPDJLQJ LQYHVWLJDWLRQV UHYHDOHG G\VIXQFWLRQV HVSHFLDOO\ LQ
VXEFRUWLFDOOLPELFEUDLQDUHDV LH WKHDP\JGDOD+RZHYHU OLWWOH LVNQRZQ
DERXWSRVVLEOHGLIIHUHQFHVEHWZHHQPDOHDQGIHPDOHSDWLHQWV6LQFHJHQGHU
GLIIHUHQFHVKDYHEHHQUHSRUWHGZLWKUHJDUGWRHPRWLRQDOSURFHVVLQJLWLVVXJ
JHVWHGWKDWJHQGHUVSHFL¿FYDULDWLRQVLQDFWLYDWLRQVKRXOGEHIRXQGEHWZHHQ
SDWLHQWVDQGFRQWUROV
0HWKRGV7RGDWHVFKL]RSKUHQLDSDWLHQWV PDOHV IHPDOHVDQG
JHQGHUPDWFKHGKHDOWK\FRQWUROVKDYHEHHQLQYHVWLJDWHGZLWKI05,GXULQJ
HPRWLRQGLVFULPLQDWLRQ7KHJURXSVGLGQRWGLIIHULQDJHRUSDUHQWDOHGXFD
WLRQ 3DUWLFLSDQWV KDG WR GLIIHUHQWLDWH D WDUJHW HPRWLRQ IURP RWKHU EDVLF
HPRWLRQVQHXWUDOIDFHVLQIRXUI05,UXQVKDSSLQHVVVDGQHVVDQJHUIHDU
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
$QHYHQWUHODWHGGHVLJQZDVDSSOLHG$QDO\VLVZDVEDVHGRQ630JHQHUDO
OLQHDUPRGHO
5HVXOWV:KLOH QR JURXS GLIIHUHQFHV PDOHV YV IHPDOHVSDWLHQWV YV FRQ
WUROVZHUHIRXQGLQWKHQXPEHURIKLWVIRUWKHHPRWLRQGLVFULPLQDWLRQWDVN
VFKL]RSKUHQLD SDWLHQWV GHPRQVWUDWH OHVV FRUUHFW UHMHFWLRQV FRPSDUHG WR
KHDOWK\FRQWUROV
*HQGHU VSHFL¿F EUDLQ DFWLYDWLRQ FKDUDFWHULVWLFV ZHUH REVHUYHG ,Q PDOH
VFKL]RSKUHQLD SDWLHQWV RQ WKH RQH KDQG FRPSDUHG WR KHDOWK\ PDOHV K\
SRDFWLYDWLRQ RI WKH DP\JGDODZDV IRXQG GXULQJ WKH UHFRJQLWLRQ RI KDSS\
DQGIHDUIXOIDFHV)XUWKHUPRUHIRUDOOIDFLDOH[SUHVVLRQVPDOHFRQWUROVKDG
DVLJQL¿FDQWO\KLJKHUDFWLYDWLRQLQWKHFLQJXODWHJ\UXVDVZHOODVLQWKHSDUL
HWRRFFLSLWRWHPSRUDOMXQFWLRQ7KHIHPDOHFRQWUROJURXSRQWKHRWKHUKDQG
FRPSDUHG WR WKH IHPDOH SDWLHQWV PRVW QRWDEO\ GHPRQVWUDWHG VLJQL¿FDQWO\
KLJKHUDFWLYDWLRQLQWKHFLQJXODWHJ\UXV7KLVDFWLYDWLRQHPHUJHGPRUHGRU
VDOWKDQLQWKHPDOHJURXSDQGLUUHVSHFWLYHRIHPRWLRQDOYDOHQFH
&RQFOXVLRQV %UDLQ DFWLYDWLRQ GXULQJ HPRWLRQ GLVFULPLQDWLRQ UHYHDOHG
YDOHQFHVSHFL¿FFKDUDFWHULVWLFVDQGGLIIHUHGEHWZHHQVFKL]RSKUHQLDSDWLHQWV
DQGFRQWUROV,QDFFRUGDQFHZLWKFOLQLFDOGDWDGHPRQVWUDWLQJDPRUHVHYHUH
LOOQHVVFRXUVHLQPDOHSDWLHQWVSUHVHQWGDWDGHPRQVWUDWHGPRUHSURQRXQFHG
FHUHEUDOG\VIXQFWLRQVLQPDOHSDWLHQWV+HQFHSRVVLEOHJHQGHUGLIIHUHQFHV
KDYHWREHWDNHQLQWRDFFRXQWLQIXWXUHI05,VWXGLHVRQVFKL]RSKUHQLDSD
WLHQWV
$FNQRZOHGJHPHQWV 7KLV ZRUN ZDV VXSSRUWHG E\ WKH *HUPDQ 5HVHDUFK
)RXQGDWLRQ ')* 6FKQ  DQG  WKH 5HVHDUFK &HQWUH -OLFK
DQGWKH)HGHUDO0LQLVWU\RI(GXFDWLRQDQG5HVHDUFK%UDLQ,PDJLQJ&HQWUH
:HVW*2
)&
3V\FKRWLF'LVRUGHUV
)&
(IIHFWVRI$OJRULWKP*XLGHG3URFHGXUHVRQ$QWLGHSUHVVDQW
7UHDWPHQW2XWFRPHVDQG*HQHWLF3UHGLFWRUVRI5HVSRQVHWR
/LWKLXP$XJPHQWDWLRQLQ,QSDWLHQWVZLWK0DMRU'HSUHVVLRQ
0D]GD$GOL
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\&KDULWp&DPSXV
0LWWH%HUOLQ*HUPDQ\
.DWMD:LHWKRII7KRPDV6WDPP'RURWKHD6FKORWK
7KRPDV%DJKDL+DQV-UJHQ0|OOHU-XOLD.LUFKKHLQHU
0LFKDHO%DXHU
2EMHFWLYHV0HGLFDWLRQDOJRULWKPVIRUWKHWUHDWPHQWRIGHSUHVVLRQDUHGH
VLJQHGWRRSWLPL]HERWKWUHDWPHQWLPSOHPHQWDWLRQDQGWKHDSSURSULDWHQHVV
RI WUHDWPHQW VWUDWHJLHV:LWKLQ WKH%HUOLQ$OJRULWKP3URMHFW SUHGLFWRUV RI
UHVSRQVHWRGLIIHUHQWWUHDWPHQWVWUDWHJLHVFDQEHGHWHUPLQHG
0HWKRGV7KH*HUPDQ$OJRULWKP3URMHFWLVDPXOWLVWHSSURMHFWZKLFKDLPV
DWHYDOXDWLQJWKHHIIHFWLYHQHVVDFFHSWDQFHDQGHI¿FLHQF\RIV\VWHPDWLFDOJR
ULWKPVIRUWKHWUHDWPHQWRILQSDWLHQWVZLWKPDMRUGHSUHVVLYHGLVRUGHUV
5HVXOWV 7KH ¿UVW RSHQ SURVSHFWLYH REVHUYDWLRQDO SKDVH RI WKH SURMHFW
VKRZHGPRGHUDWHDFFHSWDQFHEXWJRRGFOLQLFDOHIIHFWLYHQHVVRIDVWDQGDUG
L]HGVWHSZLVHGUXJWUHDWPHQWUHJLPHQ6675IRUPDMRUGHSUHVVLYHGLVRUGHU
7KH VHFRQG SURMHFW SKDVHZDV D SURVSHFWLYH UDQGRPL]HG FRQWUROOHG FOLQL
FDO WULDOZKLFK GHPRQVWUDWHG D VLJQL¿FDQW RYHUDOO VXSHULRULW\ RI DQ 6675
FRPSDUHGWRVWDQGDUGWUHDWPHQWDVXVXDO6787KHSUHVHQWWKLUGDQG¿QDO
SKDVHRIWKHSURMHFWZKLFKLVUHDOL]HGZLWKLQWKH*HUPDQ5HVHDUFK1HWZRUN
RQ'HSUHVVLRQFRPSDUHVWKUHHGLIIHUHQW6675VZLWKDFRPSXWHUL]HGFOLQLFDO
GDWDEDVH DQGH[SHUW V\VWHP &'(6 DQGZLWK VWDQGDUG WUHDWPHQW DVXVXDO
678 LQD¿YHDUPSURVSHFWLYH ORQJLWXGLQDOSDUDOOHOJURXSPXOWLFHQWHU
DSSURDFK
/LWKLXPDXJPHQWDWLRQDIWHUDQDQWLGHSUHVVDQWPRQRWKHUDS\KDVIDLOHGVKRZV
IDYRXUDEOHHIIHFWVZLWKLQDQ6675*HQRW\SLQJRIWKHSURPRWHUUHJLRQRIWKH
VHURWRQLQWUDQVSRUWHU6(57VKRZVDVXSHULRUWUHDWPHQWRXWFRPHWROLWKLXP
DXJPHQWDWLRQLQ6675LQSDWLHQWVZLWKUHIUDFWRU\GHSUHVVLRQZKRDUHKRPR
F\JRXVFDUULHUVRIWKHVKRUWVDOOHOHRI6(57FRPSDUHGWROORUVOFDUULHUV
7KHDVVRFLDWLRQEHWZHHQJHQHWLFSRO\PRUSKLVPVRI73+DQGUHVSRQVHWR
OLWKLXPDXJPHQWDWLRQWUHDWPHQWZLWKLQ6675DZDLWVIXUWKHUDQDO\VLV
&RQFOXVLRQV$OJRULWKP JXLGHG WUHDWPHQW SURFHGXUHVPD\ HQKDQFH WUHDW
PHQWRXWFRPHDQGWUHDWPHQWHI¿FLHQF\LQLQSDWLHQWVZLWKGHSUHVVLRQ:LWKLQ
DQDOJRULWKPJXLGHGWUHDWPHQWJHQHWLFSUHGLFWRUVWUHDWPHQWUHVSRQVHHJWR
OLWKLXPDXJPHQWDWLRQPD\PRGLI\WKHDSSOLHGDOJRULWKPJXLGHGVWUDWHJLHV
5HIHUHQFHV
$GOL05XVK$-0|OOHU+-%DXHU0$OJRULWKPVIRU2SWLPL]LQJ
WKH7UHDWPHQWRI'HSUHVVLRQ0DNLQJWKH5LJKW'HFLVLRQDWWKH5LJKW7LPH
3KDUPDFRSV\FKLDWU\>VXSSO@
$GOL0:LHWKRII.%DJKDL7%DXHU0$OJRULWKPXVJHVWW]WH%H
KDQGOXQJVWDWLRQlUHU3DWLHQWHQPLWGHSUHVVLYHQ(UNUDQNXQJHQGDV%HUOLQHU
$OJRULWKPXVSURMHNW,Q%DXHU0%HUJK|IHU$$GOL0+UVJ7KHUDSLHU
HVLVWHQWH'HSUHVVLRQHQ6SULQJHU+HLGHOEHUJ%HUOLQ
)&
)URQWRVWULDWDO$FWLYDWLRQLQ6FKL]RSKHQLD3DWLHQWVDQG&RQWURO
3DUWLFLSDQWVGXULQJ0D]H6ROXWLRQ$QI05,6WXG\
%HUQG*DOOKRIHU
&HQWUHIRU3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\RI*LHVVHQ
*HUPDQ\
&KULVWLQH(VVOLQJHU+DUDOG*UXSSH3HWHU'DQRV-RFKHQ%UROO
-|UJ:LOWLQN3HWHU.LUVFK
2EMHFWLYHV 6ROYLQJPD]HV UHTXLUHV FRPSOH[ FRJQLWLYH IXQFWLRQV VXFK DV
ZRUNLQJPHPRU\ VHTXHQFLQJ DQG SODQQLQJ RI DFWLRQV IXQFWLRQV WKDW DUH
NQRZQ WREHGLVWXUEHG LQVFKL]RSKUHQLD*HQHUDOO\ VFKL]RSKUHQLDSDWLHQWV
QHHGPRUHWLPHDQGVROYHPD]HVOHVVDFFXUDWHO\WKDQKHDOWK\FRQWUROV.ULHJ
HUHWDO+HUHZHH[DPLQHGZKHWKHUWKHVHGLIIHUHQFHVLQSHUIRUPDQFH
DUHUHÀHFWHGLQGLIIHUHQWLDOFHUHEUDODFWLYDWLRQLQVFKL]RSKUHQLFSDWLHQWVDQG
DKHDOWK\FRQWUROJURXS
0HWKRGV'60,9VFKL]RSKUHQLDSDWLHQWVDQGKHDOWK\FRQWURO VXE
MHFWVZHUH VWXGLHGZLWK I05,7*(6LJQDZKLOH WKH\ VROYHG DPD]H
WDVN6FDQQLQJSDUDPHWHUVZHUH(FKRSODQDULPDJLQJ75PV7(
PVVOLFHV)29[FPPDWUL[[YR[HOV$OOVXEMHFWVZHUHPDOH
DQGULJKWKDQGHGDQGWKHWZRJURXSVZHUHPDWFKHGE\DJH$OOSDWLHQWVZHUH
WUHDWHGZLWKDW\SLFDODQWLSV\FKRWLFVDWWKHWLPHRIWKHVWXG\
7KHPD]HWDVNZDVSUHVHQWHGLQDEORFNGHVLJQZLWKWKUHHFRQGLWLRQVDOWHU
QDWLQJ WKHPD]H WDVND WUDFNLQJ WDVNDVDFRQWUROFRQGLWLRQDQGD UHVWLQJ
FRQGLWLRQ
5HVXOWV%HKDYLRUDOGDWDVKRZHGDVLJQL¿FDQWO\LQFUHDVHGSURFHVVLQJWLPH
LQWKHVFKL]RSKUHQLDJURXS7KHUHZDVQRGLIIHUHQFHLQWKHQXPEHURIHUURUV
EHWZHHQWKHWZRJURXSV$QDO\VLQJWKHPD]HWDVNYHUVXVWKHUHVWLQJFRQGL
WLRQLQWKHZKROHVDPSOHWKHUHZDV
DFWLYDWLRQLQWKHRFFLSLWDOFRUWH[%$DQGSUHFXQHXV%$VXSSOH
PHQWDU\PRWRUDUHD60$%$LQVXODUFRUWH[EDVDOJDQJOLDDQGWKDODPXV
ELODWHUDOO\:KHQFRPSDUHGWRWKHWUDFNLQJWDVNWKHPD]HWDVNHOLFLWHGPRUH
DFWLYDWLRQLQWKHOHIWWKDQWKHULJKW'/3)FRUWH[DQGWKHUHZDVQRPRUHVLJ
QL¿FDQWDFWLYDWLRQRIWKHWKDODPXV7KHJURXSFRPSDULVRQUHYHDOHGUHGXFHG
DFWLYDWLRQRI WKH ULJKW'/3)FRUWH[ %$DQG WKHFDXGDWHQXFOHXV LQ WKH
VFKL]RSKUHQLF JURXS GXULQJPD]H VROXWLRQ+RZHYHU OHIWVLGHG SUHIURQWDO
DFWLYDWLRQZDVVROHO\REVHUYHGLQWKHVFKL]RSKUHQLDJURXS)XUWKHUPRUHWKH
ULJKWVLGHGSUHIURQWDODFWLYDWLRQFRUUHODWHGSRVLWLYHO\ZLWKSURFHVVLQJVSHHG
DQGTXDOLW\LQDOOVXEMHFWVZKHUHDVWKHUHZDVDSRVLWLYHFRUUHODWLRQRI WKH
OHIW'/3)FRUWH[DFWLYDWLRQZLWKWKHQXPEHURIHUURUV
&RQFOXVLRQV0D]HWDVNVDFWLYDWHDFHUHEUDOSDWWHUQWKDWLQYROYHWKHNQRZQ
QHWZRUNRIYLVXRVSDFLDOSURFHVVLQJDVZHOODVSUHIURQWDOUHJLRQVELODWHUDOO\
:KHUHDVWKHKHDOWK\FRQWUROVVKRZHGWKHH[SHFWHGULJKWVLGHG'/3)FRUWH[
ODWHUDOLVDWLRQ WKHUH ZDV DV UHYHUVDO LQ ODWHUDOLVDWLRQ LQ WKH VFKL]RSKUHQLD
JURXS WKDWGLGFRUUHODWHZLWKDGHFUHDVHGDFFXUDF\LQWKHPD]HWDVN7KLV
¿QGLQJ H[FHHGV WKH SRVWXODWHG GHFUHDVH LQ ODWHUDOLVDWLRQ LQ VFKL]RSKUHQLD
DQGLQGLFDWHVWKHLPSOLFDWLRQRIGLIIHUHQWDQGOHVVHIIHFWLYHFRJQLWLYHSURF
HVVHVGXULQJPD]HVROXWLRQ
5HIHUHQFHV
.ULHJHU6/LV6*DOOKRIHU%&RJQLWLYHVXESURFHVVHVDQGVFKL]R
SKUHQLD%0D]HWDVNV$FWD3V\FKLDWU6FDQG6XSSO
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$Q,QVROXEOH3URWHLQ'HILQHVD%LRORJLFDO0DUNHUIRU
6FKL]RSKUHQLD
&DUVWHQ.RUWK
,QVWLWXWHIRU1HXURSDWKRORJ\+HLQULFK+HLQH8QLYHUVLW\RI'V
VHOGRUI*HUPDQ\
,QJULG3ULNXOLV5XWJHU/HOLYHOG
2EMHFWLYHV1HXURQDOG\VIXQFWLRQFDXVHVGLI¿FXOWLHVLQPDLQWDLQLQJWKH¿QH
EDODQFH EHWZHHQ FRUUHFW SURWHLQ V\QWKHVLV LWV TXDOLW\ FRQWURO WUDI¿FNLQJ
DQGUDSLGGHJUDGDWLRQ$VDUHVXOWPLVIROGHGRUPLVSURFHVVHGSURWHLQVDF
FXPXODWHLQG\VIXQFWLRQDOQHXURQV,QDQH[WUHPHFDVHLQWKHFODVVLFDOQHX
URGHJHQHUDWLYHGLVHDVHVWKHVHSURWHLQVIRUPHLWKHUPLFURVFRSLFDJJUHJDWHV
RUPRUHVXEWOHLQFOXVLRQVWKDWDUHRQO\YLVLEOHZKHQVWDLQHGZLWKDSSURSULDWH
DQWLERGLHV:H ZHUH LQWHUHVWHG LQ LGHQWLI\LQJ PLVIROGHG RU PLVSURFHVVHG
SURWHLQVLQSDWLHQWVZLWKVFKL]RSKUHQLDDVELRORJLFDOPDUNHUV
0HWKRGV6KRFNIUR]HQEUDLQVDPSOHVIURPSDWLHQWVZLWKVFKL]RSKUHQLDSUR
YLGHGE\WKH6WDQOH\0HGLFDO5HVHVDUFK,QVWLWXWH605,%DOWLPRUH86$
ZHUHSRROHGKRPRJHQL]HG WKHLQVROXEOHSURWHRPHELRFKHPLFDOO\LVRODWHG
DQG XVHG WR LPPXQL]HPLFH+\EULGRPD FHOOVZHUH REWDLQHG E\ VWDQGDUG
WHFKQLTXHVDQGVFUHHQHGIRUVSHFL¿FUHFRJQLWLRQRIWKHLQVROXEOHSURWHRPH
RISRROHGVFKL]RSKUHQLDEUDLQVYVQRUPDOFRQWUROEUDLQV
5HVXOWV:H UHSRUW RQ RQHPRQRFORQDO DQWLERG\ P$% WKDW FRQVLVWHQWO\
GLVWLQJXLVKHG VFKL]RSKUHQLD EUDLQ SRROV IURP QRUPDO FRQWURO EUDLQ SRROV
:KHQ SUREHG RQ D WKH&RQVRUWLXP FROOHFWLRQ RI WKH 605, WKDW KDG EHHQ
ELRFKHPLFDOO\IUDFWLRQDWHGVXFKDVWRUHWDLQRQO\WKHLQVROXEOHSURWHRPHD
VXEJURXSRIVFKL]RSKUHQLDFDVHVGLVSOD\HG LPPXQRUHDFWLYLW\ WR WKHP$%
$ VSHFL¿F SDWWHUQ RI LPPXQRUHDFWLYLW\ UHFRJQL]HG VFKL]RSKUHQLD EUDLQV
YV QRUPDO FRQWUROV ZLWK KLJK VWDWLVWLFDO VLJQL¿FDQFH S  3HDUVRQ
&KL6TXDUH
&RQFOXVLRQV3UHVHQFHRIDQ LQVROXEOHSURWHLQGH¿QHGE\DVSHFL¿FP$%
FDQEH XVHG WR LGHQWLI\ EUDLQVZLWK VFKL]RSKUHQLD:KHWKHU WKHP$%FDQ
DOVR EH XVHG WR LGHQWLI\ VFKL]RSKUHQLF SDWLHQWV LQ DQ DQWHPRUWHP WHVW LV
FXUUHQWO\LQYHVWLJDWHG
)&
'\VGLDGRFKRNLQHVLDLQ6FKL]RSKUHQLF3DWLHQWV
$OEHUW3XW]KDPPHU
8QLYHUVLW\+RVSLWDO5HJHQVEXUJ*HUPDQ\
0DULD3HUIDKO/LDQH3IHLII*RHUDQ+DMDN+HOPIULHG(.OHLQ
2EMHFWLYHV DQG 0HWKRGV '\VGLDGRFKRNLQHVLD LV D UHJXODUO\ UHSRUWHG
V\PSWRPLQVFKL]RSKUHQLFSDWLHQWV,QWKHVWXG\PRWRUSDUDPHWHUVRIIRUH
DUP GLDGRFKRNLQHVLD ZHUH HYDOXDWHG LQ  GUXJQDwYH  FRQYHQWLRQDOO\
WUHDWHGDQGDW\SLFDOO\WUHDWHGSDWLHQWVDVZHOODVLQKHDOWK\FRQWUROV
E\XVHRIDQXOWUDVRQLFPRYHPHQWDQDO\VLVV\VWHP
5HVXOWV$PSOLWXGHDQGSHDNYHORFLW\RIGLDGRFKRNLQHWLFKDQGPRYHPHQWV
ZHUH VLJQL¿FDQWO\ UHGXFHG LQ DOO SDWLHQWJURXSV FRPSDUHG WR WKH FRQWUROV
ZKLOH IUHTXHQF\ RI WKH UHSHWLWLYH PRYHPHQW UHPDLQHG XQDIIHFWHG 7KH
UHGXFWLRQZDVPRVW SURQRXQFHG LQ WKH FRQYHQWLRQDOO\ WUHDWHG SDWLHQWV ,Q
DGGLWLRQSHDNDFFHOHUDWLRQ DQGPRYHPHQW DXWRPDWLRQZHUH LPSDLUHGEXW
RQO\XQGHUFRQYHQWLRQDODQLWSV\FKRWLFWUHDWPHQW
&RQFOXVLRQV5HVXOWVLQGLFDWHWKDWSDWLHQWVZLWKVFKL]RSKUHQLDVXIIHUIURP
DVSHFL¿FSULPDU\PRWRUGH¿FLWZKLFKLVVLJQL¿FDQWO\ZRUVHQHGE\FRQYHQ
WLRQDODQWLSV\FKRWLFWUHDWPHQW
5HIHUHQFHV
+HUPVGRUIHU- 0DUTXDUGW& :DFN6 DQG 0DL1  &RPSDUDWLYH
DQDO\VLV RI GLDGRFKRNLQHWLFPRYHPHQWV -(OHFWURP\RJU.LQHVLRO  

3XW]KDPPHU$ +HLQGO% %UROO. 3IHLII/ 3HUIDKO0 DQG +DMDN*
6SDWLDODQGWHPSRUDOSDUDPHWHUVRIJDLWGLVWXUEDQFHVLQVFKL]RSKUHQLF
SDWLHQWV6FKL]RSKU5HV
7LJJHV3 0HUJO5 )URGO7 0HLVHQ]DKO(0 *DOOLQDW- 6FKURWHU$
5LHGHO00XOOHU10ROOHU+-DQG+HJHUO8'LJLWL]HGDQDO\VLV
RIDEQRUPDOKDQGPRWRUSHUIRUPDQFHLQVFKL]RSKUHQLFSDWLHQWV6FKL]RSKU
5HV
)&
1HZ'LDJQRVWLFDQG7UHDWPHQW$SSURDFKHVWR6FKL]RSKUHQLD
ZLWK2EVHVVLYH&RPSXOVLYH6\PSWRPV
,O\D5H]QLN
3V\FKLDWU\'LYLVLRQ+HU]RJ0HPRULDO+RVSLWDODI¿OLDWHGWR
+DGDVVDK0HGLFDO6FKRRO+HEUHZ8QLYHUVLW\-HUXVDOHP,VUDHO
0LOD5H]QLN$EUDKDP:HL]PDQ
2EMHFWLYHV2EVHVVLYHFRPSXOVLYH2&V\PSWRPVKDYHEHHQREVHUYHGLQ
DVXEVWDQWLDOSURSRUWLRQRIVFKL]RSKUHQLFSDWLHQWV:HDUHGLVWLQJXLVKWKUHH
PDLQVXEJURXSVRIWKHVHSDWLHQWVWKRVHZKRPHWIXOOFULWHULDIRU2&'EH
IRUHWKHRQVHWRIVFKL]RSKUHQLFSURFHVVVRFDOOHG³2&'VFKL]RSKUHQLD´
WKRVHZKREHJDQWRH[KLELW2&V\PSWRPVDURXQGWKHRXWEUHDNLHLQSUR
GURPDOSKDVHRUDWDQ\WLPHGXULQJWKHFRXUVHRIVFKL]RSKUHQLDVRFDOOHG
³VFKL]RREVHVVLYHGLVRUGHU´VFKL]RSKUHQLFSDWLHQWVKDYLQJWUDQVLHQW2&
V\PSWRPV RQ GLIIHUHQW VWDJHV RI WKHLU GLVHDVH RU XQGHU VSHFL¿F FLUFXP
VWDQFHV >LQIHFWLRQV LH VWUHSWRFRFFDO LDWURJHQLF LH XQGHU VRPH DW\SLFDO
DQWLSV\FKRWLF DJHQWV $$$V HWF@ 'LIIHUHQW HWLRSDWKRORJLFDO RULJLQV RI
2&V\PSWRPVPDNHWKLVW\SHRIVFKL]RSKUHQLDWREHDKHWHURJHQHRXVHQWLW\
LQSKHQRPHQRORJLFDODVZHOODVLQWKHUDSHXWLFDVSHFWV7KHFRPSOH[QDWXUH
RI WKH WUHDWPHQW UHVSRQVH LQ WKLVJURXSRI VFKL]RSKUHQLFSDWLHQWV LVDV\HW
XQFOHDU+HUHZHSUHVHQWRXUPRGHORIWKHFOLQLFDOW\SRORJ\RIVFKL]RSKUHQLD
ZLWK SURPLQHQW 2& V\PSWRPDWRORJ\ DQG VRPH SRVVLEOH SUHGLFWRUV RI UH
VSRQVHRI2&DQGVFKL]RSKUHQLDV\PSWRPVRQ$$$VDGPLQLVWUDWLRQ
0HWKRGV:H SUHVHQW D FDVH VHULHV VWXG\ GHVFULEHV RXU H[SHULHQFH ZLWK
FOR]DSLQHQ ULVSHULGRQHQ RODQ]DSLQHQ TXHWLDSLQHQ 
DQG ]LSUD]LGRQH Q  DV D VROH DJHQWV Q  DQG LQ FRPELQDWLRQZLWK
VHURWRQLQ UHXSWDNH LQKLELWRUV 65,V FORPLSUDPLQH Q  ÀXYR[DPLQH
Q  ÀXR[HWLQH Q  SDUR[HWLQH Q  FLWDORSUDP Q  VHUWUDOLQH
Q  LQ SDWLHQWV ZLWK 2&'VFKL]RSKUHQLD Q  DQG VFKL]RREVHVVLYH
GLVRUGHUQ 
5HVXOWV,QSDWLHQWVZLWK2&'VFKL]RSKUHQLDWUHDWPHQWZLWK$$$VRWKHU
WKDQ FOR]DSLQH WKH EHWWHU UHVXOWV VLJQL¿FDQW UHGXFWLRQ RI2& DVZHOO DV
VFKL]RSKUHQLD V\PSWRPVZHUHDFKLHYHG LQ FRPELQDWLRQZLWK65,VZKLOH
WKHRODQ]DSLQHVKRZHGWKHIDVWHVWRYHUDOOLPSURYHPHQW,QVFKL]RREVHVVLYH
SDWLHQWV WUHDWPHQWZLWK$$$V LQFOXGLQJ FOR]DSLQH DVPRQRWKHUDS\ZDV
WKHEHWWHUWKHUDSHXWLFPRGDOLW\DQGWKHULVSHULGRQHVKRZHGWKHEHVWUHVXOWV
4XHWLDSLQHDQG]LSUD]LGRQHDVVROHDJHQWVDQGZLWK65,VZHUHVKRZQDV
DSSUR[LPDWHO\ HTXDO LQ WKHLU DQWLSV\FKRWLF DQG DQWLREVHVVLYH DFWLYLW\ DQG
RYHUDOOVDIHW\
&RQFOXVLRQV$$$VKDGEHHQUHSRUWHGDVLQGXFLQJGHQRYRRUH[DFHUEDWLQJ
WKH SUHH[LVWLQJ 2& V\PSWRPV LQ VRPH VFKL]RSKUHQLD SDWLHQWV +RZHYHU
WKHUH DUH DOVR VRPH GDWD RQ D SRVLWLYH HIIHFW RI$$$V LQ VFKL]RSKUHQLD
SDWLHQWVZLWK2& V\PSWRPDWRORJ\ DQGRXU¿QGLQJV DUH LQ OLQHZLWK WKHVH
UHSRUWV0HDQZKLOH WKH HIIHFWVRIGLIIHUHQW$$$V ZLWKRUZLWKRXW65,V
RQSV\FKRWLFDQG2&V\PSWRPVDUHYDU\SUREDEO\GXH WRGLIIHUHQWRULJLQ
RI2&V\PSWRPV%DVHGRQRXUPRGHORIWKHFOLQLFDOW\SRORJ\RI2&V\PS
WRPVLQVFKL]RSKUHQLDZHVXJJHVWWKDWVFKL]RREVHVVLYHSDWLHQWVPLJKW
EHVXFFHVVIXOO\WUHDWHGZLWK$$$VDORQHLQ2&'VFKL]RSKUHQLD$$$V
PRQRWKHUDS\PD\EHOHVVHI¿FLHQWDQGLQVRPHFDVHVHYHQPD\ZRUVHQ2&
V\PSWRPVVRLWVKRXOGEHWUHDWHGFRQFRPLWDQWO\ZLWK65,V)XUWKHULQYHVWL
JDWLRQVDUHQHHGHGWRVXEVWDQWLDWHRXUREVHUYDWLRQVDQGWRHODERUDWHWKHPRVW
HIIHFWLYHDQGVDIHWKHUDSHXWLFDSSURDFKHVWRWKHVHGLI¿FXOWWRWUHDWJURXS
5HIHUHQFHV
/\NRXUDV/$OHYL]RV%0LFKDORSRXORX35DEDYLODV$2EVHVVLYHFRP
SXOVLYHV\PSWRPVLQGXFHGE\DW\SLFDODQWLSV\FKRWLFV3URJ1HXURSV\FKRS
KDUPDFRO%LRO3V\FKLDWU\±
3R\XURYVN\0:HL]PDQ$:HL]PDQ52EVHVVLYHFRPSXOVLYHGLVRUGHU
LQVFKL]RSKUHQLDSDWLHQWV&16'UXJV±
5H]QLN ,<DYLQ , 6WU\MHU56SLYDN%*RQHQ1.RWOHU06WURXV5
:HL]PDQ$&OR]DSLQHLQWKHWUHDWPHQWRIREVHVVLYHFRPSXOVLYHV\PSWRPV
LQVFKL]RSKUHQLDSDWLHQWV3KDUPDFRSV\FKLDWU\
&REE¬#OMMUNICATIONS

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
)&
$IIHFWLYH'LVRUGHUV
)&
+HWHURJHQHLW\RI/LQNDJH5HVXOWVLQ%LSRODU'LVRUGHU
0DUWLQ$OGD
'DOKRXVLH8QLYHUVLW\&DQDGD
,ULV-DLWRYLWFK*URLVPDQ*XVWDYR7XUHFNL3DXO*URI$QQH'XII\
$QJXV%HFN7RPDV+DMHN*X\$5RXOHDX
2EMHFWLYHV$WWHPSWV WR LGHQWLI\ VXVFHSWLELOLW\ JHQHV IRU ELSRODU GLVRUGHU
%'KDYHEHHQSDUWLDOO\VXFFHVVIXOE\UHSOLFDWLQJSRVLWLYHUHVXOWVLQVHYHUDO
FKURPRVRPDOUHJLRQV0RUHRYHULWDSSHDUVWKDWWKHSKHQRW\SLFFKDUDFWHUL
]DWLRQRISUREDQGVDQGWKHLUUHODWLYHVPD\FRQWULEXWHWRDEHWWHULQWHUSUHWD
WLRQRIOLQNDJH¿QGLQJV)RULQVWDQFHVHYHUDOVWXGLHVRI%'ZLWKSV\FKRWLF
IHDWXUHVSRLQWWRWKHVDPHFKURPRVRPDOUHJLRQVDVVWXGLHVRIVFKL]RSKUHQLD
2QWKHRWKHUKDQGVWXGLHVRI%',,IDPLOLHVZLWKPRRGODELOLW\DQGFRPRUELG
SDQLFGLVRUGHUVXJJHVWHGOLQNDJHLQT)LQDOO\SDWLHQWVIXOO\VWDELOL]HGRQ
ORQJWHUPOLWKLXPDSSHDUWRUHSUHVHQWDQRWKHUGLVWLQFWVXEJURXSRI%'
0HWKRGV:HKDYHFRQGXFWHGDIROORZXSJHQRPHVFDQLQZKLFKZHH[DP
LQHG WKH OLQNDJHRI%'WRD WRWDORIPDUNHUVVSDFHGDWDSSUR[LPDWHO\
F07KHFOLQLFDOVDPSOHFRQVLVWHGRIIDPLOLHVZLWKDWRWDORIVXE
MHFWVDIIHFWHGZLWK%'RUUHFXUUHQW8'7KHSUREDQGVDOOUHVSRQGHG
WR OLWKLXPPRQRWKHUDS\7KHGDWDKDYHEHHQDQDO\]HGE\VHYHUDOPHWKRGV
LQFOXGLQJWKHORGVFRUHDQG13/DQDO\VHV
5HVXOWV6LPLODUWRRXUSUHYLRXVVWXG\7XUHFNLHWDOZHKDYHGHWHFWHG
PRGHUDWHHYLGHQFHRIOLQNDJHLQSDQGTUHJLRQV2QWKHRWKHUKDQGZH
KDYHQRWIRXQGVXSSRUWIRUOLQNDJHRQTDQGTWKDWZDVVXJJHVWHGE\RXU
¿UVWVWXG\,QDGGLWLRQZHREWDLQHGVXJJHVWLYHUHVXOWVLQTDQGTUHJLRQV
ERWKUHSRUWHGE\VHYHUDORWKHUJURXSV,QDJUHHPHQWZLWKRXUK\SRWKHVLVWKH
OLQNDJHUHVXOWVZHUHQHJDWLYHIRUWKHORFLLPSOLFDWHGLQSV\FKRWLFIRUPVRI
WKHLOOQHVVTDQGTDVZHOODVLQ%',,ZLWKPRRGODELOLW\T
&RQFOXVLRQV2XUGDWDDGGWRWKHYLHZRI%'DVDKHWHURJHQHRXVFRQGLWLRQ
DVVRFLDWHGZLWKPXOWLSOHVXVFHSWLELOLW\ORFL7KHLQGLYLGXDOVXEJURXSVRI%'
PD\EHLGHQWL¿HGE\FDUHIXOFOLQLFDODVVHVVPHQWV
5HIHUHQFHV
7XUHFNL*HWDO0DSSLQJVXVFHSWLELOLW\JHQHVIRUELSRODUGLVRUGHUD
SKDUPDFRJHQHWLFDSSURDFKEDVHGRQH[FHOOHQWUHVSRQVHWROLWKLXP0ROHFX
ODU3V\FKLDWU\
)&
5HODWLRQVKLSEHWZHHQ$Q[LHW\DQG'HSUHVVLRQDPRQJ
8QGHUJUDGXDWH6WXGHQWV
$OL$VJKDU%D\DQL
,VODPLF$]DG8QLYHUVLW\,UDQ
2EMHFWLYHV7KHUH LV V\VWHPDWLF DQG TXDQWLWDWLYH HYLGHQFH WKDW DQ[LHW\ LV
DVVRFLDWHGZLWKGHSUHVVLRQ7KHSXUSRVHRIWKHSUHVHQWVWXG\ZDVWRH[DP
LQH WKHUHODWLRQVKLSEHWZHHQDQ[LHW\DQGGHSUHVVLRQDPRQJXQGHUJUDGXDWH
VWXGHQWV
0HWKRGV 3DUWLFLSDQWV ZHUH  XQGHUJUDGXDWH VWXGHQWV RI ,VODPLF$]DG
XQLYHUVLW\RI$]DGVKDKULQ,UDQ7KHPHDQDJHRIWKHSDUWLFLSDQWVZDV
\HDUV6' DQGDJHVUDQJHGIURPWR\HDUVROG7KHUHZHUH
PHQDQGZRPHQ0HDVXUHV$OOSDUWLFLSDQWVFRPSOHWHGDTXHVWLRQQDLUH
ERRNOHWFRQWDLQLQJWZRVHOIUHSRUWPHDVXUHV7KH%HFN'HSUHVVLRQ,QYHQ
WRU\%',%HFN6WHHUHWDODQG7KH6SLHOEHUJHU6WDWH7UDLW$Q[LHW\
,QYHQWRU\67$,6SLHOEHUJHU
5HVXOWV7KH UHVXOWVRI WKHSUHVHQW VWXG\GHPRQVWUDWH WKDW &RUUHODWLRQ
EHWZHHQ DQ[LHW\ DQG VWXGHQWµV GHSUHVVLRQ LVPHDQLQJIXO DQGSRVLWLYH U 
 S &RUUHODWLRQ EHWZHHQ IHPDOH VWXGHQWVµ GHSUHVVLRQ DQG
DQ[LHW\ LV U S&RUUHODWLRQEHWZHHQPDOH VWXGHQWVµGH
SUHVVLRQDQGDQ[LHW\LVU S
&RQFOXVLRQV7KHSUHVHQWVWXG\UHYHDOHGWKDWDPRUHDQ[LHW\LVDVVRFLDWHG
ZLWKDKLJKOHYHORIVHOIUHSRUWHGGHSUHVVLRQ7KLVUHVHDUFKVXSSRUWHGSUHYL
RXVOLWHUDWXUHµV¿QGLQJVWKDWDQ[LHW\LVUHODWHGWRGHSUHVVLRQ
5HIHUHQFHV
%HFN$76WHHU5$	*DUELQJ0*3V\FKRPHWULFSURSHUWLHVRI WKH
%HFN'HSUHVVLRQ,QYHQWRU\7ZHQW\¿YH\HDUVRIHYDOXDWLRQ&OLQLFDO3V\
FKRORJ\5HYLHZSS
6SHLOEHUJHU&'0DQXDOIRUWKH6WDWH7UDLW$Q[LHW\,QYHQWRU\)RUP
<3DOR$OWR&$&RQVXOWLQJ3V\FKRORJLVWV3UHVV
)&
2ODQ]DSLQHYHUVXV/LWKLXPLQWKH0DLQWHQDQFH3KDVHRI
7UHDWPHQWIRU%LSRODU'LVRUGHULQ*HUPDQ\$0DUNRY
(FRQRPLF$QDO\VLV
$QGUHDV(UIXUWK
%H]LUNVNUDQNHQKDXV$XJVEXUJ*HUPDQ\
3HWHU+XGVRQ-RKDQQHV&ORXWK

2EMHFWLYHV7RFRPSDUH WKHFRVWV DQGFRQVHTXHQFHV QXPEHURI DIIHFWLYH
HSLVRGHVRIWZRWUHDWPHQWVWUDWHJLHVRODQ]DSLQHPRQRWKHUDS\DQGOLWKLXP
GXULQJWKHPDLQWHQDQFHSKDVHRIWUHDWPHQWIRUELSRODUGLVRUGHULQ*HUPDQ\
0HWKRGV $ PRQWK 0DUNRY VLPXODWLRQ PRGHO ZLWK SDUDPHWHU YDOXHV
WDNHQ IURP D UDQGRPLVHG FOLQLFDO WULDO D UHWURVSHFWLYH FKDUW UHYLHZ RI
SDWLHQWVDQDQDO\VLVRIXQLWFRVWVGUDZQIURPWKHSXEOLVKHG OLWHUDWXUHDQG
H[SHUWLVHGUDZQIURPDSDQHORI*HUPDQSV\FKLDWULVWV
5HVXOWV7KHWRWDODYHUDJHWUHDWPHQWFRVWVSHUSDWLHQWDUH¼IRUWKH
RODQ]DSLQHPDLQWHQDQFHDUPDQG¼IRUOLWKLXP7KHWRWDOQXPEHURI
H[SHFWHGDIIHFWLYHHSLVRGHVDUHIRURODQ]DSLQHDQGIRUOLWKLXP
$ WRWDO RI  GD\V LQ KRVSLWDOZLWK RODQ]DSLQHPDLQWHQDQFH DQG 
GD\VLQKRVSLWDOZLWKOLWKLXPPDLQWHQDQFHLVSUHGLFWHG
5HVXOWV IURPD0RQWH&DUOR DQDO\VLV VKRZQR VLJQL¿FDQW FRVW GLIIHUHQFHV
EHWZHHQWKHWZRRSWLRQVEXWRODQ]DSLQHGHPRQVWUDWHVDFRQVLVWHQWO\ORZHU
QXPEHURIDIIHFWLYHHSLVRGHVWKH&,¶VDUHVLPLODUEXWWKLVPD\EHH[
SHFWHGVLQFHSDWLHQWVPD\RQO\H[SHULHQFHDQLQWHJHUQXPEHURIHSLVRGHV
,QLQGLYLGXDO0RQWH&DUORµZDONV¶RODQ]DSLQHLVWKHPRVWH[SHQVLYHRSWLRQ
LQ  WR RI LQGLYLGXDOZDONV HYHQ WKRXJK WKH DYHUDJH FRVWV RI
WKH WZR UHJLPHV DUH VLPLODU7KLV LV EHFDXVH IRUPDQ\ FDVHV QR DIIHFWLYH
HSLVRGHV ZLOO EH VHHQ EXW WKH KLJKHU PDLQWHQDQFH FRVWV DWWDFKHG WR WKH
RODQ]DSLQHUHJLPHZLOOVWLOOEHLQFXUUHGZKLOVWWKHUHDUHPRUHKLJKFRVWFDVHV
XQGHUWKHOLWKLXPUHJLPH2ODQ]DSLQHKDVOHVVDIIHFWLYHHSLVRGHVLQ
WRRILQGLYLGXDOZDONVOLWKLXPRQO\JLYHVOHVVDIIHFWLYHHSLVRGHVLQ
WRRIZDONV
&RQFOXVLRQV$ FRPSDULVRQRI OLWKLXPDQGRODQ]DSLQHPDLQWHQDQFHJLYHV
VLPLODUFRVWVDWUHQGWRZDUGVOHVVDIIHFWLYHHSLVRGHVDQGDPRYHPHQWLQWKH
FRVWEXUGHQIURPWKHWUHDWPHQWRIPDQLFHSLVRGHVWRWKHPDLQWHQDQFHFRVWV
RIWUHDWPHQW
)&
)DPLOLDOLW\RI6\PSWRP'LPHQVLRQVLQ0DQLD
0DUWLQ3UHLVLJ
3V\FKLDWULF8QLYHUVLW\'HSDUWPHQW/DXVDQQH6ZLW]HUODQG
6WHSKDQH5RWKHQ)UDQoRLV)HUUHUR
2EMHFWLYHV$VDGLPHQVLRQDOUDWKHUWKDQDFDWHJRULFDOGH¿QLWLRQRIDPDQLD
SKHQRW\SH PD\ EH D PRUH SURPLVLQJ DSSURDFK IRU WKH LGHQWL¿FDWLRQ RI
VXVFHSWLELOLW\JHQHV IRU ELSRODU GLVRUGHUZHSHUIRUPHGH[SORUDWRU\ IDFWRU
DQDO\VLV RQ D UDQJH RIPDQLF DQG FRQFRPLWDQW GHSUHVVLYH V\PSWRPV DQG
DQDO\]HG FRUUHODWLRQV RI LGHQWL¿HG V\PSWRP GLPHQVLRQV EHWZHHQ ELSRODU
SUREDQGVDQGWKHLUVLPLODUO\DIIHFWHG¿UVWGHJUHHUHODWLYHV
0HWKRGV$ FRQWUROOHG IDPLO\ VWXG\ KDV EHHQ FRQGXFWHG DW  6ZLVV VLWHV
LQFOXGLQJ SDWLHQWV VXIIHULQJ IURP ELSRODU GLVRUGHUV Q  XQLSRODU
GHSUHVVLRQ Q  DOFRKRO RU KHURLQ GHSHQGHQFH Q  DV ZHOO DV DOO
DYDLODEOH¿UVWGHJUHH UHODWLYHV Q $OOSDUWLFLSDQWVZHUHDVVHVVHGXV
LQJ WKH'LDJQRVWLF ,QWHUYLHZ IRU*HQHWLF6WXGLHV ',*67KH VDPSOH IRU
H[SORUDWRU\ IDFWRU DQDO\VLV ZDV FRPSULVHG RI WKH  VXEMHFWV ZKR PHW
FULWHULDIRU'60,9PDQLDRUK\SRPDQLDRUWKRVHIRUDVXEWKUHVKROGPDQLF
V\QGURPHDFFRUGLQJWRWKHGH¿QLWLRQVRI$QJVWHWDO)DFWRUDQDO\VLV
XVLQJYDULPD[URWDWLRQZDVFDUULHGRXWRQFODVVLFPDQLFV\PSWRPVDQG
V\PSWRPVUHODWHGWRG\VSKRULFPRRGDVUDWHGZLWKLQWKH',*6VHFWLRQRQWKH
ZRUVWPDQLFHSLVRGHDFURVVOLIHVSDQ$V',*6LWHPVDUHGLFKRWRPRXVXQ
ZHLJKWHGOHDVWVTXDUHV8/6UDWKHUWKDQWKHPD[LPXPOLNHOLKRRGPHWKRG
ZDVHPSOR\HG
5HVXOWV )RXU LQWHUSUHWDEOH IDFWRUV ZHUH LGHQWL¿HG  G\VSKRULF PRRG
 SV\FKRPRWRU SUHVVXUH  LUULWDEOH LQDWWHQWLRQ  SV\FKRVLV )RU HDFK
V\PSWRP JURXS D TXDQWLWDWLYH VFDOH ZDV FRQVWUXFWHG DQG WKH FRUUHODWLRQ
EHWZHHQ ELSRODU SUREDQGV DQG ¿UVWGHJUHH UHODWLYHV ZLWK D WKUHVKROG RU
&REE¬#OMMUNICATIONS

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
VXEWKUHVKROGELSRODUGLVRUGHUZDVFDOFXODWHGQ 7KHUHZDVDVLJQL¿FDQW
SRVLWLYH IDPLOLDO FRUUHODWLRQ RQO\ IRU WKH G\VSKRULF PRRG IDFWRU U 
S 7KLVFRUUHODWLRQZDVHYHQVWURQJHUZKHQWKHVDPSOHZDVUHVWULFWHG
WR SUREDQG ± UHODWLYH SDLUV H[KLELWLQJ IXOO EORZQ '60,9 PDQLD Q 
U S 
&RQFOXVLRQV 7KH UHVXOWV RI RXU IDFWRU DQDO\VLV XVLQJ D ODUJHU VDPSOH
SURYLGHVXSSRUWWKH¿UVWRXWRIPDQLDGLPHQVLRQVVXJJHVWHGE\&DVVLG\
HW DO  7KH VLJQL¿FDQW IDPLOLDO FRUUHODWLRQ RI WKH G\VSKRULF PRRG
GLPHQVLRQLVFRQVLVWHQWZLWKWKHSRVVLELOLW\WKDWELSRODUGLVRUGHUZLWKPL[HG
HSLVRGHVLVDWOHDVWDSDUWLDOO\GLVWLQFWFRQGLWLRQWKDWFRXOGDOVRKDYHDJHQHWL
FDOO\GLIIHUHQWEDFNJURXQG
5HIHUHQFHV
$QJVW-HWDO7RZDUGDUHGH¿QLWLRQRIVXEVWUHVKROGELSRODULW\HSL
GHPLRORJ\DQGSURSRVHGFULWHULDIRUELSRODU,,PLQRUELSRODUGLVRUGHUVDQG
K\SRPDQLD-$IIHFW'LVRUG
&DVVLG\HWDO$IDFWRUDQDO\VLVRIWKHVLJQVDQGV\PSWRPVRIPDQLD
$UFK*HQ3V\FKLDWU\
)&
7UHDWPHQWRI$SDWK\DQG'HSUHVVLRQLQWKH(OGHUO\1HZ
'LUHFWLRQV
-HURPH<HVDYDJH
6WDQIRUG8QLYHUVLW\6FKRRORI0HGLFLQH'HSDUWPHQWRI9HWHUDQ¶V
$IIDLUHV3DOR$OWR+HDOWK&DUH6\VWHP86$
%UHW6FKQHLGHU
6\QRSVLV7KHSXUSRVHRIWKLVWDONLVWRUHYLHZWKHSRWHQWLDOIRUQHZWUHDW
PHQWVIRUDSDWK\DQGGHSUHVVLRQLQWKH(OGHUO\
5HJDUGLQJ GHSUHVVLRQ WKHUH DUH PDQ\ DQWLGHSUHVVDQW WUHDWPHQWV WKDW DUH
FXUUHQWO\ DYDLODEOH DVZHOO DV WKH VRPDWLF WUHDWPHQW RI HOHFWURFRQYXOVLYH
WKHUDS\7UDQVFUDQLDO0DJQHWLF 6WLPXODWLRQ 706 KDV EHHQ VXJJHVWHG DV
DSRWHQWLDODOWHUQDWLYH WUHDWPHQW$PHWDDQDO\VLVRIDYDLODEOHVWXGLHVVXJ
JHVWHGWKDW706PD\EHHI¿FDFLRXV,WLVFXUUHQWO\XQGHUIXUWKHUVWXG\LQWKH
8QLWHG6WDWHV LQ WZR ODUJHVFDOHPXOWLVLWH FOLQLFDO WULDOV7KH'HSDUWPHQW
RI9HWHUDQ¶V$IIDLUVLVFRQVLGHULQJDQRWKHUPXOWLVLWHVWXG\WRGRFXPHQWLWV
HIIHFWLYHQHVV LQ SDWLHQWVZLWK GHSUHVVLRQ DVVRFLDWHGZLWK YDULRXV FRPRU
ELGLWLHVFRPPRQO\IRXQGLQYHWHUDQV7KHXVHRI706ZLOOEHUHYLHZHGDVD
SRWHQWLDOWUHDWPHQWIRUGHSUHVVLRQLQWKHHOGHUO\
5HJDUGLQJ DSDWK\ VHYHUDO WUHDWPHQWV KDYH EHHQ FRQVLGHUHG LQFOXGLQJ
GRSDPLQHDJRQLVWVDFHW\FKROLQHVWHUDVHLQKLELWRUVDQGPHPDQWLQHKRZHY
HUSDUWLFXODUO\DWWHQWLRQKDVIRFXVHGRQVWLPXODQWPHGLFDWLRQV$QH[WHQVLYH
OLWHUDWXUHH[LVWVUHJDUGLQJWKHXVHRIWKHVWLPXODQWDPSKHWDPLQHLQPLOLWDU\
DLUFUDIWSLORWVDVDFRXQWHUPHDVXUHLQKLJKIDWLJXHVLWXDWLRQV7KLVDYLDWLRQ
OLWHUDWXUHKDVQRZEHJXQWKHV\VWHPDWLFVWXG\RIPRGD¿QLO3URYLJLOZKLFK
LVDQDSSURYHGWUHDWPHQWIRUQDUFROHSV\LQWKHVHKLJKIDWLJXHDYLDWLRQVLWX
DWLRQV7KHXVHRIPRGD¿QLOZLOOEH UHYLHZHGDVDSRWHQWLDO WUHDWPHQW IRU
DSDWK\LQWKHHOGHUO\
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0DUWLQ-/5HWDO5HSHWLWLYHWUDQVFUDQLDOPDJQHWLFVWLPXODWLRQIRUWKHWUHDW
PHQWRIGHSUHVVLRQ6\VWHPDWLFUHYLHZDQGPHWDDQDO\VLV%ULWLVK-RXUQDORI
3V\FKLDWU\
&DOGZHOO-$HWDO(IIHFWVRQ6LPXODWRU3HUIRUPDQFHDQG0RRGLQ3LORWV
'XULQJ K ZLWKRXW VOHHS $YLDWLRQ 6SDFH DQG (QYLURQPHQWDO 0HGLFLQH

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7KHUDSHXWLF'UXJ0RQLWRULQJRI4XHWLDSLQH
1LHOV%HUJHPDQQ
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\RI+HLGHOEHUJ*HUPDQ\
)DWLPD$EX7DLU.DL5.UHVV5ROI$GHUMDQ-XHUJHQ.RSLW]
2EMHFWLYHV 4XHWLDSLQH D GLEHQ]RWKLD]HSLQH GHULYDWH LV RQH RI WKHPRVW
UHFHQWO\ LQWURGXFHG DW\SLFDO DQWLSV\FKRWLFV ,W KDV IDYRXUDEOH HIIHFWV RQ
ERWK WKHSRVLWLYHDQG WKHQHJDWLYHV\PSWRPVRIVFKL]RSKUHQLD7KHHOLPL
QDWLRQKDOIOLIHRITXHWLDSLQH DPRXQWV WR DERXWKRXUV >@4XHWLDSLQH LV
H[WHQVLYHO\PHWDEROL]HG LQ WKH OLYHU SULPDULO\ E\ 3 $ DQG WR D IDU
OHVVHU H[WHQG E\ ' WR DW OHDVW  LQDFWLYHPHWDEROLWHV8S WR QRZRQO\
OLWWOHLVNQRZQDERXWWKHSODVPDFRQFHQWUDWLRQVRITXHWLDSLQHLQSDWLHQWVDW
YDULRXVRUDOGRVHVLQDQDWXUDOLVWLFVHWWLQJ7KHUHIRUHWKHDLPRIWKHSUHVHQW
LQYHVWLJDWLRQZDVWRHOXFLGDWHWKHFOLQLFDOUHOHYDQFHRIWKHWKHUDSHXWLFGUXJ
PRQLWRULQJ RI TXHWLDSLQH DQG WKH IDFWRUV ZKLFK DIIHFW TXHWLDSLQH SODVPD
OHYHOV)RUWKLVSXUSRVHWKHIROORZLQJTXHVWLRQVZHUHDGGUHVVHG:KDWDUH
WKHUDQJHVRITXHWLDSLQHSODVPDFRQFHQWUDWLRQVLQDQDWXUDOLVWLFFOLQLFDOVHW
WLQJZKHQWKHUDS\LVJXLGHGE\FOLQLFDOLPSUHVVLRQ":KDWLVWKHFRUUHODWLRQ
RIWKHGDLO\GRVHDQGWKHSODVPDOHYHOVRITXHWLDSLQH":KDWDUHWKHHIIHFWV
RI WKHYDULDEOHVDJH VH[DQGFLJDUHWWH VPRNLQJRQ WKHTXHWLDSLQHSODVPD
FRQFHQWUDWLRQ"
0HWKRGV7RDQVZHU WKHVHTXHVWLRQV WKHSODVPDTXHWLDSLQH OHYHOVRI
SDWLHQWV ZLWK VFKL]RSKUHQLD PHDQ DJH  \HDUV VWDQGDUG GHYLDWLRQ
>6'@  \HDUV  ZRPHQ  PHQ ZHUH DVVHVVHG E\ KLJK SHUIRUP
DQFHOLTXLGFKURPD¤WR¤JUDSK\+3/&ZLWK89GHWHFWLRQ>@SDWLHQWV
UHFHLYHGTXHWLDSLQHDVPRQRWKHUDS\DQGWKHRWKHUSDWLHQWVUHFHLYHGYDULRXV
FRPHGLFDWLRQV 'UXJ WKHUDS\ ZDV VWULFWO\ PRQLWRUHG XQGHU VWHDG\ VWDWH
FRQGLWLRQVWURXJKOHYHO
5HVXOWV7KHDYHUDJHGDLO\GRVHRITXHWLDSLQHZDVPJGD\6' 
PJDQGWKHPHDQTXHWLDSLQHSODVPDFRQFHQWUDWLRQQJPO6' 
QJPORIDOOSODVPDFRQFHQWUDWLRQVGHWHUPLQHGZHUHDERYHWKH
UHFRPPHQGHG WKHUDSHXWLF UDQJH RI  QJPO >@ 7KH LQWHULQGLYLGXDO
YDULDQFHRISODVPDFRQFHQWUDWLRQZDVKLJKIXUWKHUPRUHTXHWLDSLQHSODVPD
FRQFHQWUDWLRQVLQFUHDVHGOLQHDUO\ZLWKWKHGDLO\RUDOGRVHU S"
$JH VKRZHG D VLJQL¿FDQW HIIHFW RQ WKH GRVHFRUUHFWHG TXHWLDSLQH SODVPD
FRQFHQWUDWLRQKRZHYHU VH[DQGFLJDUHWWH VPRNLQJGLGQRW7KHGRVHV IRU
ZRPHQDQGPHQDQGVPRNHUVDQGQRQVPRNHUVVLJQL¿FDQWO\GLIIHU
&RQFOXVLRQV2YHURIDOOTXHWLDSLQHSODVPDFRQFHQWUDWLRQVZHUHKLJKHU
WKDQWKHUHFRPPHQGHGFRQFHQWUDWLRQUDQJHZKHQWKHUDS\LVJXLGHGE\WKH
FOLQLFDO LPSUHVVLRQ 7KH ¿QGLQJV UHSRUWHG VKRXOG EH FRQ¿UPHG LQ ODUJHU
VDPSOHV)XUWKHUDQDO\VHVVKRXOGLQFOXGHWKHFOLQLFDOO\UHOHYDQWLQWHUDFWLRQV
ZLWKYDULRXVFRPHGLFDWLRQV
5HIHUHQFHV
 1HPHURII &% .LQNHDG % *ROGVWHLQ -  4XHWLDSLQH 3UHFOLQLFDO
VWXGLHVSKDUPDFRNLQHWLFVGUXJLQWHUDFWLRQVDQGGRV¤LQJ-&OLQ3V\FKLDWU\
VXSSO
0DQGULROL5)DQDOL6)HUUDQWL$5DJJL0$+3/&DQDO\VLVRI
WKHQRYHODQWLSV\FKRWLFGUXJTXHWLDSLQHLQKXPDQSODVPD-3KDUP%LRPHG
$QDO
%DXPDQQ3+LHPNH&8OULFK6(FNHUPDQQHWDO 7KH$*13
7'0([SHUW*URXS&RQVHQVXV*XLGHOLQHVWKHUDSHXWLFGUXJPRQLWRULQJLQ
SV\FKLDWU\3KDUPDFRSV\FKLDWU\
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,PLSUDPLQHZLWKGUDZDO$FWLYDWHV126WKURXJK+7$&
UHFHSWRUV
%ULDQ+DUYH\
'HSDUWPHQWRI3KDUPDFRORJ\1RUWK:HVW8QLYHUVLW\3RWFKHI
VWURRP6RXWK$IULFD
5HQFKp5HWLHI$Qp.RUII*UHJHUV:HJHQHU
2EMHFWLYHV 7KH QHXURELRORJ\ DQG LPSDFW RI DQWLGHSUHVVDQW ZLWKGUDZDO
LV SRRUO\ XQGHUVWRRG EXW LV OLQNHG WR ORQJWHUP PRUELGLW\ DQG SRVVLEO\
KLSSRFDPSDOVKULQNDJH0DF4XHHQHWDO'HSUHVVLRQ+DUYH\HWDO
DQGDQWLGHSUHVVDQWZLWKGUDZDO+DUYH\HWDOKDYHEHHQDVVRFL
DWHGZLWKGLVWXUEDQFHV LQH[FLWRWR[LFJOXWDPDWHQLWULFR[LGH12DFWLYLW\
,QWHUHVWLQJO\QHXURQDOGHJHQHUDWLRQKDVEHHQOLQNHGWRH[FHVVLYH+7¶HUJLF
DFWLYLW\ 9DLG\D HW DO :H KDYH VWXGLHG +7$& UHFHSWRU LQYROYH
PHQWDQGHIIHFWVRQKLSSRFDPSDO12V\QWKDVH126LQLPLSUDPLQH,0,
WUHDWPHQWDQGZLWKGUDZDO
0HWKRGV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 DQG $WWHQWLRQ'H¿FLW+\SHUDFWLYLW\ 'LVRUGHU $'+'
WRGLVFXVVWKHK\SRWKHWLFDOPHFKDQLVPVXQGHUO\LQJWKLVDVVRFLDWLRQDQGWR
FRQVLGHU WKHSRWHQWLDO LQWHUHVW IRU FRPPRQSKDUPDFRORJLFDO WUHDWPHQWV RI
5/6DQG$'+'ZKHQFRRFFXUULQJ
0HWKRGV$3XE0HGVHDUFKIRUWKH\HDUV
5HVXOWV ,QFOLQLFDO VDPSOHVXS WRRI$'+'VXEMHFWVZHUH IRXQG WR
KDYH5/6RU5/6V\PSWRPVDQGXSWRRI5/6VXEMHFWVZHUHIRXQG
WR KDYH$'+'RU$'+'V\PSWRPV 6HYHUDOPHFKDQLVPVPD\ H[SODLQ
WKLVDVVRFLDWLRQ6OHHSGLVUXSWLRQDVVRFLDWHGZLWK5/6PLJKWOHDGWRLQDWWHQ
WLYHQHVVPRRGLQHVVDQGSDUDGR[LFDORYHUDFWLYLW\'LXUQDOPDQLIHVWDWLRQVRI
5/6VXFKDVUHVWOHVVQHVVDQGLQDWWHQWLRQPLJKWPLPLF$'+'V\PSWRPV
$OWHUQDWLYHO\5/6PLJKWEHFRPRUELGWRLGLRSDWKLF$'+'6XEMHFWVZLWK
5/6DQGDVXEVHWRIVXEMHFWVZLWK$'+'PLJKWVKDUHDFRPPRQGRSDPLQH
G\VIXQFWLRQ /LPLWHG HYLGHQFH VXJJHVWHG WKDW VRPH GRSDPLQHUJLF DJHQWV
VXFK DV /GRSDFDUELGRSD SHUJROLGH DQG URSLQLUROH PD\ EH HIIHFWLYH LQ
FKLOGUHQZLWK5/6DVVRFLDWHGWR$'+'V\PSWRPV
&RQFOXVLRQV $OWKRXJK VWLOO OLPLWHG LQ QXPEHU HYLGHQFH IURP FOLQLFDO
VWXGLHV GHPRQVWUDWHG DQ DVVRFLDWLRQ EHWZHHQ 5/6 DQG$'+' RU$'+'
V\PSWRPV )XUWKHU FOLQLFDO VWXGLHV XVLQJ VWDQGDUG FULWHULD DQG SURFHGXUHV
DUH QHHGHG WR EHWWHU HVWLPDWH WKH GHJUHH RI DVVRFLDWLRQ (SLGHPLRORJLFDO
VWXGLHV DUH UHTXLUHG WR DVVHVV WKH UHODWLRQVKLS EHWZHHQ$'+' DQG 5/6
V\PSWRPVLQQRQFOLQLFDOVDPSOHV)XUWKHULQYHVWLJDWLRQVVKRXOGDGGUHVVWKH
PHFKDQLVPVXQGHUO\LQJWKHUHODWLRQVKLSEHWZHHQ5/6DQG$'+'6HYHUDO
GRSDPLQHUJLFDJHQWVVHHPDSURPLVLQJ WUHDWPHQW IRU5/6DVVRFLDWHGZLWK
$'+'V\PSWRPV7RGDWHKRZHYHUWKHDEVHQFHRIUDQGRPL]HGDQGEOLQGHG
FRQWUROOHGVWXGLHVGRHVQRWDOORZHYLGHQFHEDVHGUHFRPPHQGDWLRQV
5HIHUHQFHV
&KHUYLQ5'HWDO$VVRFLDWLRQVEHWZHHQV\PSWRPVRILQDWWHQWLRQ
K\SHUDFWLYLW\UHVWOHVVOHJVDQGSHULRGLFOHJPRYHPHQWV6OHHS
.RQRIDO(HWDO5HVWOHVV/HJV6\QGURPHDQGVHUXPIHUULWLQHOHYHOV
LQ$'+'FKLOGUHQ6OHHS$
:DJQHU0/HWDO 6\PSWRPVRI$WWHQWLRQ'H¿FLW+\SHUDFWLYLW\
'LVRUGHULQDGXOWVZLWKUHVWOHVVOHJVV\QGURPH6OHHS
:DOWHUV$6HWDO'RSDPLQHUJLFWKHUDS\LQFKLOGUHQZLWKUHVWOHVV
OHJVSHULRGLF OLPE PRYHPHQWV LQ VOHHS DQG $'+' 3HGLDWU 1HXURO 

.RQRIDOHWDO5RSLQLUROHLQDFKLOGZLWKDWWHQWLRQGH¿FLWK\SHUDF
WLYLW\GLVRUGHUDQGUHVWOHVVOHJVV\QGURPH3HGLDWU1HXUROLQSUHVV
)&
$OWHUDWLRQVRISUHIURQWDOEUDLQIXQFWLRQLQ$'+'
$QGUHDV-)DOOJDWWHU
'HSDUWPHQWIRU3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\RI
:XHU]EXUJ*HUPDQ\
&%DHKQH$&(KOLV05LFKWHU.3/HVFK03OLFKWD
0-+HUUPDQQ
2EMHFWLYH 'H¿FLWV LQ UHVSRQVH LQKLELWLRQ DUH FRQVLGHUHG DV FDQGLGDWH
HQGRSKHQRW\SHV RI DOWHUHG SUHIURQWDO EUDLQ IXQFWLRQ LQ $WWHQWLRQ 'H¿FLW
+\SHUDFWLYLW\'LVRUGHU $'+'%DVHGRQ WKHLU VXSHULRU WLPH UHVROXWLRQ
HOHFWURSK\VLRORJLFDOPHWKRGVOLNH(YHQW5HODWHG3RWHQWLDOV(53VDUHDG
HTXDWHIRUWKHPHDVXUHPHQWRIDEQRUPDOLWLHVLQEUDLQIXQFWLRQVXQGHUO\LQJ
WKRVHGH¿FLWV
0HWKRGV:HHPSOR\HGDPXOWLFKDQQHO((*GXULQJSHUIRUPDQFHRID*R
1R*R WDVN WR DVVHVV WKH HOHFWURSK\VLRORJLFDO EDVLV RI UHVSRQVH LQKLELWLRQ
LQ KHDOWK\ VXEMHFWV DVZHOO DV LQ SDWLHQWVZLWK$'+'7KH(53PHDVXUH
GHULYHGIURPWKLVSURWRFROZDVWHUPHG1R*R$QWHULRULVDWLRQ1*$DQGLV
FKDUDFWHUL]HGE\DKLJKLQWHULQGLYLGXDOVWDELOLW\KLJKVKRUWDQGORQJWHUP
WHVWUHWHVWUHOLDELOLW\DQGPRUHRYHULVLQGHSHQGHQWIURPDJHDQGJHQGHU
5HVXOWV,QDGXOWSDWLHQWVZLWKSHUVRQDOLW\GLVRUGHUVDQGDGGLWLRQDOKLQWV
IRU DQ$'+'GXULQJFKLOGKRRG WKH1*$ZDVGLPLQLVKHGDV FRPSDUHG WR
DJH DQG VH[PDWFKHG KHDOWK\ FRQWUROV )XUWKHUPRUH D WKUHHGLPHQVLRQDO
VRXUFHORFDWLRQDQDO\VLVZLWK/25(7$LQGLFDWHGDQHOHFWULFDOG\VIXQFWLRQ
RI WKH$&&LQ WKLVSDWLHQWJURXS$FRUUHVSRQGLQJDOWHUDWLRQRISUHIURQWDO
EUDLQIXQFWLRQZDVDOVRIRXQGLQER\VZLWK$'+'LQFRPSDULVRQWRKHDOWK\
ER\VLQWKHVDPHDJHUDQJH
&RQFOXVLRQV7KHVH UHVXOWV H[HPSOLI\ WKHPHDVXUHPHQWRIGLVHDVH UHODWHG
GLVWXUEDQFHVLQEUDLQIXQFWLRQLQ$'+')XWXUHVWXGLHVZLOOVKRZZKHWKHU
VXFKHOHFWURSK\VLRORJLFDOHQGRSKHQRW\SHVPD\FRQWULEXWHWRWKHGLDJQRVLV
RIVXEJURXSVRI$'+'DQGZKHWKHUWKH\PD\VHUYHDVHQGRSKHQRW\SHVWR
IXUWKHUFODULI\JHQHWLFFRQWULEXWLRQVWRWKHGLVHDVH
)&
*HQR\WSH(IIHFWVRQ&HQWUDO3URFHVVLQJRI$YHUVLYH6WLPXOL
,PSOLFDWLRQVIRU$IIHFWLYH'LVRUGHUV
$QGUHDV+HLQ]
'HSWRI3V\FKLDWU\&KDULWp&DPSXV0LWWH%HUOLQ*HUPDQ\
0LFKDHO6PROND-DQD:UDVH6DELQH*UVVHU
2EMHFWLYHV%UDLQ LPDJLQJRIIHUVDXQLTXH WRRO WRDVVHVVJHQRW\SHHIIHFWV
RQFHQWUDOLQIRUPDWLRQSURFHVVLQJLQYLYR$IXQFWLRQDOSRO\PRUSKLVPRIWKH
UHJXODWRU\UHJLRQRIWKHVHURWRQLQWUDQVSRUWHU+77ZDVDVVRFLDWHGZLWKD
&REE¬#OMMUNICATIONS

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
WZRIROGGHFUHDVHLQWUDQVSRUWHUFDSDFLW\DQGDQLQFUHDVHGULVNIRUPDMRUGH
SUHVVLRQLIVHYHUHWUDXPDRFFXUUHG6WXGLHVLQQRQKXPDQSULPDWHVUHYHDOHG
WKDW HDUO\ VRFLDO LVRODWLRQ VWUHVV LV DVVRFLDWHG ZLWK D VWURQJ UHGXFWLRQ LQ
VHURWRQLQWXUQRYHUUDWHVH[FOXVLYHO\LQWKLVJHQRW\SHLQGLFDWLQJDSRWHQWLDO
PHFKDQLVPIRU+77PHGLDWHGHIIHFWVRIDFXWHOLIHVWUHVVRQVHURWRQHUJLF
QHXURWUDQVPLVVLRQ+HUHZHDVVHVVHG+77JHQRW\SHHIIHFWVRQSURFHVVLQJ
RIDYHUVLYHVWLPXOLLQWKHDP\JGDODRIKHDOWK\FRQWUROVXEMHFWV
0HWKRGV:HDVVHVVHGWKHHIIHFWVRI+77DQGRIFDWHFKRORPHWK\OWUDQV
IHUDVH&207RQSURFHVVLQJRIVWDQGDUGL]HGDIIHFWLYHYLVXDOVWLPXOLIURP
WKH ,QWHUQDWLRQDO$IIHFWLYH3LFWXUH6\VWHP ,$36 XQSOHDVDQW QHXWUDO DQG
SOHDVDQWLQKHDOWK\VXEMHFWVXVLQJIXQFWLRQDOPDJQHWLFUHVRQDQFHLPDJ
LQJ:HPHDVXUHGJHQRW\SHHIIHFWVRQFXHGHSHQGHQWDP\JGDODDFWLYDWLRQ
DQGDP\JGDODSUHIURQWDOFRQQHFWLYLW\
5HVXOWV &207 DQG +77 JHQRW\SH GLVSOD\HG DGGLWLYH HIIHFWV RQ DP\
JGDODDFWLYDWLRQHOLFLWHGE\DYHUVLYHYHUVXVQHXWUDO VWLPXOL1RVLJQL¿FDQW
JHQRW\SHHIIHFWVRQSURFHVVLQJRISRVLWLYHYHUVXVQHXWUDOVWLPXOLZHUHIRXQG
+77JHQRW\SHDOVRPRGXODWHGDP\JGDODSUHIURQWDOFRQQHFWLYLW\VR WKDW
LQFUHDVHG DP\JGDOD DFWLYDWLRQPD\ DVVRFLDWHGZLWK LQFUHDVHG FRXSOLQJ WR
WKHPHGLDOSUHIURQWDOFRUWH[
&RQFOXVLRQV *HQRW\SHGHSHQGHQW FRXSOLQJ RI DP\JGDOD DFWLYDWLRQ ZLWK
PHGLDO SUHIURQWDO FRUWH[ VWLPXODWLRQPD\ FRPSHQVDWH IRU LQFUHDVHG DP\
JGDODDFWLYDWLRQGXULQJQRUPDOOLIHEXWIDLOLQLQGLYLGXDOVZKRH[SHULHQFHG
VHYHUH OLIH VWUHVV ,Q JHQHWLFDOO\ YXOQHUDEOH VXEMHFWV ZLWK PRUH &207
PHWDQG+77VKRUWDOOHOHVLQFUHDVHGDP\JGDODDFWLYDWLRQHOLFLWHGE\
DYHUVLYHVWLPXOLPD\FRQWULEXWHWRWKHREVHUYHGORZHUHPRWLRQDOUHVLOLHQFH
DJDLQVWQHJDWLYHPRRGVWDWHVDIWHUVHYHUHOLIHVWUHVV
5HIHUHQFHV
+HLQ]$HWDO $P\JGDODSUHIURQWDOFRXSOLQJGHSHQGVRQDJHQHWLF
YDULDWLRQRIWKHVHURWRQLQWUDQVSRUWHU1DWXUH1HXURVFL
6PROND0HWDO&DWHFKRO2PHWK\OWUDQVIHUDVHYDOPHWJHQRW\SH
DIIHFWVSURFHVVLQJRIHPRWLRQDOVWLPXOLLQWKHDP\JGDODDQGSUHIURQWDOFRU
WH[-1HXURVFL
)&
5HVSRQVH,QKLELWLRQ'HILFLWLQ'HSUHVVLRQ$Q(53)ROORZXS
6WXG\
-|UJ8QJHU
8QLYHUVLW\+RVSLWDO+HLGHOEHUJ*HUPDQ\
0DWWKLDV:HLVEURG6WHIDQ.DLVHU
2EMHFWLYHV5HVSRQVHLQKLELWLRQZKLFKFRQVWLWXWHVDSDUWRIH[HFXWLYHIXQF
WLRQ LV GLVWXUEHG LQ GHSUHVVLRQ7KH QHXUDO FLUFXLWU\ VXEVHUYLQJ H[HFXWLYH
G\VIXQFWLRQ DQG HVSHFLDOO\ UHVSRQVH LQKLELWLRQ FULWLFDOO\ GHSHQGV RQ SUH
IURQWDODUHDV,QGHSUHVVHGSDWLHQWVSUHIURQWDOG\VIXQFWLRQFRXOGEHEURDGO\
GHPRQVWUDWHGDQGUHFHQWQHXURLPDJLQJVWXGLHVUHSRUWHGDUHFRQVWLWXWLRQRI
WKHVH EUDLQ UHJLRQV XSRQ UHFRYHU\ +RZHYHU LW UHPDLQV XQFOHDU ZKHWKHU
UHVSRQVH LQKLELWLRQ LPSURYHV LQ WKH FRXUVH RI GHSUHVVLRQ DQG WKHUHIRUH LV
D VWDWHPDUNHURU LI LW DV D WUDLW YDULDEOHPD\ FRQVWLWXWH D SUHUHTXLVLWH IRU
WKHPDQLIHVWDWLRQ RI GHSUHVVLRQ7KH DLPRI WKLV VWXG\ZDV WR LQYHVWLJDWH
UHVSRQVH LQ D IROORZXS GHVLJQ DQG WR H[DPLQH QHXURSK\VLRORJLFDOO\ WKH
FRXUVHRIWKHXQGHUO\LQJEUDLQDFWLYDWLRQ
0HWKRGV:HVWXGLHG UHVSRQVH LQKLELWLRQ LQGHSUHVVHGSDWLHQWVDQG
KHDOWK\FRQWUROVXVLQJDQDXGLWRU\*R1RJRWDVN(PSOR\LQJKLJKUHVROXWLRQ
HYHQWUHODWHGSRWHQWLDOV(53VDPSOLWXGHVSHDNODWHQFLHVDQGWRSRJUDSKLF
GLVWULEXWLRQRI WKH1DQG3FRPSRQHQWVZHUHDQDO\VHG%HKDYLRUDO DQG
(53GDWDZHUHDVVHVVHGLQWKHLQGH[HSLVRGH7DQGLQDIROORZXSH[DPL
QDWLRQXSRQUHFRYHU\7
5HVXOWV7KHEHKDYLRUDOGDWD VKRZHGKLJKHU UDWHRI HUURUVRI FRPPLVVLRQ
IRU SDWLHQWV JURXS VSHFL¿FDOO\ LQ WKH 1RJR FRQGLWLRQ DW 7 EXW VLPLODU
SHUIRUPDQFHRIERWKJURXSVDW7ZKLFKZDVGXHWRDVLJQL¿FDQWLPSURYH
PHQWRISDWLHQWVCSHUIRUPDQFH$FFRUGLQJO\WKH(53V\LHOGHGDQDPSOLWXGH
UHGXFWLRQLQWKH1WLPHZLQGRZRYHULQIHULRUIURQWRWHPSRUDOUHJLRQVIRU
GHSUHVVHGSDWLHQWVDW7EXWQREHWZHHQJURXS(53GLIIHUHQFHVDW7/DWHU
VWDJHVRIVWLPXOXVSURFHVVLQJZHUHQRWDIIHFWHGE\GHSUHVVLRQ:HIRXQGQR
JURXSGLIIHUHQFHVFRQFHUQLQJWKH*RFRQGLWLRQDWHLWKHUWLPHSRLQW
&RQFOXVLRQV2XUUHVXOWVGHPRQVWUDWHDVSHFL¿FUHVSRQVHLQKLELWLRQGH¿FLW
LQGHSUHVVHGSDWLHQWV7KLV VWXG\ LV WKH¿UVW WR VKRZ WKDW UHVSRQVH LQKLEL
WLRQ DQG LWV FRUUHVSRQGLQJ G\VIXQFWLRQDO EUDLQ DFWLYDWLRQ UHVWLWXWHV XSRQ
UHFRYHU\
5HIHUHQFHV
:HLVEURG0.LHIHU00DU]LQ]LN)6SLW]HU0([HFXWLYHFRQWURO
LV GLVWXUEHG LQ VFKL]RSKUHQLD HYLGHQFH IURP HYHQWUHODWHG SRWHQWLDOV LQ D
*R1R*RWDVN%LRO3V\FKLDWU\-DQ
.DLVHU 6 8QJHU - .LHIHU00DUNHOD - 0XQGW &:HLVEURG0 
([HFXWLYHFRQWUROGH¿FLWLQGHSUHVVLRQHYHQWUHODWHGSRWHQWLDOVLQ*R1RJR
WDVN3V\FKLDWU\5HV$SU
)&
*UDGLQJRI0&,DQG0LOG'HPHQWLD±,PSOLFDWLRQVIRU
&OLQLFDO7ULDOV
6WHIDQLH:ROI
'HSWRI3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\&OLQLFRI*|W
WLQJHQ*HUPDQ\
(FNDUW5WKHU-HQV:LOWIDQJ-RKDQQHV.RUQKXEHU
7KHSUHVHQWVWXG\ZDVFRQGXFWHGZLWKLQWKHVFRSHRI*HUPDQ&RPSHWHQFH
1HWZRUN'HPHQWLDV
%DFNJURXQG 7KHUH LV DQ HOHYDWHG ULVN IRU SDWLHQWV ZLWK PLOG FRJQLWLYH
LPSDLUPHQW0&,WRSURJUHVVWR$O]KHLPHU'HPHQWLD$'&OLQLFDOWULDOV
RQ DQWLGHPHQWLYH WUHDWPHQW LQ0&, DUH DULVLQJ 7UDGLWLRQDOO\$'$6FRJ
VXPVFRUHKDVEHHQWKHJROGVWDQGDUGIRUPHDVXULQJHI¿FDF\RIDQWLGHPHQ
WLYHGUXJV LQ ³PLOGWRPRGHUDWH´ ³PRGHUDWH´ DQG ³DGYDQFHGPRGHUHDWH´
GLVHDVHVWDJHV+RZHYHUWKHUHVHHPVWREHDUHODWLRQVKLSEHWZHHQEDVHOLQH
GLVHDVH VHYHULW\ DQG PDJQLWXGH RI GHWHFWDEOH FKDQJH ,Q D ODUJH VDPSOH
VWXG\VXEMHFWVZLWKPRGHUDWHGHPHQWLDGLVSOD\HGPRUHSURQRXQFHGFKDQJHV
LQ$'$6FRJVFRUHVWKDQVXEMHFWVZLWKDPLOGHUGHJUHHRILPSDLUPHQWGLG
'RUDLVZDP\HWDO$O]KHLPHU'LV$VVRF'LVRUG7KLVPD\EHGXH
WRFKDUDFWHULVWLFVRIWKHSV\FKRPHWULFLQVWUXPHQW
2EMHFWLYHV$LPRI WKHSUHVHQW VWXG\ZDV WR LQYHVWLJDWHZKHWKHU$'$6
FRJLVZHOOVXLWHGIRUGHWHFWLQJVXEWOHGLIIHUHQFHVLQOHYHORILPSDLUPHQWLQ
SDWLHQWVZLWK0&,RUPLOGGHPHQWLDRUZKHWKHU WKHUHDUHEHWWHUZD\V IRU
JUDGLQJGLVHDVHVHYHULW\LQWKHVHSDWLHQWJURXSV
0HWKRGV:HDQDO\]HGFURVVVHFWLRQDOGDWDIURPSDWLHQWV0&,PHDQ
DJH\UV0067PLOGGHPHQWLDPHDQDJH\UV0067
(WLRORJLFDO GLDJQRVHVZHUH EDVHG RQ LQWHJUDWHGPXOWLGLVFLSOL
QDU\ LQIRUPDWLRQ 'LVHDVH VHYHULW\ ZDV MXGJHG E\ FOLQLFLDQV GXULQJ WKH
FRXUVHRIDVWDQGDUGL]HGDQGFRPSUHKHQVLYHDVVHVVPHQWSURWRFRO
5HVXOWV6HHWDEOH,QDOOVXEJURXSVDFRPELQHGOHDUQLQJVFRUHFRUUHODWHG
VLJQL¿FDQWO\ KLJKHU ZLWK &'5 VXP RI ER[HV WKDQ$'$6FRJ VFRUH GLG
LHGLVHDVH VHYHULW\ZDVJUDGHGPRUHDFFXUDWHO\XVLQJ WKH OHDUQLQJ VFRUH
$GYDQWDJHVZHUHPRVWSURQRXQFHGLQ0&,SDWLHQWVZLWKDVXVSHFWHGEHJLQ
QLQJ$'
&RQFOXVLRQV7KHVHFURVVVHFWLRQDOGDWDVKRXOGEHFRQ¿UPHGE\ORQJLWXGL
QDOHYDOXDWLRQV$UHSOLFDWLRQZRXOGEHDULPSRUWDQWLPSOLFDWLRQVIRUIXWXUH
FOLQLFDOWULDOVLQSDWLHQWVZLWK0&,RUPLOGGHPHQWLD%\XVLQJWKHFRPELQHG
OHDUQLQJ VFRUH DV SULPDU\ RXWFRPH PHDVXUH H[LVWLQJ WUHDWPHQW HIIHFWV
ZRXOGSRVVLEO\VKRZXSZLWKVPDOOHUVDPSOHVL]HV
&REE¬#OMMUNICATIONS¬

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
3PECIAL¬,ECTURE
/
7RZDUGV1HZ,QWHUQDWLRQDO&ODVVLILFDWLRQDQG'LDJQRVWLF
6\VWHPV)URP1HXURVFLHQFHWRWKH7RWDOLW\RIWKH3HUVRQ
-XDQ(0H]]LFK
86$	3HUX
7KHSURFHVV IRU WKH GHYHORSPHQW RI ,&' LV MXVW VWDUWLQJ7KLV RIIHUV D
VSHFLDORSSRUWXQLW\WRLPSURYHRXULQWHUQDWLRQDOFODVVL¿FDWLRQDQGGLDJQRV
WLF V\VWHPV$NH\SULQFLSOHZRXOGEH WKH HQKDQFHPHQWRI HWLRSDWKRJHQLF
DQGFOLQLFDOYDOLGLWLHV1HZVFLHQWL¿FGHYHORSPHQWV IURPJHQHWLFV WRHSL
GHPLRORJ\WRD¿QHUDQGPRUHFRQWH[WXDOL]HGSKHQRPHQRORJ\DUHOLNHO\WR
EH LQFRUSRUDWHG %RWK D EHWWHU QRVRORJ\ RI PHQWDO GLVRUGHUV ZLWKLQ WKH
IUDPHZRUN RI WKH ZKROH ,QWHUQDWLRQDO &ODVVL¿FDWLRQ RI 'LVHDVHV DQG D
FRPSUHKHQVLYHGLDJQRVWLFPRGHOIRFXVHGRQWKHWRWDOLW\RIWKHSHUVRQLQWKH
FOLQLFDQGWKHFRPPXQLW\ZLOOEHWKHIRFXVRIEURDGLQWHUQDWLRQDOZRUN
0OSTER¬3ESSIONS
32
3RVWHU6HVVLRQ1R
32
'5HFHSWRU2FFXSDQF\2I2ODQ]DSLQH,Q%LSRODU3DWLHQWV
7UDZDW$WWDUEDVFKL
'HSDUWPHQWRI*HQHUDO3V\FKLDWU\0HGLFDO8QLYHUVLW\9LHQQD
$XVWULD
7KRPDV*HLVV*UDQDGLD-XOLD6DFKHU1LNRODV.OHLQ
1LOXIDU0RVVDKHE*HRUJ:LHVHJJHU5XSHUW/DQ]HQEHUJHU
6XVDQQH$VHQEDXP5REHUW'XGF]DN'DJPDU'RE\
6LHJIULHG.DVSHU-RKDQQHV7DXVFKHU
2EMHFWLYHV7KHDW\SLFDODQWLSV\FKRWLFRODQ]DSLQHKDVUHFHQWO\EHHQLQWUR
GXFHGDVDPRRGVWDELOL]HUIRUWKHWUHDWPHQWRIELSRODUGLVRUGHU7KHSXUSRVH
RIWKLVVWXG\ZDVWRLQYHVWLJDWHRODQ]DSLQH¶VELQGLQJWRVWULDWDOGRSDPLQH'
UHFHSWRUVLQELSRODUSDWLHQWVDQGWRH[SORUHWKHUHODWLRQVKLSEHWZHHQWUHDW
PHQWLQGXFHG'RFFXSDQF\DQGH[WUDS\UDPLGDOVLGHHIIHFWV(36
0HWKRGV 6HYHQWHHQ SDWLHQWV ZLWK ELSRODU GLVRUGHU ZHUH HQUROOHG WR DQ
RSHQODEHO WUHDWPHQWZLWKRUDORODQ]DSLQH LQGRVHV IURPPJG IRU DW
OHDVWGD\V$IWHU WKLVSHULRG VWULDWDO' UHFHSWRURFFXSDQF\ZDVTXDQ
WLWDWLYHO\ DQDO\VHG XVLQJ >,@,RGREHQ]DPLGH ,%=0 DQG VLQJOH SKRWRQ
HPLVVLRQ FRPSXWHUL]HG WRPRJUDSK\ 63(&7 5HJLRQV RI LQWHUHVW 52,
ZHUHGUDZQPDQXDOO\RQDQ05,FRUHJLVWHUHGWRWKH63(&7VFDQLQDUHDV
FRUUHVSRQGLQJWRWKHVWULDWXPDQGWKHIURQWDOFRUWH[DQGVXEVHTXHQWO\WUDQV
IHUUHGWRWKH63(&7$UDWLRZDVFDOFXODWHGEHWZHHQDYHUDJHFRXQWUDWHVLQ
WKHVWULDWD6DQGWKHIURQWDOFRUWH[)7KLVUDWLRPLQXVRQHFRUUHVSRQGVWR
WKH'ELQGLQJSRWHQWLDOZKLFKZDVFRPSDUHGWRDQDJHFRUUHFWHGFRQWURO
YDOXH REWDLQHG IURP D KLVWRULF KHDOWK\ FRQWURO JURXS 2Q WKH GD\ RI WKH
63(&7VFDQVSODVPD OHYHOVRIRODQ]DSLQHZHUHREWDLQHG$GYHUVHHYHQWV
ZHUH DVVHVVHG E\ WKH 6LPSVRQ$QJXV 6FDOH 6$6 DQG %DUQHV$NDWKLVLD
6FDOH%$6IRU(36DWEDVHOLQHDQGHQGSRLQW
5HVXOWV 6WULDWDO' UHFHSWRU RFFXSDQF\ UDWHV UDQJHG IURP WR 
7KHUHZDVDGRVHGHSHQGHQWLQFUHDVHLQRFFXSDQF\PJQ OHGWR
PJQ WRPJWRPJQ WRPJ
Q WRDQGPJQ WR'UHFHSWRURFFXSDQF\7KHUHZDVD
VLJQL¿FDQWFRUUHODWLRQEHWZHHQGRVHDQG'RFFXSDQF\5 3 
DVZHOODVEHWZHHQSODVPDOHYHOVDQGRFFXSDQF\5 3 :H
DOVRIRXQGDFRUUHODWLRQEHWZHHQGRVHDQGSODVPDOHYHOV5 3 
1RFOLQLFDOVLJQL¿FDQW(36RFFXUUHG
&RQFOXVLRQV2ODQ]DSLQHLQGRVHVIURPWRPJLQELSRODUSDWLHQWVOHG
WRD'UHFHSWRURFFXSDQF\EHWZHHQDQGFRPSDUDEOHWRWKDWVHHQ
LQSDWLHQWVZLWKVFKL]RSKUHQLD7KHUHZDVDGRVHGHSHQGHQWLQFUHDVHLQ'
RFFXSDQF\ 6LPLODU WR VFKL]RSKUHQLF SDWLHQWV QR FOLQLFDO VLJQL¿FDQW (36
RFFXUUHGDW'RFFXSDQF\OHYHOVRIWRWKXVVXSSRUWLQJWKHODFNRI
LQFUHDVHG(36YXOQHUDELOLW\LQELSRODUSDWLHQWV
5HIHUHQFHV
.DSXU6=LSXUVN\5%5HPLQJWRQ* HW DO +7 DQG' UHFHSWRU RFFX
SDQF\RIRODQ]DSLQHLQVFKL]RSKUHQLDD3(7LQYHVWLJDWLRQ$P-3V\FKLDWU\

0HLVHQ]DKO (0 'UHVHO 6 )URGO 7 HW DO ' UHFHSWRU RFFXSDQF\ XQGHU
UHFRPPHQGHG DQGKLJKGRVHV RI RODQ]DSLQH D LRGLQHLRGREHQ]DPLGH
63(&7VWXG\-3V\FKRSKDUPDFRO
7DXVFKHU-.XIIHUOH%$VHQEDXP6HWDO,QYLYR,,%=063(&7LP
DJLQJRIVWULDWDOGRSDPLQHUHFHSWRURFFXSDQF\ LQVFKL]RSKUHQLFSDWLHQWV
WUHDWHGZLWK RODQ]DSLQH LQ FRPSDULVRQ WR FOR]DSLQH DQG KDORSHULGRO 3V\
FKRSKDUPDFRORJ\%HUO
3PECIAL¬,ECTURE¬¬0OSTER¬3ESSIONS

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
32
7KH7UHDWPHQWRI3UHVFKRROHUVZLWK%LSRODU'LVRUGHU
-RVHSK%LHGHUPDQ
0DVVDFKXVHWWV*HQHUDO+RVSLWDO86$
(ULF0LFN
2EMHFWLYHV (PHUJLQJ HYLGHQFH GRFXPHQWV WKDW SHGLDWULF ELSRODU GLVRUGHU
IUHTXHQWO\RQVHWVLQWKHSUHVFKRRO\HDUV'HVSLWH¿QGLQJVIURPSKDUPDFRHS
LGHPLRORJLFDO VWXGLHV VKRZLQJ WKDW SV\FKRWURSLFV DUHZLGHO\ XVHG LQ WKLV
DJHJURXSWKHUHLVYHU\OLPLWHGLQIRUPDWLRQRQSKDUPDFRORJLFDOWUHDWPHQW
RISUHVFKRROHUVLQJHQHUDORUWKRVHZLWKELSRODUGLVRUGHULQSDUWLFXODU7KH
LGHQWL¿FDWLRQRIVDIHDQGHI¿FDFLRXVWUHDWPHQWGHSOR\HGSUR[LPDOO\WRWKH
RQVHWRIV\PSWRPVFDQUHVXOWLQHDUO\VWDELOL]DWLRQDQGEHWWHURXWFRPHVIRU
DIÀLFWHGFKLOGUHQ7KHSXUSRVHRIWKLVVWXG\ZDVWRHYDOXDWHWKHVDIHW\DQG
HIIHFWLYHQHVVRIULVSHULGRQHDQGRODQ]DSLQHLQWKHWUHDWPHQWRISUHVFKRROHUV
ZLWK ELSRODU GLVRUGHU DQG H[WHQGLQJ WR WKLV DJH JURXS HPHUJLQJ HYLGHQFH
DV WR WKH XVHIXOQHVV RI WKHVHPHGLFLQHV LQ WKH WUHDWPHQW RI FKLOGUHQZLWK
PDQLD
0HWKRGV0DOHRU IHPDOHVXEMHFWV\HDUVRIDJHZHUH LQFOXGHG LQ WKH
WULDO (DFK VXEMHFW PHW FULWHULD IRU '60,9 ELSRODU , GLVRUGHU '60,9
ELSRODU ,,GLVRUGHURUELSRODUGLVRUGHU126DQGZHUHFXUUHQWO\GLVSOD\LQJ
PDQLFK\SRPDQLFRUPL[HGV\PSWRPVZLWKRUZLWKRXWSV\FKRWLFIHDWXUHV
DFFRUGLQJ WR WKH'60,9EDVHGRQ FOLQLFDO DVVHVVPHQWE\ERDUG FHUWL¿HG
FKLOG DQG DGROHVFHQW SV\FKLDWULVW 6XEMHFWV ZHUH DVVLJQHG UDQGRPO\ WR
PRQRWKHUDS\ZLWKHLWKHU ULVSHULGRQHRURODQ]DSLQH5LVSHULGRQHZDV LQLWL
DWHGDWDQRSHQODEHOGRVHRIPJGD\WREHLQFUHDVHGZHHNO\DFFRUGLQJ
WRUHVSRQVHDQGWROHUDELOLW\WRDPD[LPXPGRHVRIPJGD\2ODQ]DSLQH
ZDVLQLWLDWHGDWDQRSHQODEHOGRVHRIPJGD\WREHLQFUHDVHGZHHNO\
DFFRUGLQJWRUHVSRQVHDQGWROHUDELOLW\RIPJGD\
5HVXOWV 7KH FKDQJH IURP EDVHOLQH WR HQGSRLQW IRU V\PSWRPV RI PDQLD
<056ZDVVWDWLVWLFDOO\VLJQL¿FDQWIRUHDFKRIWKHPHGLFDWLRQVWHVWHG7D
EOH7KHUHVSRQVHFXUYHVLOOXVWUDWHGLQ)LJXUHRYHUWKHFRXUVHRIWKHWULDO
ZHUHQRWVWDWLVWLFDOO\VLJQL¿FDQWO\GLIIHUHQWIRURODQ]DSLQHDQGULVSHULGRQH
WUHDWHGVXEMHFWV7KHUHZDVVWDWLVWLFDOO\VLJQL¿FDQWLQFUHDVHLQZHLJKWIURP
EDVHOLQH WR HQGSRLQW LQ ERWK ULVSHULGRQH DQG RODQ]DSLQH WUHDWHG VXEMHFWV
+RZHYHUWKHPDJQLWXGHRIZHLJKWJDLQZDVVWDWLVWLFDOO\VLJQL¿FDQWO\JUHDWHU
LQVXEMHFWVWUHDWHGZLWKRODQ]DSLQHUHODWLYHWRWKRVHWUHDWHGZLWKULVSHULGRQH
YHUVXVNJUHVSHFWLYHO\) S ,QERWK
JURXSV WKHPRVW FRPPRQO\ UHSRUWHG VLGH HIIHFWVZHUH LQFUHDVHG DSSHWLWH
V\PSWRPVRIFRPPRQFROGKHDGDFKHVDQG
VHGDWLRQ
&RQFOXVLRQV 7KLV SURVSHFWLYH RSHQ VWXG\ VXJJHVWV WKDW WUHDWPHQWV ZLWK
ULVSHULGRQHDQGRODQ]DSLQHFDQUHVXOW LQDUDSLGUHGXFWLRQRIV\PSWRPVRI
PDQLDLQSUHVFKRROFKLOGUHQZLWKELSRODUGLVRUGHU+RZHYHUEHFDXVHRIWKH
VXEVWDQWLDOUHVLGXDOV\PSWRPDWRORJ\DQGDGYHUVHHIIHFWVREVHUYHGWKHUHLVD
SUHVVLQJQHHGIRULGHQWLI\LQJDGGLWLRQDOVDIHDQGHIIHFWLYHWUHDWPHQWVIRUWKH
PDQDJHPHQWRIELSRODUGLVRUGHULQWKLVSRSXODWLRQ
7DEOH
5LVSHULGRQH 2ODQ]DSLQH
1  1  SYDOXH
$JH   
0DOH   
&*,DW%DVHOLQH
0DQLD   1$
'HSUHVVLRQ   
'RVHPJGD\   1$
'URS2XWV   
32
$Q2SHQ([WHQGHG7ULDORI5LVSHULGRQHLQ<RXWKZLWK%LSRODU
'LVRUGHU
-RVHSK%LHGHUPDQ
0DVVDFKXVHWWV*HQHUDO+RVSLWDO86$
(ULF0LFN
2EMHFWLYHV2XU3UHYLRXVRSHQODEHODFXWHVWXG\GRFXPHQWHG WKDW ULVSHUL
GRQHWUHDWPHQWZDVHI¿FDFLRXVDQGZHOOWROHUDWHGLQWKHVKRUWWHUPWUHDWPHQW
RIPDQLD LQ\RXWKZLWKELSRODUGLVRUGHU7KHSXUSRVHRI WKLVVWXG\ZDV WR
SURVSHFWLYHO\HYDOXDWHWKHVDIHW\DQGHIIHFWLYHQHVVRIORQJWHUPULVSHULGRQH
PRQRWKHUDS\LQWKHWUHDWPHQWRIPDQLDLQELSRODU\RXWK
0HWKRGV7KLVZDVDPRQWKRSHQODEHOSURVSHFWLYHVWXG\RIULVSHULGRQH
PRQRWKHUDS\6XEMHFWVZHUHVHHQPRQWKO\6HYHULW\RIV\PSWRPVRIPDQLD
ZHUH DVVHVVHGPRQWKO\ZLWK WKH<RXQJ0DQLD 5DWLQJ 6FDOH <0567R
DVVHVVFOLQLFDOO\VLJQL¿FDQWVHYHULW\DQG LPSURYHPHQWUHODWLYH WREDVHOLQH
ZH XVHG WKH 1,0+ &OLQLFDO *OREDO ,PSUHVVLRQ &*, RI VHYHULW\PDQLD
&*,6DQGLPSURYHPHQWPDQLD&*,,VFDOHV6XEMHFWVZHUHHOLJLEOHWR
HQWHUWKHVWXG\LIWKH\$FRPSOHWHGDSUHYLRXVZHHNDFXWHVWXG\RIRSHQ
ODEHOWUHDWPHQWZLWKULVSHULGRQHPRQRWKHUDS\DQG%ZHUHFRQVLGHUHGWREH
UHVSRQGHUVWRWUHDWPHQWZLWKULVSHULGRQH3RVLWLYHUHVSRQVHWRWUHDWPHQWZDV
GHWHUPLQHGWREHHLWKHUDQLPSURYHPHQWE\RQWKH<RXQJ0DQLD5DWLQJ
6FDOHRUDQLPSURYHPHQWRQWKH&OLQLFDO*OREDO6FDOHRI,PSURYHPHQWRI
PXFKRUYHU\PXFKLPSURYHG
5HVXOWV2I WKHVXEMHFWVHQUROOHGFRPSOHWHG WKH¿UVWZHHNDFXWH
SKDVHRIWKHWULDO7KLUW\IRXURIWKHVXEMHFWVFRPSOHWLQJWKHZHHN
DFXWHSKDVH WULDO 1 HQWHUHG WKHPRQWKH[WHQVLRQSKDVH7KHDYHU
DJHDJHRIVXEMHFWVHQWHULQJWKHPRQWKH[WHQVLRQZDV\HDUVDQG
1 ZHUHPDOH7KHPHDQ<056VFRUHDWZHHNIRUWKHVXEMHFWV
HQWHULQJSKDVHZDV1 KDGDWOHDVWDUHGXFWLRQLQ
<056VFRUHLQWKHDFXWHSKDVH1 KDGD&*,,DQGZHUH
FRQVLGHUHG LQ UHPLVVLRQ<0567KHDYHUDJH OHQJWKRI WUHDWPHQW IRU
WKH VXEMHFWV HQWHUHG LQWR WKH H[WHQVLRQ SKDVHZDV ZHHNV%RWK
LQWHQWLRQ WR WUHDW ,77DQGFRPSOHWHUVDQDO\VLVRI<056VFRUHVRYHU WKH
FRXUVHWKHWULDOLVSUHVHQWHGLQ)LJXUH,77/2&)ODVWREVHUYDWLRQFDUULHG
IRUZDUGYDOXHVDUHGHSLFWHGLQWKHOLQHJUDSKZLWKWKHSRLQWHVWLPDWHVRIWKH
<056YDOXHVIRUVXEMHFWVUHWXUQLQJIRUHDFKYLVLWFRPSOHWHUVDUHGHSLFWHG
E\ RSHQ FLUFOHV$OWKRXJKRQO\  1  RI WKH VXEMHFWV FRPSOHWHG WKH
PRQWKH[WHQVLRQSKDVH WKHVLPLODULW\RIHIIHFWVHHQ LQ WKHFRPSOHWHUµV
DQDO\VLVDQGWKH,77DQDO\VHVVXJJHVWV WKDW WKHUHDVRQVIRUGURSSLQJIURP
WKHVWXG\ZHUHQRWGXHWRPDQLFUHODSVH
&RQFOXVLRQV 7KH VKRUW WHUP HIIHFW RI ULVSHULGRQH RQ PDQLF V\PSWRPV
ZDVPDLQWDLQHGRYHUWKHPRQWKH[WHQVLRQVWXG\,IFRQ¿UPHGE\ODUJHU
FRQWUROOHG WULDOV WKHVHUHVXOWVVXJJHVW WKDW ULVSHULGRQHPD\EHHIIHFWLYH LQ
WUHDWLQJPDQLFV\PSWRPVLQERWKWKHVKRUWDQGORQJWHUP
5HIHUHQFHV
%LHGHUPDQ - 0LFN ( -RKQVRQ 0$ :R]QLDN - $OHDUGL 0 6SHQFHU 7
)DUDRQH69$3URVSHFWLYHRSHQODEHOWUHDWPHQWRIULVSHULGRQHPRQRWKHUDS\
LQFKLOGUHQDQGDGROHVFHQWVZLWKELSRODUGLVRUGHU-RXUQDORI&KLOGDQG$GR
OHVFHQW3V\FKRSKDUPDFRORJ\LQSUHVV
)LJXUH
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2)&7UHDWPHQWIRU%LSRODU'HSUHVVLRQLQ5DSLG&\FOLQJ
3DWLHQWV
-DQHO'DZHV
/LOO\5HVHDUFK/DERUDWRULHV86$
6DUD&RU\D3DXO(.HFN-U(GXDUG9LHWD:HQ;X
2EMHFWLYHV 2ODQ]DSLQHÀXR[HWLQH FRPELQDWLRQ 2)& KDV GHPRQVWUDWHG
HI¿FDF\ LQ WUHDWPHQW RI ELSRODU GHSUHVVLRQ 7KLV VHFRQGDU\ DQDO\VLV RI
!&&%#4)6%¬$)3/2$%23¬")0/,!2	¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
SDWLHQWVZLWKDKLVWRU\RIUDSLGF\FOLQJ5&H[DPLQHVWKHHI¿FDF\RI2)&
DQGRODQ]DSLQH2/=GXULQJDPRQWKRSHQODEHO2/H[WHQVLRQ
0HWKRGVVXEMHFWVZLWKDQLQGH[GHSUHVVLYHHSLVRGHHQUROOHGLQDQ
ZHHNGRXEOHEOLQGUDQGRPL]HGWULDOZLWK5&SDWLHQWVUHFHLYLQJ2)&
Q  2/= Q  RU SODFHER Q  3DWLHQWV DFKLHYLQJ UHPLVVLRQ
0$'56<056HQWHUHG2/WUHDWPHQWUHFHLYLQJ2/=LQLWLDOO\DQG
VZLWFKLQJWR2)&DQ\WLPHDIWHURQHZHHNDVQHHGHG
5HVXOWV$VFRPSDUHGWRSODFHERDQG2/=PHDQFKDQJHLQWRWDO0$'56
VFRUHUHYHDOHG2)&WUHDWHG5&SDWLHQWVLPSURYHGVLJQL¿FDQWO\ZLWK
RIDFKLHYLQJUHPLVVLRQ'XULQJWKH2/SKDVHRI5&RI
 SDWLHQWV UHPDLQHG IUHH IURP UHODSVH YV  IRU QRQ5&SDWLHQWV
0HDQWLPHWRUHODSVH0$'56<056LQWRDQ\PRRGHSLVRGHZDV
GD\VIRUUDSLGF\FOHUVDQGGD\VIRUQRQUDSLGF\FOHUV0DQLDUHODSVH
RFFXUUHGLQRI5&SDWLHQWV
&RQFOXVLRQV $V PDQDJHPHQW RI GHSUHVVLRQ LV WKH SULPDU\ XQPHW QHHG
LQ 5& SDWLHQWV 2)&PD\ UHSUHVHQW DQ HI¿FDFLRXV WUHDWPHQW IRU ELSRODU
GHSUHVVLRQLQSDWLHQWVZLWKDKLVWRU\RIUDSLGF\FOLQJ/LOO\5HVHDUFK/DER
UDWRULHVVXSSRUWHGWKLVUHVHDUFK
5HIHUHQFHV
7RKHQ09LHWD(&DODEUHVH-HWDO(I¿FDF\RIRODQ]DSLQHDQGRODQ]D
SLQHÀXR[HWLQHFRPELQDWLRQLQ WKHWUHDWPHQWRIELSRODU,GHSUHVVLRQ$UFK
*HQ3V\FKLDWU\
 &DODEUHVH -5 6KHOWRQ0' %RZGHQ &/ HW DO %LSRODU UDSLG F\FOLQJ
IRFXVRQGHSUHVVLRQDV LWVKDOOPDUN-&OLQ3V\FKLDWU\6XSSO

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*HQGHU(IIHFWVRQWKH&RXUVHRI%LSRODU'LVRUGHU
.\RR6HRE+D
6HRXO1DWLRQDO8QLYHUVLW\%XQGDQJ+RVSLWDO.RUHD
%R6HRN&KD-HRQJ+\XQ.LP7DH+\XQ+D
2EMHFWLYHV*HQGHUGLIIHUHQFHVLQWKHFRXUVHRIELSRODUGLVRUGHUVDUHFOLQL
FDOO\LPSRUWDQW+RZHYHUWKLVLVVXHKDVQRWEHHQVWXGLHGVXI¿FLHQWO\DQGWKH
UHVXOWVDUHFRQÀLFWLQJ7KHSXUSRVHRIRXUVWXG\LVWRH[DPLQHWKHLQÀXHQFH
RIJHQGHURQWKHFOLQLFDOFRXUVHRIELSRODUGLVRUGHUV
0HWKRGV0HGLFDOUHFRUGVRIWKHKRVSLWDOL]HGSDWLHQWVZLWKGLDJQRVLVRI
ELSRODUGLVRUGHULQDXQLYHUVLW\KRVSLWDOIRU\HDUVZHUHUHYLHZHG0DOH
1 DQGIHPDOH1 ELSRODUSDWLHQWVZHUHFRPSDUHGZLWKUHVSHFW
WRVHYHUDOGHPRJUDSKLFDQGFOLQLFDOYDULDEOHV
5HVXOWV7KHUHZDVQRVLJQL¿FDQWGLIIHUHQFHVLQWKHW\SHRILQGH[HSLVRGHV
EHWZHHQ PDOH DQG IHPDOH SDWLHQWV GHSUHVVLRQ  YV  FKL
VTXDUH  S  )HPDOH SDWLHQWV KDG DQ HDUOLHU DJH DW RQVHW WKDQ
PDOHSDWLHQWV YV W S )LUVWSV\FKLDWULFPDQDJH
PHQW RIPRRG V\PSWRPVZDV DOVR VWDUWHG HDUOLHU LQ IHPDOH SDWLHQWV WKDQ
LQPDOHSDWLHQWVYVW S +RZHYHUWKHUHZDVQR
VLJQL¿FDQWGLIIHUHQFH LQ WKHGHOD\RI WLPH IRUFRUUHFWGLDJQRVLV \HDUV
YV  \HDUV W  S  5DWH RI VXLFLGDO DWWHPSW LQ IHPDOH ZDV
KLJKHUWKDQWKDWLQPDOHYVS 5DWHRISRODULW\VZLWFK
LQIHPDOHGXULQJLQGH[DGPLVVLRQVZDVDOVRKLJKHUWKDQWKDWLQPDOH
YVS
&RQFOXVLRQV )HPDOH SDWLHQWV VHHP WR KDYH DQ HDUOLHU RQVHW DQG DZRUVH
FRXUVHWKDQPDOHSDWLHQWV0RUHVWXGLHVRQWKHJHQGHUHIIHFWVRQWKHORQJ
WHUPFRXUVHRIELSRODUGLVRUGHUDUHQHFHVVDU\
32
9DOLGDWLRQRI8.86(563DWLHQW9HUVLRQIRU%LSRODU3DWLHQWV
.\RR6HRE+D
6HRXO1DWLRQDO8QLYHUVLW\%XQGDQJ+RVSLWDO.RUHD
-HRQJ+\XQ.LP-XQJ$K+RQJ7DH+\XQ+D
2EMHFWLYHV 6LGH HIIHFWV RI GUXJV PD\ FDXVH GLVFRPIRUW SRRU WUHDWPHQW
FRPSOLDQFHDQGTXDOLW\RIOLIHRISDWLHQWV,QSDWLHQWVZLWKPRRGV\PSWRPV
LWPD\EHGLI¿FXOWWRGLIIHUHQWLDWHVLGHHIIHFWVIURPV\PSWRPV5HFHQWWUHQGV
RI SRO\SKDUPDF\PD\ FRQWULEXWH WRPRUH VLGH HIIHFWV 5HOLDEOH DQG YDOLG
DVVHVVPHQWRIVLGHHIIHFWVLVFUXFLDOIRUJRRGFOLQLFDOSUDFWLFH7KHDLPRI
WKLVVWXG\ZDVWRYDOLGDWHWKH8.86(563DWLHQWYHUVLRQIRUSDWLHQWVZLWK
ELSRODUGLVRUGHUV
0HWKRGV 7KH VXEMHFWV FRQVLVWHG RI  SDWLHQWV ZLWK ELSRODU GLVRUGHUV
XQGHU SRO\SKDUPDF\ 8.86(563DW ZDV WUDQVODWHG LQWR .RUHDQ DQG
WKHQZDVEDFNWUDQVODWHGLQWR(QJOLVKE\DELOLQJXDO)LYHLWHPVKDLUORVV
KDLU WKLQQLQJ DFQH HGHPD JDVWULF GLVFRPIRUW FRPPRQO\ FRPSODLQHG E\
SDWLHQWVZLWKELSRODUGLVRUGHUZKLFKZDVQRW OLVWHGRQ WKHRULJLQDO8.8
6(56 ZHUH DGGHG 7KH VHYHULW\ RI PRRG V\PSWRPV ZDVPHDVXUHG ZLWK
+$0' DQG <056 7KH SUHYDOHQFH DQG VHYHULW\ RI WKH VHOIUDWHG VLGH
HIIHFWVZDVFRPSDUHGZLWKWKHFRUUHVSRQGLQJUDWLQJVE\DVNLOOIXOFOLQLFLDQ
DFFRUGLQJWRWKH8.86(56&OLQ
5HVXOWV0RVWSDWLHQWVXVHGFRQFRPLWDQWPHGLFDWLRQVXFKDVPRRGVWDELOL]
HUV DW\SLFDO DQWLSV\FKRWLFV DQWLGHSUHVVDQWV DQG DQWLDQ[HLW\ PHGLFDWLRQV
7KH FRUUHODWLRQV RI FRUUHVSRQGLQJ LWHPV EHWZHHQ SDWLHQW DQG FOLQLFLDQ
UDWHG YHUVLRQV ZHUH VLJQL¿FDQWO\ KLJK WR \LHOG D JRRG UHOLDELOLW\ 1HZO\
DGGHGLWHPVDOVRVKRZHGVDWLVIDFWRU\UHOLDELOLW\,QPRVWLWHPVWKHUHZDV
DWHQGHQF\IRUSDWLHQWVWRUHSRUWVLGHHIIHFWVPRUHIUHTXHQWO\DQGVHYHUHO\
WKDQFOLQLFLDQVGLG7KHGLIIHUHQFHEHWZHHQSDWLHQWUDWHGDQGFOLQLFLDQUDWHG
VFRUHVZDVVLJQL¿FDQWO\FRUUHODWHGZLWK+$0'VFRUHV
&RQFOXVLRQV 7KH UHVXOWV VXJJHVW WKDW WKH 8.86(563DW LV YDOLG IRU
SDWLHQWV ZLWK ELSRODU GLVRUGHUV XQGHU SRO\SKDUPDF\ &OLQLFLDQV QHHG WR
FRQVLGHU WKDW SDWLHQWV ZLWK VHYHUH GHSUHVVLYH V\PSWRPV UHSRUW WKHLU VLGH
HIIHFWVPRUHJUDYHO\
32
7K\URLG'\VIXQFWLRQLQ/LWKLXP1DLYH%LSRODU3DWLHQWV
.\RR6HRE+D
6HRXO1DWLRQDO8QLYHUVLW\%XQGDQJ+RVSLWDO.RUHD
-HRQJ+\XQ.LP7DH+\XQ+D
2EMHFWLYHV$KLJKSUHYDOHQFHUDWHRIWK\URLGG\VIXQFWLRQKDVEHHQUHSRUWHG
LQSDWLHQWVZLWKELSRODUGLVRUGHUV+RZHYHUWKHXVHRIOLWKLXPPD\FRQWULE
XWHWRWKLVKLJKUDWHRIWK\URLGG\VIXQFWLRQ:HDVVHVVHGWKHSUHYDOHQFHRI
WK\URLGG\VIXQFWLRQLQOLWKLXPQDwYHSDWLHQWVZLWKELSRODUGLVRUGHUV
0HWKRGV7KH VXEMHFWVZHUH OLWKLXPQDwYHSDWLHQWVZLWK'60,9EL
SRODUGLVRUGHUVZKRYLVLWHGELSRODUGLVRUGHUVFOLQLFRIDXQLYHUVLW\KRVSLWDO
7K\URLGKRUPRQHDQG76+OHYHOVZHUHPHDVXUHG7K\URLGG\VIXQFWLRQZDV
GH¿QHGDVLQFUHDVHGRUGHFUHDVHG76+OHYHOSUHYLRXVGLDJQRVLVRIK\SRWK\
URLGLVPRUERWK6XEMHFWVZHUHDQDO\]HGZLWKDWWHQWLRQWRELSRODUVXEW\SHV
DQGJHQGHU
5HVXOWV7KHUDWHRIWK\URLGG\VIXQFWLRQLQWKHWRWDOVDPSOHZDVZKLFK
ZDVFRQVLGHUDEO\ORZHUWKDQWKDWUHSRUWHGLQRWKHUVWXGLHVZLWKELSRODUSD
WLHQWV7ZHQW\IRXUSDWLHQWVVKRZHG¿QGLQJVRIRYHUWRUVXEFOLQLFDO
K\SRWK\URLGLVPDQGSDWLHQWVVKRZHG¿QGLQJVRIK\SHUWK\URLGLVP
7KHUHZHUHQRVWDWLVWLFDOO\VLJQL¿FDQWGLIIHUHQFHVEHWZHHQSDWLHQWVZLWKEL
SRODUW\SH,DQGW\SH,,7KHGDWDDOVRVKRZHGQRGLIIHUHQFHVEHWZHHQPDOH
DQGIHPDOH
&RQFOXVLRQV7KHGDWDVKRZHGWKDWWKHUDWHRIWK\URLGG\VIXQFWLRQDPRQJ
OLWKLXPQDwYHELSRODUSDWLHQWVZDVVLPLODUZLWK WKDWRIJHQHUDOSRSXODWLRQ
/LWKLXPH[SRVXUHVPD\KDYHFRQWULEXWHGWRWKHKLJKUDWHRIWK\URLGG\VIXQF
WLRQRIWKHSUHYLRXVVLPLODUVWXGLHV)XUWKHULQYHVWLJDWLRQVRQWKHUHODWLRQVKLS
EHWZHHQELSRODUGLVRUGHUVDQGWK\URLGG\VIXQFWLRQZRXOGEHQHFHVVDU\
32
$VVRFLDWLRQ$QDO\VLVEHWZHHQWKH3RO\PRUSKLVPRI
1RUHSLQHSKULQH7UDQVSRUWHU*HQHDQG0RRG,QFRQJUXHQW
3V\FKRWLF)HDWXUHVLQ%LSRODU'LVRUGHU
$QQD/HV]F]\QVND5RG]LHZLF]
8QLYHUVLW\RI0HGLFDO6FLHQFHV'HSDUWPHQWRI$GXOW3V\FKLDWU\
3RODQG
0RQLND'PLWU]DN:HJODU]3LRWU0&]HUVNL
-DQXV].5\EDNRZVNL-RDQQD+DXVHU
2EMHFWLYHV7KH FDWHFKRODPLQHK\SRWKHVLV RI DIIHFWLYH GLVRUGHUV VXJJHVWV
WKDWGHSUHVVLRQLVDVVRFLDWHGZLWKDIXQFWLRQDOGHFUHDVHRIFDWHFKRODPLQHV
SDUWLFXODUO\QRUHSLQHSKULQH7KHUHLVFRQVLVWHQWHYLGHQFHWKDWSODVPDQRUH
SLQHSKULQHOHYHOLVUDLVHGGXULQJDQLQGLYLGXDOHSLVRGHRIPDMRUGHSUHVVLYH
GLVRUGHU1RUHSLQHSKULQHWUDQVSRUWHU1HWUHJXODWHV WKHOHYHORIQRUHSLQH
SKULQH VR QRUHSLQHSKULQH WUDQVSRUWHU JHQHZRXOG EH D FDQGLGDWH JHQH IRU
VWXGLHVRIELSRODUGLVRUGHU
0HWKRGV7KHVWXG\ZDVSHUIRUPHGRQSDWLHQWVZLWKELSRODUGLVRUGHUQ 
PDOH Q  IHPDOH Q  &RQWURO VXEMHFWV ZHUH EORRG GRQRUV Q 
!&&%#4)6%¬$)3/2$%23¬")0/,!2	¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
PDOH Q  IHPDOH Q ZKRZHUH QRW SV\FKLDWULFDOO\ DVVHVVHG7KH
VXEJURXSRISDWLHQWVZLWKSV\FKRWLFIHDWXUHVQRWFRQJUXHQWZLWKPRRGFRQ
WDLQHGQ SDWLHQWVPDOHVQ  IHPDOHVQ  $ VLOHQWSRO\PRUSKLVP
$*RI1HWORFDWHGLQH[RQZDVDQDO\VHGE\3&55)/3PHWKRG
5HVXOWV7KHUHZHUHQRGLIIHUHQFHV LQ WKH IUHTXHQF\RIJHQRW\SHVDQGDO
OHOHVEHWZHHQSDWLHQWVDQGFRQWUROVLQWKHZKROHJURXSRISDWLHQWVS 
IRUJHQRW\SHVS IRUDOOHOHV'LYLGLQJWKHSDWLHQWVDFFRUGLQJWRWKH
JHQGHUQRGLIIHUHQFHVLQWKHIUHTXHQF\RIHLWKHUJHQRW\SHVRUDOOHOHVZHUH
IRXQGDVZHOOS IRUJHQRW\SHVS IRUDOOHOHVIRUPDOHVS 
IRUJHQRW\SHVS IRUDOOHOHVIRUIHPDOHV6HSDUDWLQJIURPWKHZKROH
JURXSRIELSRODUSDWLHQWVWKHJURXSRISDWLHQWVZLWKSV\FKRWLFIHDWXUHVQRW
FRQJUXHQWZLWKPRRGZHIRXQGDQDVVRFLDWLRQZLWKLQ WKHZKROHVXEJURXS
S IRUJHQRW\SHVS IRUDOOHOHV'LGYLGLQJWKHVXEJURXSDFFRUG
LQJWRWKHJHQGHUZHIRXQGDQDVVRFLDWLRQLQWKHJURXSRIIHPDOHVS 
IRUJHQRW\SHVS IRUDOOHOHVEXWQRW LQPDOHVS IRUJHQRW\SHV
S IRUDOOHOHV
&RQFOXVLRQV5HVXOWVRIRXUVWXG\VXJJHVWWKDWWKHSRO\PRUSKLVPRIQRUH
SLQHSKULQHWUDQVSRUWHUJHQHLVDVVRFLDWHGZLWKPRRGLQFRQJUXHQWIHDWXUHVLQ
SDWLHQWVZLWKELSRODUGLVRUGHU
5HIHUHQFHV
6FKLOGNUDXW--7KHFDWKHRODPLQHK\SRWKHVLVRIDIIHFWLYHGLVRUGHUV$
UHYLHZRIVXSSRUWLQJHYLGHQFH$P-RI3V\FK
2ZHQ'1RUHSLQHSKULQHWUDQVSRUWHWUJHQHSRO\PRUSKLVPLVQRWDV
VRFLDWHGZLWKVXVFHSWLELOLW\WRPDMRUGHSUHVVLRQ3V\FK5HV
%UVV0&KURPRVRPDOPDSSLQJRI WKHKXPDQJHQH IRU WKH WULFLFOLF
DQWLGHSUHVVDQWVHQVLWLYH QRUDGUHQDOLQH WUDQVSRUWHU +XP *HQHW 

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&DQGLGDWH*HQHVLQ%LSRODU6DUGLQLDQ3DWLHQWV$&DVH
&RQWURO6WXG\
*LRYDQQL6HYHULQR
'HSDUWPHQWRI1HXURVFLHQFHV8QLYHUVLW\RI&DJOLDUL,WDO\
'RQDWHOOD&RQJLX$OHVVLR6TXDVVLQD&DWHULQD&KLOORWWL
6WHIDQLD0XODV5DIIDHOOD$UGDX0DULD3DROD3LFFDUGL
2EMHFWLYHV6HYHUDOOLQHVRIHYLGHQFHSRLQWWRDUROHIRUGRSDPLQHDQGVHUR
WRQLQQHXURWUDQVPLVVLRQLQPRRGGLVRUGHUVDQGLQSDUWLFXODULQELSRODUGLVRU
GHU7KLVLVDJHQHWLFFRPSOH[GLVHDVHZKHUHWKHFKRLFHRISKHQRW\SLFGH¿QL
WLRQDQGWKHHWKQLFFKDUDFWHULVWLFVRIDSRSXODWLRQPD\SOD\DQLPSRUWDQWUROH
LQWKHLGHQWL¿FDWLRQRIVXVFHSWLELOLW\JHQHV&DQGLGDWHJHQHDSSURDFKHVDUH
OLNHO\WRUHPDLQWKHSULPDU\IRFXVRIJHQHWLFDVVRFLDWLRQVWXGLHVIRUUHDVRQV
RIERWKFRVWDQGVWDWLVWLFDOSRZHU,QWKLVFRQWH[WZHFRQGXFWHGDFDVHFRQ
WUROVWXG\LQRUGHUWRLQYHVWLJDWHDSRVVLEOHDVVRFLDWLRQEHWZHHQWKHELSRODU
, %3 , GLVRUGHU DQG WKH IROORZLQJ FDQGLGDWH JHQHV XVLQJ SRO\PRUSKLF
PDUNHUVDWWKHGRSDPLQH'UHFHSWRUJHQH'5'GRSDPLQH'UHFHSWRU
JHQH'5'GRSDPLQH'UHFHSUWRUJHQH'5'GRSDPLQHWUDQVSRUWHU
JHQH6/&$FDWHFKRO2PHWK\OWUDQVIHUDVH&207JHQHVHURWRQLQ$
+7$ UHFHSWRU JHQH +75$ VHURWRQLQ & +7& UHFHSWRU JHQH
+75&VHURWRQLQWUDQVSRUWHUJHQH6/&$
0HWKRGV:HJHQRW\SHGDVDPSOHRIXQUHODWHG6DUGLQLDQSDWLHQWV
PDOHVIHPDOHVDIIHFWHGE\%3,DFFRUGLQJWR'60,9FULWHULDDQG
KHDOWK\FRQWURODQRQ\PRXVEORRGGRQRUV PDOHV IHPDOHV3DWLHQWV
ZHUH UHFUXLWHGDW WKHRXWSDWLHQWVXQLWRI WKH&OLQLFDO3V\FKRSKDUPDFRORJ\
&HQWHU RI WKH 6HFWLRQ RI &OLQLFDO 3KDUPDFRORJ\ 'HSDUWPHQW RI 1HXUR
VFLHQFH8QLYHUVLW\RI&DJOLDUL/LIHWLPHFRQVHQVXVGLDJQRVHVZHUHDFKLHYHG
E\ WUDLQHG FOLQLFDO SV\FKRSKDUPDFRORJLVWV XVLQJ WKH6$'6/YHUVLRQ DQG
D V\VWHPDWLF UHYLHZRI WKHPHGLFDO UHFRUGV3DWLHQWV DQG FRQWUROV RI QRQ
6DUGLQLDQGHVFHQWZHUHDSULRULH[FOXGHG7KHVWXG\ZDVDSSURYHGE\ WKH
ORFDO(WKLFDO&RPPLWWHHDQGLQIRUPHGZULWWHQFRQVHQWREWDLQHGIURPERWK
SDWLHQWV DQG FRQWUROV 3RO\PRUSKLVPV KDYH EHHQ DQDO\]HG E\ SRO\PHUDVH
FKDLQUHDFWLRQ3&57KHGLIIHUHQFHVLQDOOHOHRUJHQRW\SHIUHTXHQFLHVEH
WZHHQJURXSVKDYHEHHQHVWLPDWHGE\)LVKHU¶VH[DFWWHVWȤRU0RQWH&DUOR
WHVW 3DLUHZLVH /' FRHI¿FLHQWV '¶DPRQJ WKH 613V KDYH EHHQ HVWLPDWHG
XVLQJ WKH SURJUDP7ZRORFXV /' FDOFXODWRU OG+DSORW\SH IUHTXHQFLHV
DUHLQIHUUHGE\([SHFWDWLRQ0D[LPL]DWLRQ(0PHWKRGXVLQJWKHSURJUDP
&2&$3+$6(
5HVXOWV:HIRXQGDVWDWLVWLFDOO\VLJQL¿FDQWGLIIHUHQFHLQDOOHOHIUHTXHQFLHV
EHWZHHQ%3,SDWLHQWVDQGFRQWUROVIRUWKUHH613VDWWKH'5'WKH7&
>SYDOXH 25 &, @WKH$*>SYDOXH 
25 &, @DQGWKH7&>SYDOXH 25 
&, @+DSORW\SHDQDO\VLVVKRZVDVLJQL¿FDQWJOREDO
FKLVTXDUH Ȥ GI S 2QHRI WKH WZRPDLQ UHSUH
VHQWDWLYH KDSORW\SHV WKH 7$& VKRZV D SYDOXH RI 
3RO\PRUSKLVPV VWXGLHG LQ WKH RWKHU JHQHV GLG QRW VKRZ DQ\ VLJQL¿FDQW
DVVRFLDWLRQ
&RQFOXVLRQV ,Q FRQFOXVLRQ LQ VSLWH RI WKH VPDOO VL]H RI WKH VDPSOH H[
DPLQHGDQGWKHQHHGRIUHSOLFDWLRQLQRWKHUW\SHVRISRSXODWLRQRXUVWXG\
VKRZVRQO\'5'PD\SOD\DUROHLQWKHHWLRORJ\RI%3,GLVRUGHU
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/\PSKRF\WH*5.P51$LV1RW$OWHUHGLQ%LSRODU3DWLHQWV
YV&RQWUROV
6KDOWLHO*DOLW
%HQ*XULRQ8QLYHUVLW\RIWKH1HJHYDQG0HQWDO+HDOWK&HQWHU
%HHUVKHYD,VUDHO
6KDPLU$ORQ/HYL,W]KDN%HUVXGVN\<XO\$JDP*DOLOD
%HOPDNHU5+
2EMHFWLYHV7KHUH LVHYLGHQFH IRUFKURPRVRPHVTDQGTDVVXVFHSWL
ELOLW\ ORFL IRUELSRODUGLVRUGHU/LQNDJH VWXGLHV LQ WKLVGLVRUGHUSRLQWHGDW
PDUNHUVRQFKURPRVRPHTSUR[LPDOWRWKHJHQHFRGLQJIRU*SURWHLQ
UHFHSWRUNLQDVH*5.,QDVHULHVRIVWXGLHVWKHJURXSRI.HOVRHVKRZHG
WKDW WZRRXW RI VL[ SRO\PRUSKLF YDULDQWV RI WKH*5.µ875SURPRWHU
ZHUH IRXQG WR EH DVVRFLDWHGZLWK ELSRODU GLVRUGHU *5. SURWHLQ OHYHOV
LQ O\PSKREODVWRLG FHOO OLQHV GHULYHG IURP ELSRODU SDWLHQWV EHORQJLQJ WR
IDPLOLHVZLWK OLQNDJH WRFKURPRVRPHTZHUHGHFUHDVHGFRPSDUHG WR
WKRVHRIFRQWUROVXEMHFWVDQGFRUUHODWHGZLWKGLVHDVHVHYHULW\5DWV WUHDWHG
ZLWKPHWDPSKHWDPLQHDQDQLPDOPRGHOIRUSV\FKRWLFPDQLDGHPRQVWUDWHG
XSUHJXODWLRQRI*5.H[SUHVVLRQLQWKHSUHIURQWDOFRUWH[
*5. LV D F\WRVROLFPHPEHU RI WKH*5.V IDPLO\ SOD\LQJ D NH\ UROH LQ
KRPRORJRXVGHVHQVLWL]DWLRQRI*SURWHLQFRXSOHGUHFHSWRUVWKDWUHVSRQGWR
YDULRXV QHXURWUDQVPLWWHUV ,WV H[SUHVVLRQ LV SDUWLFXODUO\ KLJK LQ GRSDPLQ
HUJLF SDWKZD\V LQ WKH &16$OWHUDWLRQV LQ *5. H[SUHVVLRQPD\ DIIHFW
UHVSRQVLYHQHVVWRQHXURWUDQVPLWWHUVLJQDOLQJLQWKHEUDLQ7KXV*5.LVD
FDQGLGDWHJHQHIRULQYROYHPHQWLQWKHHWLRORJ\RIELSRODUGLVRUGHU
0HWKRGV:HFRPSDUHG*5.P51$OHYHOVLQIUHVKO\PSKRF\WHVIURP
QRQKRVSLWDOL]HGELSRODUSDWLHQWVIURPWKH%LSRODU&OLQLFDWWKH%HHU6KHYD
0HQWDO+HDOWK&HQWHUYVFRQWUROVXEMHFWVZLWKQRKLVWRU\RISV\FKLDWULF
LOOQHVVXVLQJUHDOWLPH573&5
5HVXOWV1RVLJQL¿FDQWGLIIHUHQFH LQ*5.P51$OHYHOVZDV IRXQGEH
WZHHQWKHWZRGLDJQRVWLFJURXSV
&RQFOXVLRQV7KH ODFNRIGLIIHUHQFH LQ O\PSKRF\WH*5.P51$ OHYHOV
EHWZHHQELSRODUSDWLHQWVDQGFRQWUROVXEMHFWVPD\VXJJHVWWKDWWKLVJHQHLV
QRWLQYROYHGLQWKHHWLRORJ\RIELSRODUGLVRUGHU$OWHUQDWLYHO\LWPD\EHWKDW
IUHVKO\PSKRF\WHVGRQRWUHÀHFWWKHSRVVLEOHGLVWXUEDQFHVWKDWWDNHSODFHLQ
WKHEUDLQWKHUHOHYDQWWLVVXHRISDWKRSK\VLRORJ\RISV\FKLDWULFGLVRUGHUV,WLV
DOVRSRVVLEOHWKDWSRVWWUDQVFULSWLRQDOPRGL¿FDWLRQVRI*5.P51$RFFXU
LQWKHVHSDWLHQWVUHVXOWLQJLQDOWHUHGSURWHLQOHYHOVDQGRUHQ]\PDWLFDFWLYLW\
:HFDQQRWUXOHRXWWKHSRVVLELOLW\WKDWDOWHUDWLRQVLQ*5.H[SUHVVLRQH[LVW
RQO\LQO\PSKRF\WHVIURPELSRODUSDWLHQWVEHDULQJRQHRIWKHSRO\PRUSKLF
YDULDQWVRIWKH*5.JHQHIRXQGWREHDVVRFLDWHGZLWKWKHGLVRUGHU
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&RUUHODWHVRI%ORRG/LSLGLQ$FXWH3KDVHRI%LSRODU'LVRUGHU
6KDQJ<LQJ7VDL
'HSDUWPHQWRI3V\FKLDWU\7DLSHL0HGLFDO8QLYHUVLW\	+RVSLWDO
7DLSHL7DLZDQ
<L/LQ+XDQJ+VLQ&KLHQ/HH&KLDR&KLF\&KHQ
2EMHFWLYHV$OWHUQDWLRQRIEORRGOLSLGVGXULQJDFXWHSKDVHRIELSRODUDIIHF
WLYHGLVRUGHUKDVEHHQUHSRUWHGLQWKH:HVWHUQSDWLHQWV$VFURVVHWKQLFDOGLI
IHUHQFHLQFLUFXODWLQJOLSLGVH[LVWVDQGFLUFXODWRU\GLVHDVHVDUHRQHSULQFLSDO
FDXVHRIPRUWDOLW\LQELSRODUGLVRUGHUZHDWWHPSWWRLQYHVWLJDWHWKHIDVWLQJ
VHUXPOLSLGOHYHOVDQGWKHLUFRUUHODWHVGXULQJDFXWHSKDVHRIELSRODUGLVRUGHU
LQWKH$VLDQSDWLHQWV
0HWKRGV:HUHFUXLWHGDFXWH LQSDWLHQWZLWKELSRODU ,GLVRUGHU '60,9
DQGDJHGEHWZHHQDQG\HDUV%ORRGVDPSOHVZHUHREWDLQHGDIWHUKU
IDVWLQJLQWKHQH[WPRUQLQJRIWKHLQGH[DGPLVVLRQ
5HVXOWV7KHUHZHUH IHPDOH DQGPDOHSDWLHQWVZLWKPHDQ
!&&%#4)6%¬$)3/2$%23¬")0/,!2	¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
\HDUVRIDJHLQWKLVVWXG\7KHPHDQOHYHORIFKROHVWHUROZDVPJ
G/ DQG WULJO\FHULGH ZDV  PJG/ +\SRFKROHVWHUROHPLD 
PJG/ZDVIRXQGLQSDWLHQWV6FRUHVRI+DPLOWRQ'HSUHVVLRQ
5DWLQJ6FDOHV KDG VLJQL¿FDQWO\SRVLWLYH UHODWLRQVKLSZLWK WKH IDVWLQJ FKR
OHVWHURO OHYHO3DWLHQWVZLWK DWRSLFGLVHDVH Q KDG VLJQL¿FDQWO\KLJKHU
FKROHVWHUROOHYHOVWKDQWKHUHVWRISDWLHQWV6FRUHVRI%ULHI3V\FKLDWULF5DWLQJ
6FDOHZHUHVLJQL¿FDQWO\QHJDWLYHFRUUHODWHGWRWULJO\FHULGHOHYHO
'LVFXVVLRQ7KHPHDQEORRGOLSLGOHYHOVRIDFXWHELSRODUSDWLHQWVDUHFRPSD
UDEOHWRWKRVHRIWKHJHQHUDOSRSXODWLRQLQ7DLZDQ+RZHYHUWKHSUHYDOHQFH
RIK\SRFKROHVWHUROHPLDLQ$VLDQELSRODUSDWLHQWVLVJUHDWHUWKDQLQWKH
:HVWHUQ UHSRUW &DVVLG\$WRSLFGLVHDVHV DQGGHSUHVVLYH V\PSWRPV
GXULQJ DFXWH SKDVH DUH DVVRFLDWHGZLWK KLJKHU FKROHVWHURO OHYHOV 6HYHULW\
RIRYHUDOOSV\FKLDWULFV\PSWRPVDUHDVVRFLDWHGZLWKORZHUWULJO\FHULGHOLNH
SODVPD VROXEOH LQWHUOHXNLQ UHFHSWRU V,/5 PD\ EH FRQVLGHUHG DV D
ELRORJLFDO LQGLFDWRU RIPDQLF VHYHULW\ 7VDL %ORRG OLSLGV DUHPRUH
UHOHYDQW WR GHSUHVVLRQ DQG SOD\ D UROH LQ WKH SDWKRSK\VLRORJ\ RI PRRG
GLVRUGHU
5HIHUHQFHV &DVVLG\ )  +\SRFKROHVWHUROHPLD GXULQJ PL[HG PDQLF
HSLVRGHV(XU$UFK3V\FKLDWU\&OLQ1HXURVFLHQFH
7VDL6<HWDO(IIHFWVRIV\PSWRPDWLFVHYHULW\RQHOHYDWLRQRISODVPD
VROXEOHLQWHUOHXNLQUHFHSWRULQELSRODUPDQLD-$IIHFW'LVRUG
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*O\FLQHLQ%LSRODU0DQLD
:LOOHP9HUKRHYHQ
8QLYHUVLW\0HGLFDO&HQWUH(UDVPXV5RWWHUGDP1HWKHUODQGV
5RFFR+RHNVWUD'XUN)HNNHV$QWRQ/RRQHQ6LHJIULHG7XLQLHU
2EMHFWLYHV'\VIXQFWLRQDOLW\RIWKH1PHWK\O'DVSDUWDWH10'$UHFHS
WRUFRPSOH[VHHPVWREHLQYROYHGLQWKHSDWKRSK\VLRORJ\RIIXQFWLRQDOSV\
FKRVHV*O\FLQHLVDQREOLJDWRU\FRDJRQLVWDWWKLVUHFHSWRU6HYHUDOVWXGLHV
KDYHGHVFULEHGWKHUHODWLRQEHWZHHQG\VIXQFWLRQRIWKHJO\FLQHPRGXODWRU\
VLWHDQGVFKL]RSKUHQLD7UHDWPHQWVWXGLHVZLWKRUDOJO\FLQHKDYHEHHQVXJ
JHVWLYH IRU V\PSWRPDWLF LPSURYHPHQW LQSV\FKRWLFGLVRUGHUV7KHSUHVHQW
VWXG\ZDVGHVLJQHGWRHOXFLGDWHWKHSRWHQWLDOUROHRIJO\FLQHLQSDWLHQWVZLWK
DPDQLFHSLVRGHRIWKHLUELSRODUDIIHFWLYHGLVRUGHU
0HWKRGV3ODVPDOHYHOVRIJO\FLQHDQGJOXWDPDWHZHUHPHDVXUHGLQELSR
ODUSDWLHQWVGXULQJWKHPDQLFSKDVHDQGDIWHUUHPLVVLRQDQGZHUHFRPSDUHG
WRPDWFKHGKHDOWK\FRQWUROVDQGHXWK\PLFELSRODUSDWLHQWVRQOLWKLXP
SURSK\OD[LV$OOSDWLHQWVZHUHRQPDLQWHQDQFHWUHDWPHQWZLWKOLWKLXPDQGRU
PRRG VWDELOL]LQJDQWLFRQYXOVDQWV6HYHULW\RIPDQLF V\PSWRPDWRORJ\ZDV
DVVHVVHGZLWK WKH<RXQJ0DQLD5DWLQJ6FDOH <056$QDO\VLVRIDPLQR
DFLGVZDVSHUIRUPHGE\PHDQVRI+3/&
5HVXOWV7KHPHDQWRWDOVFRUHRQWKH<056ZDVZKLFKLVFRPSDWLEOH
ZLWKPRGHUDWHO\VHYHUHPDQLFV\PSWRPV5HPLVVLRQZDVDFKLHYHGE\UDLV
LQJSODVPDOHYHOVRIOLWKLXPIURPWRPPROO$IWHUUHFRYHU\DPHDQ
<056VFRUHRIZDVIRXQG'XULQJWKHPDQLFHSLVRGHDVLJQL¿FDQWLQ
FUHDVHRIERWKJOXWDPDWHDQGJO\FLQHZDVIRXQGWKDWSHUVLVWHGDWUHPLVVLRQ
6XEVHTXHQWDQDO\VLVKRZHYHUVKRZHGWKDWWKHFKDQJHVLQJOXWDPDWHZHUH
UHODWHGWRWKHXVHRIDQWLFRQYXOVDQWV7KHOHYHOVRIJO\FLQHZHUHVLJQL¿FDQWO\
KLJKHULQWKHPDQLFSDWLHQWVDVFRPSDUHGWRKHDOWK\FRQWUROVDQGHXWK\PLF
FRQWUROVS7KHVHGLIIHUHQFHVSHUVLVWHGDIWHUUHPLVVLRQDQGFRXOGQRW
EHDWWULEXWHGWRWKHXVHRISV\FKRWURSLFV
&RQFOXVLRQV 7KHPDLQ ¿QGLQJ RI WKLV VWXG\ LV WKH VXVWDLQHG LQFUHDVH RI
WKH SODVPD JO\FLQH FRQFHQWUDWLRQ LQ SDWLHQWV ZLWK UHODSVLQJPDQLD ZKLFK
VXJJHVWVWKDWG\VIXQFWLRQRIWKH10'$UHFHSWRUFRPSOH[LVLQYROYHGLQWKH
SDWKRSK\VLRORJ\RIPDQLD7KXVFKDQJHV LQJOXWDPDWHUJLFQHXURWUDQVPLV
VLRQDUHK\SRWKHVL]HGWRSOD\DUROHLQWKHYXOQHUDELOLW\IRUWKHHPHUJHQFHRI
SV\FKRWLFUHODSVHVLQJHQHUDO
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1HXURLPPXQH,QWHUDFWLRQVLQ%LSRODU'LVRUGHU
3KDVLF'LIIHUHQFHV
$ELJDLO2UWL]'RPtQJXH]
%LSRODU'LVRUGHU&OLQLF1DWLRQDO,QVWLWXWHRI3V\FKLDWU\0H[LFR
&LW\0H[LFR
&DUORV%HUODQJD&LVQHURV'RULV*XWLpUUH]0RUD
0DULD+HUQiQGH]*XWLHUUH]/HQLQ3DYyQ5RPHUR
2EMHFWLYHV7RFKDUDFWHUL]HWKHQHXURHQGRFULQHDQGLPPXQRORJLFDOSUR¿OH
RI SDWLHQWV ZLWK ELSRODU GLVRUGHU %' LQ PDQLF %'P DQG GHSUHVVLYH
%'GSKDVHVE\ WKHTXDQWL¿FDWLRQRI WKHSODVPD OHYHOVRIFRUWLVRO WU\S
WRSKDQK\GUR[\WU\SWDPLQH+7DQGLQWHUOHXNLQV,/DQG
WXPRUQHFURVLVIDFWRU71)Į
0HWKRGVSDWLHQWVZLWKWKH%'GLDJQRVLVDQGPDWFKHGFRQWUROVZHUH
VWXGLHGDIWHUJLYLQJDQ LQIRUPHGFRQVHQW7KHVWXG\VXEMHFWVDJHG
\HDUVZHUH SK\VLFDOO\ KHDOWK\ SDWLHQWVZLWK D%' , GLDJQRVLV FRQ¿UPHG
E\ WKH VWUXFWXUDO GLDJQRVWLF LQWHUYLHZ DQG E\ D SV\FKLDWULVW ZLWK WKH
<RXQJ0DQLD5DWLQJ6FDOH<056VFRUHV!SRLQWVIRUPDQLFSDWLHQWV
Q  DQG ZLWK +DPLOWRQ 'HSUHVVLRQ 5DWLQJ 6FDOH +'56 VFRUHV !
IRUSDWLHQWVZLWK%' LQ WKHGHSUHVVLYHSKDVH Q 7KH LQFOXVLRQFULWHULD
LQFOXGHGDWOHDVWWZRZHHNVZLWKRXWDQ\NLQGRISV\FKRSKDUPDFRORJLFDORU
SKRWRWKHUDS\ WUHDWPHQWDQGDW OHDVW WKUHHPRQWKVZLWKRXW(&7WUHDWPHQW
)RUWKHH[FOXVLRQFULWHULDDQ\NLQGRILQIHFWLRXVGLVHDVHVDOOHUJLHVRUDQ\
RWKHUNLQGRIPHGLFDOLOOQHVVWKDWUHTXLUHGWUHDWPHQWZLWKLPPXQRVXSSUHVRUV
ZHUHLQFOXGHGDVZDVVXEVWDQFHDEXVHRUGHSHQGDQFHRUDQ\RWKHUGLDJQRVLV
HQD[LV,
3K\VLFDODQGODERUDWRU\H[DPLQDWLRQVZHUHSHUIRUPHGWRUXOHRXWDQ\LOOQHVV
(/,6$ZDVXVHGWRDQDO\]HWKHVHUXPF\WRNLQHVFRQFHQWUDWLRQDQG5,$WR
PHDVXUHFRUWLVROFRQFHQWUDWLRQLQXULQH
5HVXOWV7KHSODVPDOHYHOVRIFRUWLVRO71)ĮDQG,/ZHUHIRXQGVLJQL¿
FDQWO\LQFUHDVHGLQ%'PSDWLHQWVDVFRPSDUHGWR%'GDQGFRQWUROVFRUWLVRO
%'P%'GDQGFRQWUROVJPO
71)Į%'P%'GDQGFRQWUROV
SJPO,/%'P%'GDQGFRQWUROV
SJPO,/DQG,/SODVPDOHYHOVZHUHIRXQGVLJQL¿FDQWO\
LQFUHDVHGLQ%'GSDWLHQWVDVFRPSDUHGWR%'PDQGFRQWUROV
753DQG+7 DV ,/ DQG ,/ OHYHOVZHUH VLJQL¿FDQWO\GLPLQLVKHG LQ
%'GDQG%'PZKHQFRPSDUHGWRFRQWUROV>+7LQ%'P
%'G  DQG FRQWUROV  QJPO@6WDWLVWLFDOO\ VLJ
QL¿FDQWGLIIHUHQFHVZHUHDOVR IRXQG LQ&'&'&'DQG&'
VXESRSXODWLRQVEHWZHHQ%'PDQGFRQWUROV
&RQFOXVLRQV7KHVHUHVXOWVVXJJHVWDGLIIHUHQWLPPXQHPRGXODWLRQSDWWHUQ
EHWZHHQ WKH WZR SKDVHV RI %' VWDWHGHSHQGHQW DQGZKHQ FRPSDUHG WR
KHDOWK\VXEMHFWVUHYHDOLQJWKHLPSOLFDWLRQVRIWKHQHXURLPPXQHLQWHUDFWLRQV
LQSV\FKLDWULFGLVRUGHUV
5HIHUHQFHV
.URQIRO=5HPLFN'&\WRNLQHVDQGWKHEUDLQLPSOLFDWLRQVIRUFOLQLFDO
SV\FKLDWU\$P-3V\FKLDWU\
6KDQJ<LQJ7<L<XDQ<&KLDQ-XH.&KLDR&KLF\&6\-\H&
³(IIHFWVRIV\PSWRPDWLFVHYHULW\RQHOHYDWLRQRISODVPDVROXEOHLQWHUOHXNLQ
 UHFHSWRU LQ ELSRODU PDQLD´ -RXUQDO RI $IIHFWLYH 'LVRUGHUV  

32
9DULDWLRQVLQWKH1HXURQDO1LFRWLQLF$FHW\OFKROLQH5HFHSWRU
$OSKD6XEXQLW*HQH&+51$DQG6XVFHSWLELOLW\WR
%LSRODU,'LVRUGHU
)DON:/RKRII
8QLYHUVLW\RI3HQQV\OYDQLD3$86$
7KRPDV1)HUUDUR-RKQ3'DKO&DQGLFH6FKZHEHO
:DGH+%HUUHWWLQL
2EMHFWLYHV7KH QHXURQDO QLFRWLQLF DFHW\OFKROLQH UHFHSWRU DOSKD  VXEXQLW
JHQH &+51$PDSV WR WKH ELSRODU VXVFHSWLELOLW\ ORFXV RQ FKURPRVRPH
S*LYHQWKHELRORJLFDOUROHRIWKHQHXURQDOQLFRWLQLFDFHW\OFKROLQHUH
FHSWRUVDQGWKHVXEVWDQWLDOFRPRUELGLW\RIQLFRWLQHGHSHQGHQFHLQSV\FKLDWULF
GLVRUGHUVWKH&+51$JHQHLVDSODXVLEOHFDQGLGDWHJHQHIRUELSRODUGLV
RUGHU%3':HWHVWHGWKHK\SRWKHVLVWKDWYDULDWLRQVLQWKH&+51$JHQH
FRQIHUVXVFHSWLELOLW\WRELSRODU,GLVRUGHULQDFDVHFRQWURODVVRFLDWLRQVWXG\
!&&%#4)6%¬$)3/2$%23¬")0/,!2	¬¬0OSTER¬3ESSION¬.O
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
0HWKRGV *HQRW\SHV RI RQH DPLQR DFLG VXEVWLWXWLRQ SRO\PRUSKLVP
$OD7KUDQG¿YHQRQFRGLQJYDULDWLRQVDFURVVWKH&+51$JHQHZHUH
REWDLQHG IURP  XQUHODWHG ELSRODU , SDWLHQWV DQG  FRQWURO VDPSOHV
*HQRW\SHVDQGDOOHOHIUHTXHQFLHVZHUHFRPSDUHGEHWZHHQJURXSVXVLQJ&KL
VTXDUHFRQWLQJHQF\DQDO\VLV/LQNDJHGLVHTXLOLEULXP/'EHWZHHQPDUNHUV
ZDVFDOFXODWHGDQGHVWLPDWHGKDSORW\SHIUHTXHQFLHVZHUHFRPSDUHGEHWZHHQ
JURXSV
5HVXOWV:HREVHUYHGQRVWDWLWLVWLFDOO\VLJQL¿FDQWGLIIHUHQFHLQJHQRW\SHDQG
DOOHOHIUHTXHQFLHVIRUDOOVL[YDULDWLRQVEHWZHHQELSRODUSDWLHQWVDQGFRQWUROV
EXWFRXOGGHPRQVWUDWHVWURQJ/'WKURXJKRXWWKHJHQH+DSORW\SHDQDO\VLV
VKRZHGWKDWQRFRPELQDWLRQVRIDOOHOHVZHUHDVVRFLDWHGZLWKLOOQHVV
&RQFOXVLRQV2XUUHVXOWVVXJJHVWWKDWFRPPRQYDULDWLRQVLQWKH&+51$
JHQH DUH XQOLNHO\ WR FRQIHU VXVFHSWLELOLW\ WR%3' LQ WKLV VDPSOH )XUWKHU
VWXGLHVDUHUHTXLUHGWRHOXFLGDWHWKHVXVFHSWLELOLW\ORFXVIRU%3'RQFKURPR
VRPHS
32
3RVWHU6HVVLRQ1R
32
%LSRODU'LVRUGHUZLWK&KLOGKRRGRQVHW$'+'
%RUUDV/DXUHQFH
6DLQW/XF8QLYHUVLW\+RVSLWDORI%UXVVHO%HOJLXP
(\WDQ$ULHO+XJXHOHW3KLOLSSH&RQVWDQW(ULF
6WDWHPHQWRI WKH VWXG\$WWHQWLRQGH¿FLW K\SHUDFWLYLW\GLVRUGHU $'+'
LV IUHTXHQWO\DVVRFLDWHGZLWKYDULRXVSV\FKLDWULFGLVRUGHUV&RRFFXUUHQFH
RI$'+'DQGELSRODUGLVRUGHULVGHVFULEHGLQWKHOLWHUDWXUHEXWWKHXQGHU
O\LQJ K\SRWKHVLV WKDW FRXOG H[SODLQ WKLV DVVRFLDWLRQ DUH GHEDWHG 2Q WKH
EDVLVRIDFOLQLFDOREVHUYDWLRQZHUHYLHZDYDLODEOHGDWDDERXWWKLVVSHFL¿F
FRPRUELGLW\
0HWKRGV:HGHVFULEH WKH FDVH RI D \HDUROGPDOH SDWLHQWZLWK FKLOG
KRRGRQVHW$'+'ZKRGHYHORSHGDQ DQWLVRFLDO SHUVRQDOLW\ DQG DELSRODU
GLVRUGHUZLWKPDQLFHSLVRGHV\HDUVDIWHUWKHLQLWLDOGLDJQRVLVRI$'+'
$0HGOLQHVHDUFKZDVSHUIRUPHGLQRUGHUWRLGHQWLI\SRVVLEOH
OLQNVEHWZHHQ$'+'LQFKLOGKRRGDQGELSRODUGLVRUGHULQDGXOWV
6XPPDU\ RI UHVXOWV$OWKRXJK DQ DVVRFLDWLRQ EHWZHHQ ERWK GLVRUGHUV LV
UHFRJQL]HGPHFKDQLVPVDQGFDXVDOUHODWLRQVKLSVUHPDLQXQFHUWDLQ&KLOGUHQ
GLDJQRVHGZLWK$'+'PD\KDYHXQUHFRJQLVHGPRRGGLVRUGHUVHVSHFLDOO\
ELSRODULW\,WLVQRWHZRUWK\WKDWKDOIRIFKLOGUHQGLDJQRVHGZLWK$'+'KDYH
DIDPLO\KLVWRU\RIPRRGGLVRUGHU7KHVHFKLOGUHQDUHDOVRDWKLJKHUULVN
RIDQWLVRFLDOSHUVRQDOLW\DQGVXEVWDQFHDEXVHLQDGXOWKRRG
&RQFOXVLRQV &KLOG SV\FKLDWULVWV DQG SDHGLDWULFLDQV VKRXOG DZDUH RI WKH
SRVVLEOHFRRFFXUUHQFHRIDPRRGGLVRUGHULQFKLOGUHQZLWK$'+')XWXUH
UHVHDUFKLQSV\FKLDWU\QHXURORJ\DQGJHQHWLFVZLOOKRSHIXOO\HOXFLGDWHWKH
QDWXUHRIWKHOLQNVEHWZHHQWKHVHWZRGLVRUGHUV
5HIHUHQFHV
2FFXOWPRRGGLVRUGHUVLQFRQVHFXWLYHO\SUHVHQWLQJFKLOGUHQUHIHUUHG
IRUWKHWUHDWPHQWRIDWWHQWLRQGH¿FLWK\SHUDFWLYLW\GLVRUGHULQDFRPPXQLW\
PHQWDOKHDOWKFOLQLF'LOVDYHU6&+HQGHUVRQ)XOOHU6$NLVNDO+6-&OLQ
3V\FKLDWU\2FWTXL]
 3V\FKLDWULF FRPRUELGLWLHV LQ FKLOGUHQ ZLWK DWWHQWLRQ GH¿FLW K\SHU
DFWLYLW\ GLVRUGHU LPSOLFDWLRQV IRU PDQDJHPHQW 3OLV]ND 65 3DHGLDWU
'UXJV
32
3LWXLWDU\9ROXPHLQ3DWLHQWVZLWK%LSRODU'LVRUGHU
3%UDPELOOD
'HSDUWPHQWRI3DWKRORJ\DQG([SHULPHQWDODQG&OLQLFDO0HGL
FLQH6HFWLRQRI3V\FKLDWU\8QLYHUVLW\RI8GLQH,WDO\
.7RXUQLNLRXWL5&HULQL/3HOL]]D1'XVL1$QGUHRQH
*0DUUHOOD*5DPEDOGHOOL$9HUVDFH&%DUEXL07DQVHOOD
$LPV3LWXLWDU\JODQGYROXPHKDVEHHQIRXQGWREHVPDOOHULQELSRODUGLV
RUGHUDGXOWVFRPSDUHGWRKHDOWK\FRQWUROV6DVVLHWDOZKLFKPD\EH
FRQVLVWHQWZLWK+3$G\VIXQFWLRQ UHSRUWHG LQ WKLV LOOQHVV:H FRQGXFWHG D
VWXG\LQDQDGXOW,WDOLDQSRSXODWLRQRIELSRODUGLVRUGHUVXEMHFWVWRUHSOLFDWH
SUHYLRXV¿QGLQJV
0HWKRGV05,PRUSKRPHWULFDQDO\VLVRIWKHSLWXLWDU\JODQGZDVSHUIRUPHG
LQ'60,9DGXOWVZLWKELSRODUGLVRUGHUPHDQDJH6' DQG
PDWFKHGQRUPDO FRQWUROV PHDQDJH6' 6XEMHFWVXQGHU
ZHQWD705,ZLWK'035$FTXLVLWLRQ
5HVXOWV %LSRODU SDWLHQWV DQG QRUPDO FRQWUROV GLG QRW VLJQL¿FDQWO\ GLIIHU
IRU SLWXLWDU\JODQGYROXPHV $1&29$ ,&9DV FRYDULDWH S!7KHUH
ZDVQRFRUUHODWLRQEHWZHHQDJHDQGSLWXLWDU\JODQGYROXPHLQHLWKHUELSRODU
GLVRUGHURUFRQWUROJURXS3HDUVRQ¶VFRUUHODWLRQFRHI¿FLHQWVS!
&RQFOXVLRQV1RHYLGHQFHRIVL]HDEQRUPDOLWLHVLQWKHSLWXLWDU\JODQGZDV
IRXQGLQRXU,WDOLDQELSRODUVDPSOHFRQWUDULO\WRDSULRUUHSRUW6DVVLHWDO
7KH GLVFUHSDQF\ DPRQJ WKHVH¿QGLQJVPD\EH H[SODLQDEOH E\ GLI
IHUHQFHVLQSDWLHQWVDPSOHVWXGLHGEHLQJRXUSDWLHQWVROGHUDQGFKURQLFDOO\
WUHDWHGZLWKSV\FKRWURSLFV+RZHYHUDUHFHQWVWXG\UHSRUWHGQRDEQRUPDO
SLWXLWDU\JODQGVL]HLQSHGLDWULFELSRODUSDWLHQWV&KHQHWDO)XUWKHU
VWXGLHVDUHH[SHFWHGWREHWWHULQYHVWLJDWHWKHUHODWLRQVKLSRISLWXLWDU\JODQG
ZLWKGHYHORSPHQWDQG+3$IXQFWLRQLQVXEMHFWVZLWKELSRODUGLVRUGHU
32
%LSRODU'LVRUGHU+LVWRU\DQG3UHYHQWLRQZLWK2ODQ]DSLQHDQG
/LWKLXP
0LFKDHO*&DVH
(OL/LOO\DQG&RPSDQ\86$
-RKQ3+RXVWRQ7HUHQFH$.HWWHU5LFKDUG&5LVVHU
$GDP0H\HUV
2EMHFWLYHV3UHYHQWLRQRI UHFXUUHQWPDQLFHSLVRGHVHDUO\ LQ WKHFRXUVHRI
ELSRODUGLVRUGHUPD\LPSURYHRYHUDOOSDWLHQWSURJQRVLV:HDVVHVVHGWUHDW
PHQWGLIIHUHQFHVLQSUHYHQWLRQRIPRRGHSLVRGHVLQSDWLHQWVVXEJURXSHGE\
QXPEHURISUHYLRXVPDQLFHSLVRGHV
0HWKRGV7KLVZDVDSRVWKRFDQDO\VLVRIGDWDIURPDGRXEOHEOLQGUDQG
RPL]HGVWXG\RIUHODSVHUHFXUUHQFH LQLQLWLDOO\HXWK\PLFSDWLHQWVZLWK
ELSRODU,GLVRUGHUUDQGRPO\DVVLJQHGWRRODQ]DSLQHQ PJGD\RU
OLWKLXPQ VHUXPOHYHORIWRP(T/3DWLHQWVZHUHVXEFDWHJR
UL]HGE\WKHQXPEHURISUHYLRXVPDQLFHSLVRGHVHDUO\VWDJHRODQ]DSLQH
Q  OLWKLXP Q   LQWHUPHGLDWH  WR  RODQ]DSLQH Q  OLWKLXP
Q DQGODWHVWDJH!RODQ]DSLQHQ OLWKLXPQ 3DWLHQWVZHUH
WKHQHYDOXDWHGIRUUHODSVHUHFXUUHQFHUDWHVRIPDQLFPL[HGDQGGHSUHVVLYH
HSLVRGHV
5HVXOWV5DWHVRIPDQLFPL[HGUHFXUUHQFHVIRURODQ]DSLQHYHUVXVOLWKLXP
WUHDWHG SDWLHQWV ZHUH IRU HDUO\ VWDJH  YHUVXV  S  IRU
LQWHUPHGLDWHVWDJHYHUVXVS DQGIRUODWHVWDJH
YHUVXV  S  5DWHV RI GHSUHVVLYH UHFXUUHQFHVZHUH QRW VLJQL¿
FDQWO\GLIIHUHQWE\WUHDWPHQWIRUWKHVDPHVXEJURXSV
&RQFOXVLRQV(DUO\VWDJHSDWLHQWVWUHDWHGZLWKRODQ]DSLQHKDGDVLJQL¿FDQW
O\ORZHUUDWHRIUHFXUUHQFHRIPDQLFHSLVRGHVWKDQOLWKLXPWUHDWHGSDWLHQWV
LQWKHVDPHVXEJURXS3DWLHQWVLQLQWHUPHGLDWHDQGODWHVWDJHVXEJURXSVGLG
QRWKDYHVLJQL¿FDQWWUHDWPHQWGLIIHUHQFHVLQUDWHVRIPDQLFUHFXUUHQFH
5HIHUHQFHV
3RVW507UDQVGXFWLRQRISV\FKRVRFLDOVWUHVVLQWRWKHQHXURELRORJ\
RIUHFXUUHQWDIIHFWLYHGLVRUGHU$P-3V\FKLDWU\
7RKHQ0*UHLO:&DODEUHVH-56DFKV*6<DWKDP/12HUOLQJKDXVHQ%0
.RXNRSRXORV$&DVVDQR*%+HLQ]*/LFKW5:'HOO¶2VVR/(YDQV$5
5LVVHU55%DNHU5:&UDQH+'RVVHQEDFK05%RZGHQ&/ LQ SUHVV
2ODQ]DSLQHYHUVXV OLWKLXP LQ UHODSVHUHFXUUHQFHSUHYHQWLRQ LQELSRODUGLV
RUGHUD UDQGRPL]HGGRXEOHEOLQGFRQWUROOHGPRQWKFOLQLFDO WULDO$P-
3V\FKLDWU\
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1R$VVRFLDWLRQEHWZHHQ7UDFH$PLQH5HFHSWRU
3RO\PRUSKLVPDQG%LSRODU$IIHFWLYH'LVRUGHU
3LRWU&]HUVNL
'HSDUWPHQWRI3V\FKLDWU\3R]QDQ8QLYHUVLW\RI0HGLFDO6FLHQFHV
3RODQG
$QQD/HV]F]\QVND5RG]LHZLF]0DJGDOHQD.DF]PDUNLHZLF])DVV
-DQXV].5\EDNRZVNL-RDQQD+DXVHU
2EMHFWLYHV 7UDFH DPLQHV DUH HQGRJHQRXV DPLQH FRPSRXQGV GLVSOD\LQJ
VLPLODULWLHVWRFODVVLFELRJHQLFDPLQHV7UDFHDPLQHVDUHSUHVHQWLQPDPPDOV
DWYHU\ORZOHYHOVWKH\KDYHWKHLURZQEUDLQUHFHSWRUV7UDFH$PLQH5HFHS
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
WRUV75$5DUHHQFRGHGE\JHQHVORFDWHGRQFKURPRVRPHT75$5
ZDVUHFHQWO\GHVFULEHGWREHDVVRFLDWHGZLWKVXVFHSWLELOLW\WRVFKL]RSKUHQLD
$ QXPEHU RI VWXGLHV VXSSRUW SRVVLELOLW\ RI VKDUHG JHQHWLF VXVFHSWLELOLW\
EHWZHHQVFKL]RSKUHQLDDQGELSRODUDIIHFWLYHGLVRUGHU7KHLQWHQWLRQRIWKLV
VWXG\ZDV WRSHUIRUPDFDVHFRQWURO DVVRFLDWLRQDQDO\VLVRI75$5SRO\
PRUSKLVPLQFDVHVZLWKELSRODUDIIHFWLYHGLVRUGHUDQGLQFRQWUROV
0HWKRGV 75$5 613 SRO\PRUSKLVP UV  *$ WUDQVLWLRQ ZDV
VWXGLHGLQSDWLHQWVZLWKELSRODUDIIHFWLYHGLVRUGHUPDOHVDQG
IHPDOHV DQG LQ  KHDOWK\ FRQWUROV  PDOHV DQG  IHPDOHV $OO
LQGLYLGXDOVSDUWLFLSDWLQJLQWKHVWXG\ZHUHUHFUXLWHGIURP3ROLVKSRSXODWLRQ
RI:LHONRSROVNDUHJLRQ,QIRUPHGFRQVHQWIURPLQGLYLGXDOVSDUWLFLSDWLQJLQ
WKHVWXG\ZDVREWDLQHG3DWLHQWVZHUHGLDJQRVHGXVLQJ6WUXFWXUHG&OLQLFDO
,QWHUYLHZIRU'60,9$[LV,'LVRUGHUV6&,'ZLWKFRQVHQVXVGLDJQRVLVRI
WZRSV\FKLDWULVWV7KHDQDO\VLVRI613UVZDVSHUIRUPHGE\3&5
5)/3PHWKRG
5HVXOWV:HREVHUYHGQRVWDWLVWLFDOO\VLJQL¿FDQWGLIIHUHQFHVLQWKHIUHTXHQF\
RI75$5JHQRW\SHVS IRUZKROHJURXSS IRUPDOHVS 
IRUIHPDOHV7KHUHZDVDOVRQRDVVRFLDWLRQIRU75$5DOOHOHVEHWZHHQSD
WLHQWVDQGFRQWUROVS IRUZKROHJURXSS IRUPDOHVS IRUIH
PDOHV)UHTXHQF\RI*DOOHOHZDVLQSDWLHQWVDQGLQFRQWUROV
&RQFOXVLRQV :H GLG QRW ¿QG WKH DVVRFLDWLRQ EHWZHHQ UV 613
SRO\PRUSKLVPRI75$5JHQH DQG ELSRODU DIIHFWLYH GLVRUGHU LQ WKH UHOD
WLYHO\ODUJHVDPSOH7KLVSUHOLPLQDU\UHVXOWGHPDQGVDQH[WHQGHGDQDO\VLVRI
DGGLWLRQDO613¶V:HHPSKDVL]HWKDWPRGHUQGHVLJQRIDVVRFLDWLRQVWXGLHV
ZLOO UHTXLUHFRPSOH[DQDO\VLVRIQXPHURXV613¶VFRYHULQJZKROHJHQH LQ
RUGHUWRGHWHUPLQHWKHUROHRI75$5JHQHLQWKHVXVFHSWLELOLW\WRELSRODU
DIIHFWLYHGLVRUGHU
5HIHUHQFHV
'XDQ-0DUWLQH]06DQGHUV$5+RX&6DLWRX1.LWDQR70RZU\%-
&URZH556LOYHUPDQ-0/HYLQVRQ')*HMPDQ393RO\PRUSKLVPV
LQWKHWUDFHDPLQHUHFHSWRU75$5JHQHRQFKURPRVRPHTDUHDV
VRFLDWHGZLWKVXVFHSWLELOLW\WRVFKL]RSKUHQLD$P-+XP*HQHW2FW

%UDQFKHN 7$ %ODFNEXUQ 73  7UDFH DPLQH UHFHSWRUV DV WDUJHWV IRU
QRYHOWKHUDSHXWLFVOHJHQGP\WKDQGIDFW&XUU2SLQ3KDUPDFRO)HE

32
$6KRUW3V\FKRHGXFDWLRQIRU%LSRODU3DWLHQWV
$QGUHDV(UIXUWK
%.+$XJVEXUJ*HUPDQ\
0DWWKLDV'REPHLHU0DWWKLDV=HFKHQGRUII
%DFNJURXQG 3V\FKRWKHUDS\ DQG SV\FKRHGXFDWLRQ DUH RI JURZLQJ LPSRU
WDQFHIRUWKHWUHDWPHQWRIELSRODUGLVRUGHUVFRQWUROOHGVWXGLHVKDYHVKRZQ
WKHVLJQL¿FDQWHIIHFWVRIVXFKLQWHUYHQWLRQV8QIRUWXQDWHO\RXWVLGHRIXQL
YHUVLW\VWUXFWXUHVLWLVTXLWHLPSRVVLEOHWRSURYLGHLQWHQVHSV\FKRHGXFDWLRQ
LQFORVHGJURXSVZLWKFRQVHFXWLYHPRGXOHVOLNHLQWKHDSSURDFKRI&RORP
HWDO
0HWKRGV)XUWKHUGHYHORSLQJWKHLUH[SHULHQFHZLWKVKRUWHUSURJUDPPHVDW
WKH8QLYHUVLW\+RVSLWDOLQ0QVWHUDWWKH'D\+RVSLWDOLQ&KDPDQGDWWKH
2XWSDWLHQWV'HSDUWPHQWRIWKH%.+$XJVEXUJWKHDXWKRUVSUHVHQWDVKRUW
SV\FKRHGXFWLRQZLWKWKHIROORZLQJPDLQFKDUDFWHULVLWLFVDZHHNO\JURXS
VHVVLRQVESDWLHQWVDUHDOORZHGWRHQWHUWKHJURXSDWDQ\WLPHFSDWLHQWV
FDQYLVLWWKHJURXSDVORQJDVWKH\ZDQW
5HVXOWV7KHPRGXOHVDUHKLJKO\ÀH[LEOHDQGFDQEHOHDUQHGTXLFNO\E\
WKHWKHUDSHXWLFSHUVRQQHO2QO\RQHPRGXOHUHTXLUHVWKHSUHVHQFHRIDSK\VL
FLDQVRWKDWGLIIHUHQWSURIHVVLRQDOJURXSVHJSV\FKRORJLVWVQXUVHVVRFLDO
ZRUNHUVDQGLQVWLWXWLRQVHJSXEOLFKHDOWKGHSDUWPHQWVLQUXUDODUHDVFDQ
RIIHUWKLVWKHUDS\
&RQFOXVLRQV,W LVWKHORQJWHUPJRDORIWKLVWKHUDSHXWLFDSSURDFKWRRIIHU
DFFHVVWRJURXSSV\FKRHGXFDWLRQWRDVPDQ\ELSRODUSDWLHQWVDVSRVVLEOH
5HIHUHQFHV
&RORP)HWDO$UDQGRPL]HGWULDORQWKHHI¿FDF\RIJURXSSV\FKRHG
XFDWLRQLQWKHSURSK\OD[LVRIUHFXUUHQFHVLQELSRODUSDWLHQWVZKRVHGLVHDVH
LVLQUHPLVVLRQ$UFK*HQ3V\FKLDWU\
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$IIHFWLYH7HPSHUDPHQWVLQWKH5HFXUUHQW8QLSRODUDQG
%LSRODU'HSUHVVLRQ'LVWLQFWLYH3URILOHVDQG,QWHU5HODWLRQ
ZLWK&OLQLFDO&KDUDFWHULVWLFV
/HLOD*DVVDE
5HVHDUFK8QLWLQ0HQWDO+HDOWK853V\FKLDWU\6HUY
LFH8QLYHUVLW\+RVSLWDORI0RQDVWLU7XQLVLD
$QZDU0HFKUL0LORXG%DFKD1DRXIHO*DGGRXU/RW¿*DKD
2EMHFWLYHV 7R FRPSDUH WKH DIIHFWLYH WHPSHUDPHQWV SUR¿OHV EHWZHHQ
SDWLHQWV ZLWK UHFXUUHQW XQLSRODU DQG ELSRODU GHSUHVVLRQ DQG WR H[DPLQH
WKH LQWHUUHODWLRQ EHWZHHQ DIIHFWLYH WHPSHUDPHQWV SUR¿OHV DQG FOLQLFDO
FKDUDFWHULVWLFV
0HWKRGV,WLVDFRPSDUDWLYHFURVVVHFWLRQDOVWXG\FRQFHUQLQJWKUHHJURXSV
*URXS,SDWLHQWVZLWKELSRODU,GLVRUGHUPHQDQGZRPHQPHDQ
DJH \HDUV*URXS,,SDWLHQWVZLWKELSRODU ,,GLVRUGHU 
PHQ DQG ZRPHQPHDQ DJH    \HDUV*URXS ,,,  SDWLHQWV
ZLWKUHFXUUHQWXQLSRODUGLVRUGHUPHQDQGZRPHQPHDQDJH 
\HDUV $OO SDWLHQWV ZHUH LQ UHPLVVLRQ GHSUHVVLYH HSLVRGH 7KH DIIHFWLYH
WHPSHUDPHQWV ZHUH DVVHVVHG E\ WKH$NLVNDO DQG0DOO\D  DIIHFWLYH
WHPSHUDPHQWVVHPLVWUXFWXUHGTXHVWLRQQDLUHVDIWHU WUDQVODWLRQDQGDGDSWD
WLRQLQGLDOHFWDO$UDELF
5HVXOWV+\SHUWK\PLF WHPSHUDPHQWVFRUHVZHUHKLJKHU LQELSRODU ,DQG,,
JURXSVZLWKUHVSHFWLYHO\DQGYVLQXQL
SRODUJURXSS&\FORWK\PLFWHPSHUDPHQWVFRUHVZHUHVLJQL¿FDQWO\
KLJKHU LQ ELSRODU ,, JURXS WKDQ XQLSRODU JURXS  YV 
S 'HSUHVVLYHWHPSHUDPHQWVFRUHVZHUHVLJQL¿FDQWO\KLJKHULQXQLSR
ODUGLVRUGHUYVLQELSRODU,JURXSDQGLQ
ELSRODU,,JURXSS1RGLIIHUHQFHZDVIRXQGEHWZHHQWKUHHJURXSV
FRQFHUQLQJLUULWDEOHWHPSHUDPHQW
+\SHUWK\PLF WHPSHUDPHQW VFRUH ZDV DVVRFLDWHG ZLWK SV\FKRWLF IHDWXUHV
LQELSRODU , S  DQG ,, JURXSV S $OVR LWZDV LQYHUVHO\ FRU
UHODWHGZLWKDQXPEHURIGHSUHVVLYHHSLVRGHVLQELSRODU,,JURXSU 
S &\FORWK\PLF WHPSHUDPHQW VFRUHZDVDVVRFLDWHGZLWK IDPLO\KLV
WRU\ RI ELSRODULW\ LQ ELSRODU , JURXS  DQG SV\FKRWLF S  DQG
VHDVRQDOIHDWXUHVS LQELSRODU,,JURXS,UULWDEOHWHPSHUDPHQWVFRUH
ZDVDVVRFLDWHGZLWKVXLFLGDOLGHDLQELSRODU,,JURXSS DQGSRVLWLYHO\
FRUUHODWHGZLWKDJHRI¿UVWHSLVRGHRQVHWLQELSRODU,U S DQG,,
JURXSU S 
&RQFOXVLRQV +\SHUWK\PLF DQG F\FORWK\PLF WHPSHUDPHQWV FKDUDFWHUL]HG
ELSRODU GLVRUGHUV DQG FRUUHODWHG ZLWK RWKHUPDUNHUV RI ELSRODULW\ IDPLO\
KLVWRU\ SV\FKRWLF DQG VHDVRQDO IHDWXUHV 7KXV WHPSHUDPHQW DVVHVVPHQW
PLJKWEHFRPHDXVHIXO WRRO WRSUHGLFWELSRODULW\ LQDVVRFLDWLRQZLWK WKHVH
PDUNHUV
5HIHUHQFHV
$NLVNDO+60DOO\D*&ULWHULDIRUWKHVRIWELSRODUVSHFWUXPWUHDW
PHQWLPSOLFDWLRQ3V\FKRSKDUPDFRORJ\EXOO
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6HOI(YDOXDWLRQRI5HDO/LIH)XQFWLRQLQJLQ%LSRODU3DWLHQWV
-HI+XOVHOPDQV
$=6WX\YHQEHUJ$QWZHUSHQ%HOJLXP
:LOOLDP3LWFKRW6DELQH:\FNDHUW'DPLDQ/HFRPSWH
6WHSKDQLH5HLWHU.DWULHQ'H%UX\FNHUH
2EMHFWLYHV7KHDLPRIWKLVVWXG\LVWRGHVFULEHWKHFOLQLFDOFKDUDFWHULVWLFV
SRVVLEOH SURJQRVWLF IDFWRUV DQG RXWFRPH RIPDQLF RU K\SRPDQLF SDWLHQWV
WUHDWHGZLWKRODQ]DSLQHLQDQDWXUDOLVWLFVHWWLQJDQGWRFRPSDUHWKHSK\VL
FLDQ¶VHYDOXDWLRQZLWKDSDWLHQW¶VVHOIHYDOXDWLRQ
0HWKRGV7KLVZDVDPXOWLFHQWHU%HOJLDQVWXG\XVLQJDQDQRQ\PRXVGDWD
FROOHFWLRQIRUPDQGSDWLHQWTXHVWLRQQDLUH$OOGHPRJUDSKLFDQGFOLQLFDOGDWD
ZHUH FROOHFWHG DW KRVSLWDO GLVFKDUJH LQ SDWLHQWVZKR UHFHLYHG D WUHDWPHQW
ZLWKRODQ]DSLQHIRUDWOHDVWZHHNVRULQDPEXODWRU\SDWLHQWVDIWHUZHHNV
RI WUHDWPHQWZLWK RODQ]DSLQH ,Q WKLV SXEOLFDWLRQZHZLOO SUHVHQW WKH GDWD
FRPSDULQJWKHSK\VLFLDQ¶VHYDOXDWLRQZLWKWKDWRIWKHSDWLHQWERWKXVLQJWKH
&OLQLFDO*OREDO,PSUHVVLRQ,PSURYHPHQW&*,,UDWLQJVFDOH
5HVXOWV 7KUHH KXQGUHG HLJKWHHQ SDWLHQWV  IHPDOH UHFHLYHG D WUHDW
PHQW ZLWK RODQ]DSLQH IRU DQ DFXWH PDQLF RU K\SRPDQLF HSLVRGH 0RVW
SDWLHQWVKDGDQDJHUDQJHGEHWZHHQDQG\HDUVDQGZHUH
¿UVW HSLVRGH SDWLHQWV'LDJQRVWLF VXEW\SHV IRUPDQLDZHUH GH¿QHG E\ WKH
!&&%#4)6%¬$)3/2$%23¬")0/,!2	¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
SK\VLFLDQK\SRPDQLDHXSKRULFPDQLDG\VSKRULFPDQLDDQG
PL[HGPDQLD$OPRVWRQHWKLUGRIWKHSDWLHQWVZHUHWUHDWHGZLWK
RODQ]DSLQHLQPRQRWKHUDS\PHDQGRVHPJGUHFHLYHGRODQ]DS
LQHLQFRPELQDWLRQWKHUDS\PHDQGRVHPJG7KHUHZDVQRGLIIHUHQFH
LQWKHXVHRIRODQ]DSLQHLQPRQRRUFRPELQDWLRQWKHUDS\IROORZLQJPDQLD
VXEW\SH0RVWSDWLHQWVUHFHLYHGVRPHNLQGRISV\FKRHGXFDWLRQ
3K\VLFLDQVUHSRUWHGWREHVDWLV¿HGZLWKWKHUHVXOWRIWKHWUHDWPHQWLQRI
WKHFDVHVZHUHSDUWO\VDWLV¿HG:KHQSDWLHQWVZHUHDVNHGLIWKHFXUUHQW
WUHDWPHQWIXO¿OOHGWKHLUH[SHFWDWLRQVDQVZHUHG\HVSDUWO\DQG
QR$FRUUHODWLRQZDVIRXQGEHWZHHQWKH&*,,VFRUHVFDOH WR YHU\
PXFKLPSURYHGRIWKHSK\VLFLDQDQGWKDWRIWKHSDWLHQWU S
PHDQVFRUHRI WKHSK\VLFLDQZDV6'DQGRI WKHSDWLHQW
6'PHDQGLIIHUHQFH&*,,SDWLHQWSK\VLFLDQ&,
7KHUHZDVDPDWFKEHWZHHQWKHSK\VLFLDQ¶VDQGSDWLHQW¶V&*,,VFRUH
RI WKH SDWLHQWV HYDOXDWHG WKHPVHOYHVZLWK RQO\  SRLQW GLIIHUHQFHRI
WKH HYDOXDWLRQ RI WKH SK\VLFLDQ 2QO\  RI WKH SDWLHQWV HYDOXDWHG WKHLU
LPSURYHPHQWZLWK !SRLQWVZRUVHWKDQWKHSK\VLFLDQ7KHH[WHQWWRZKLFK
WKH SDWLHQW HYDOXDWHG KLPVHOI GLIIHUHQWO\ IURP WKH SK\VLFLDQ PHDQ&*,,
SDWLHQW±SK\VLFLDQZDVQRWGLIIHUHQWIRU¿UVWRUPXOWLSOHHSLVRGHS 
EXWWKHUHZDVDWUHQGIROORZLQJWKHGLDJQRVLVS ZLWKDPRUHLPSRU
WDQWGLIIHUHQFHLQPHDQ&*,,LQHXSKRULFPDQLD&,DQG
WKHUHZDVDWUHQGIRUDPRUHSURQRXQFHGGLIIHUHQFHLQSDWLHQWVWUHDWHGZLWK
RODQ]DSLQHLQFRPELQDWLRQWKHUDS\&,S 
&RQFOXVLRQV7KLVVWXG\VXJJHVWVWKDWRXWRIPDQLFSDWLHQWVUDWHGKLP
KHUVHOIVLPLODUO\ WRKLVKHUSK\VLFLDQ6HOIDVVHVVPHQWFDQEHFRPSOHPHQ
WDU\LQKHOSLQJXQGHUVWDQGLQJWKHQHHGVDQGH[SHFWDWLRQVRIELSRODUSDWLHQWV
DQG FRQVHTXHQWO\ LQ D EHWWHU SDWLHQWSK\VLFLDQ UHODWLRQVKLS DQG ORQJWHUP
WUHDWPHQWDGKHUHQFH
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$Q,QYHVWLJDWLRQLQWR,PPXQRORJLFDO0DUNHUVDQG*HQH
([SUHVVLRQLQ%LSRODU0RRG'LVRUGHU7\SH
/DQD.LUNE\
6RXWK$IULFD
%LSRODUPRRGGLVRUGHULVDSV\FKLDWULFGLVRUGHUZKLFKDIIHFWVRIWKH
SRSXODWLRQDQGIRUZKLFKXSWRGDWHWKHDHWLRORJ\LVXQNQRZQ7KHUHLVHYL
GHQFHWKDWJHQHWLFELRFKHPLFDODQGLPPXQRORJLFDOIDFWRUVSOD\DUROHLQWKH
DHWLRORJ\RIWKHGLVHDVH7KHJHQHWLFHYLGHQFHKDVFRPHIURPOLQNDJHVWXGLHV
ZLWKVHYHUDOORFLZLWKJHQHVRQFKURPRVRPHDQG,PPXQRORJLFDO
HYLGHQFHFRPHV IURP WKHZRUNZLWKDFWLYDWLRQRI7FHOOVDQGDFXWHSKDVH
UHVSRQVHLQWKHLQWHUOHXNLQV
3KDVH,PPXQRORJ\)ORZF\WRPHWU\
(YLGHQFH IRU LPPXQH G\VIXQFWLRQ LQFOXGH FKDQJHV LQ WKH OHYHOV RI ,QWHU
OHXNLQVDSRDQG71)DOSKD0DHVHWDO7KHUHOHYDQFHRI WKHVH
PDUNHUV LQ %LSRODU LV XQFOHDU DQG WKXV ZH VWXGLHG WKHP 7ZHQW\ PDQLF
SDWLHQWVZHUHFRPSDUHGWRQRUPDOFRQWUROVRQPHDVXUHVRI,QWHUOHXNLQ
71)DOSKDDQGDSRXVLQJÀRZF\WRPHWU\,QWHUOHXNLQDQG±UHFHS
WRUOHYHOVGHFUHDVHGLQWKHPDQLFSKDVHRIWKHLOOQHVVDQGWKHQVXEVHTXHQWO\
UHWXUQHGWRQRUPDOLQWKHHXWK\PLFSKDVHDIWHU/LWKLXPWUHDWPHQW
3KDVH*HQHH[SUHVVLRQ
(YLGHQFH IRU JHQHWLF FKDQJHV LQFOXGH D VLJQDO WUDQVGXFWLRQ SDWKZD\ ¿UVW
FLWHG E\ /DFKPDQ /DFKPDQ 7KH JHQHV LQYROYHG LQ WKLV SDWKZD\
ZHUHXQNQRZQDQGWKXVZHXVHGPLFURDUUD\VWRVWXG\WKHJHQHH[SUHVVLRQ
SUHDQGSRVW/LWKLXPWUHDWPHQW%ORRGVZHUHGUDZQRQHDFKSDWLHQWDWWKH
WLPHRISV\FKRVLVDQGWKHQDZHHNODWHURQFHWKH\KDGVWDELOLVHGRQ/LWKLXP
WUHDWPHQW51$ZDVH[WUDFWHGIURPWKHO\PSKRF\WHVDQGUHYHUVHWUDQVFULEHG
ZLWK',* WR F'1$7KH SUREHZDV K\EULGLVHG RQWRPLFURDUUD\V7KH UH
VXOWDQW JUHDWHVW VLJQL¿FDQW GLIIHUHQFH LQ JHQHV H[SUHVVHGZHUH *73*'3
ELQGLQJSURWHLQ,QWHJULQOLQNHGNLQDVHVSOLFLQJIDFWRUDDQG07)
PHWDO UHJXODWRU\ IDFWRU WKDW ZHUH XSUHJXODWHG LQ WKH HXWK\PLF YHUVXV WKH
PDQLFSKDVH
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2)&9HUVXV/DPRWULJLQHIRU%LSRODU,'HSUHVVLRQ
'DQLHO<HQ/LQ
(OL/LOO\DQG&RPSDQ\86$
(LOHHQ%URZQ$KPHG'HOGDU3DXO(.HFN-U'DYLG+$GDPV
2EMHFWLYHV7RGHWHUPLQHWKHHI¿FDF\RIRODQ]DSLQHÀXR[HWLQHFRPELQDWLRQ
2)&FRPSDUHGZLWKODPRWULJLQHIRUWUHDWPHQWRIELSRODU,GHSUHVVLRQ
0HWKRGV7KHDFXWHSKDVHRIDUDQGRPL]HGGRXEOHEOLQGVWXG\FRPSDUHG
2)& RODQ]DSLQHÀXR[HWLQH    RU  PJGD\ Q 
ZLWKODPRWULJLQHPJGD\Q LQELSRODU,GHSUHVVLRQRYHUZHHNV
(I¿FDF\PHDVXUHVLQFOXGHG&OLQLFDO*OREDO,PSUHVVLRQV6HYHULW\RI,OOQHVV
VFDOH&*,6SULPDU\RXWFRPHPHDVXUH0RQWJRPHU\$VEHUJ'HSUHVVLRQ
5DWLQJ6FDOH0$'56DQG<RXQJ0DQLD5DWLQJ6FDOH<056$QDO\WL
FDOWHFKQLTXHVLQFOXGHGPL[HGPRGHOVUHSHDWHGPHDVXUHVDQDO\VLVRQFKDQJH
IURPEDVHOLQHDQG)LVKHU¶VH[DFWWHVWIRUFDWHJRULFDOFRPSDULVRQV
5HVXOWV3DWLHQWVWUHDWHGZLWK2)&KDGJUHDWHULPSURYHPHQWWKDQODPRWULJ
LQHWUHDWHGSDWLHQWVDFURVVWKHZHHNWUHDWPHQWSHULRGRQ&*,6S 
0$'56WRWDOVFRUHS DQG<056S 7LPHWRUHVSRQVH
GHFUHDVH LQ0$'56 ZDV VLJQL¿FDQWO\ S  VKRUWHU IRU 2)&WUHDWHG
SDWLHQWV 6HULRXV DGYHUVH HYHQWV RFFXUUHGPRUH IUHTXHQWO\ LQ ODPRWULJLQH
WUHDWHG SDWLHQWV ODPRWULJLQH 2)&  S $GYHUVH HYHQWV
RFFXUULQJLQSDWLHQWVDQGPRUHIUHTXHQWO\SZLWK2)&WUHDWPHQW
ZHUHVRPQROHQFHLQFUHDVHGDSSHWLWHGU\PRXWKVHGDWLRQZHLJKWJDLQDQG
WUHPRU:HLJKW S FKROHVWHURO S DQG WULJO\FHULGHV S 
ZHUHVLJQL¿FDQWO\HOHYDWHGZLWK2)&WUHDWPHQWFRPSDUHGZLWKODPRWULJLQH
&RQFOXVLRQV3DWLHQWVZLWKELSRODUGHSUHVVLRQWUHDWHGZLWK2)&KDGJUHDWHU
LPSURYHPHQWLQERWKGHSUHVVLYHDQGPDQLFV\PSWRPVFRPSDUHGZLWKODPR
WULJLQHWUHDWHGSDWLHQWV
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7RKHQ09LHWD(&DODEUHVH -.HWWHU7$6DFKV*%RZGHQ&0LWFKHOO
3%&HQWRUULQR)5LVVHU5%DNHU5(YDQV$%H\PHU.'XEH67ROOHIVRQ
*'%ULHU$(I¿FDF\RIRODQ]DSLQHDQGRODQ]DSLQHÀXR[HWLQHFRP
ELQDWLRQLQWKHWUHDWPHQWRIELSRODU,GHSUHVVLRQ$UFK*HQ3V\FKLDWU\
(UUDWXPLQ$UFK*HQ3V\FKLDWU\)HE&DODEUHVH
-5 %RZGHQ &/ 6DFKV *6$VFKHU -$ 0RQDJKDQ ( 5XGG *' 
$ GRXEOHEOLQG SODFHERFRQWUROOHG VWXG\ RI ODPRWULJLQH PRQRWKHUDS\ LQ
RXWSDWLHQWV ZLWK ELSRODU , GHSUHVVLRQ /DPLFWDO  6WXG\ *URXS - &OLQ
3V\FKLDWU\
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2SHQ/DEHO7UHDWPHQWZLWK2)&DQG2ODQ]DSLQHLQ%LSRODU,
'HSUHVVLRQ
'DQLHO<HQ/LQ
/LOO\5HVHDUFK/DERUDWRULHV86$
6DUD&RU\D'RXJ:LOOLDPVRQ0LFKDHO&DVH0DXULFLR7RKHQ
2EMHFWLYHV2ODQ]DSLQHÀXR[HWLQHFRPELQDWLRQ 2)&KDVEHHQVKRZQ WR
EHHIIHFWLYH LQ WKHDFXWH WUHDWPHQWRIGHSUHVVLYHHSLVRGHV LQSDWLHQWVZLWK
ELSRODU,GLVRUGHU7KHSUHVHQWDQDO\VHVH[DPLQHGWKHHI¿FDF\DQGVDIHW\RI
ORQJHUWHUPWUHDWPHQWZLWK2)&RURODQ]DSLQHPRQRWKHUDS\ LQDPRQWK
RSHQODEHOH[WHQVLRQVWXG\
0HWKRGV  SDWLHQWV ZLWK ELSRODU GHSUHVVLRQ ZKR FRPSOHWHG DQ DFXWH
WULDOHQWHUHGWKHRSHQODEHOVWXG\DQGUHFHLYHGZHHNRIRODQ]DSLQHPRQR
WKHUDS\PJGD\$WDOOVXEVHTXHQWYLVLWVSDWLHQWVZHUHJLYHQWKHRS
WLRQWRVWD\ZLWKRODQ]DSLQHPRQRWKHUDS\2/=RUWRFKDQJHWR2)&
 RU PJGD\7KUHH WUHDWPHQW JURXSVZHUH GH¿QHG UHWURVSHF
WLYHO\DFFRUGLQJWRWKHPHGLFDWLRQFRXUVHWDNHQIURPZHHN2/=2)&RU
6ZLWFKHG7KHHI¿FDF\PHDVXUHVZHUHWKH0$'56&*,DQG<056
5HVXOWV0HDQ0$'56VFRUHVUHPDLQHGVWDEOHIRUSDWLHQWVZKRHQWHUHGWKH
VWXG\LQUHPLVVLRQPHDQEDVHOLQHWRHQGSRLQWFKDQJH2)&2/=
6ZLWFKHGEXWGHFUHDVHGVLJQL¿FDQWO\IRUWKRVHZKRHQWHUHGLQQRQUH
PLVVLRQ2)&S2/=±S 6ZLWFKHG±S 7KH
PDMRULW\RISDWLHQWVZKRHQWHUHGWKHVWXG\LQQRQUHPLVVLRQDFKLHYHGUHPLV
VLRQ0$'56GXULQJWKHWULDO2)&2/=6ZLWFKHG
7KHRYHUDOO UDWHRIGHSUHVVLYH UHODSVHZDVDQG WKHRYHUDOO
LQFLGHQFHRIPDQLDHPHUJHQFHZDV
&RQFOXVLRQV 7KH SUHVHQW ¿QGLQJV VXJJHVW WKDW ORQJWHUP WUHDWPHQW ZLWK
RODQ]DSLQHÀXR[HWLQH FRPELQDWLRQ LV HI¿FDFLRXV LQ WKH PDQDJHPHQW RI
GHSUHVVLYHV\PSWRPVDQGFDUULHVDORZULVNRIPDQLDHPHUJHQFH
!&&%#4)6%¬$)3/2$%23¬")0/,!2	¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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$GGLWLRQDO6XSSRUWIRU/LQNDJHRI%LSRODU'LVRUGHUWR
&KURPRVRPHT
$OH[DQGUD6FKRVVHU
'HSDUWPHQWRI*HQHUDO3V\FKLDWU\8QLY+RVSLWDOIRU3V\FKLDWU\
0HGLFDO8QLYHUVLW\9LHQQD$XVWULD
.)XFKV)/HLVFK8%DLOHU6.DVSHU:6LHJKDUW.+RUQLN
+1$VFKDXHU
2EMHFWLYHV:HUHFHQWO\SXEOLVKHGDIROORZXSOLQNDJHDQDO\VLV6FKRVVHU
HW DO  ZLWKLQ WKH FKURPRVRPH T UHJLRQ LQ ERWK VFKL]RSKUHQLD
DQGELSRODU DIIHFWLYHGLVRUGHU IDPLOLHV KLJKHVW13/ >QRQSDUDPHWULF ORG@
VFRUH =DOO  FRUUHVSRQGLQJ WR D SYDOXH  DIWHU FRQGXFW
LQJDJHQRPHVFDQ%DLOHUHWDOUHVXOWLQJLQHYLGHQFHIRUOLQNDJHRI
ERWKGLVRUGHUV WR WKLV UHJLRQ KLJKHVW13/VFRUH=DOO  FRUUHVSRQGLQJ
WRDSYDOXH DVZHOODVHYLGHQFHIRUTOLQNDJHRIWKHVXEVHWRI
ELSRODUGLVRUGHUIDPLOLHVKLJKHVW13/VFRUH=DOO FRUUHVSRQGLQJWRD
SYDOXH 
:LWKLQWKHIROORZXSOLQNDJHDQDO\VLVZHDOVRFRQGXFWHGVXEVHWDQDO\VHVRI
ELSRODUDIIHFWLYHGLVRUGHUIDPLOLHVVHSDUDWHO\LQFOXGLQJWKHPDUNHURIKLJK
HVWOLQNDJHRIRXUSULRUJHQRPHVFDQDQGUHSOLFDWHGVXJJHVWLYHHYLGHQFHIRU
OLQNDJHRIELSRODUGLVRUGHUWRFKURPRVRPHTSYDOXH
0HWKRGV8VLQJ WKH VDPH IDPLO\ VDPSOHRIELSRODUDIIHFWLYHGLVRUGHUSD
WLHQWVQ ZHQRZJHQRW\SHGDGGLWLRQDOHYHQO\VSDFHG613PDUNHUV
VSDQQLQJF0FHQWL0RUJDQZLWKLQWKHUHJLRQRIKLJKHVWOLQNDJHVFRUHV
RIRXUUHFHQWO\SXEOLVKHGIROORZXSOLQNDJHDQDO\VLVWKXVQDUURZLQJGRZQ
RXUQHZO\LGHQWL¿HGFDQGLGDWHUHJLRQ
/LQNDJHDQDO\VLVZDVSHUIRUPHGXVLQJWKH*(1(+817(5SURJUDPYHUVLRQ
BUEHWD
5HVXOWV:H REWDLQHG D S YDOXH RI  ZLWK ERWK 613V UV DQG
UV 3YDOXHV    ZHUH REWDLQHG ZLWK 613V UV
DGMRLQLQJ FHQWURPHULF DQG WKH WHORPHULF DGMRLQLQJ 613V UV
UVUVDQGUV
7KHVH SRVLWLYH OLQNDJH ¿QGLQJV VSDQQHG D UHJLRQ RI  F0 ZLWKLQ WKH
FKURPRVRPHTWHORPHUHUHJLRQ
&RQFOXVLRQV7KHUHVXOWVRIWKHFXUUHQWVWXG\DUHLQDFFRUGDQFHDQGVWURQJO\
VXSSRUWRXUSUHYLRXVOLQNDJH¿QGLQJVRIELSRODUDIIHFWLYHGLVRUGHUWRFKUR
PRVRPHT
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&OLQLFDODQG7UHDWPHQW&KDUDFWHULVWLFVLQ7DLZDQHVH)LUVW
(SLVRGH0DQLD
,6KLQ6KLDK
'HSDUWPHQWRI3V\FKLDWU\7UL6HUYLFH*HQHUDO+RVSLWDO7DLSHL
7DLZDQ
&KLK.DQJ&KHQ+VLQJ.DQJ&KHQ&KLK/XQ&KHQ+XL-X<DQJ
2EMHFWLYHV:HFRQGXFWDUHWURVSHFWLYHFKDUWUHYLHZVWXG\WRGHVFULEHWKH
FOLQLFDO FKDUDFWHULVWLFV DQG WKH SDWWHUQV RI PHGLFDWLRQ XVH LQ 7DLZDQHVH
LQSDWLHQWVZLWK¿UVWHSLVRGHRIPDQLD
0HWKRGV:HUHYLHZHGFKDUWVRI7DLZDQHVHLQSDWLHQWVZKRZHUHKRVSL
WDOL]HGLQRXUDFXWHZDUGEHFDXVHRIWKHLU¿UVWHSLVRGHRIPDQLDLQWKHSDVW
WZR\HDUV$OORIWKHPPHWWKH'LDJQRVWLFDQG6WDWLVWLFDO0DQXDORI0HQWDO
'LVRUGHUV)RXUWK(GLWLRQ'60,9FULWHULDIRUELSRODU,GLVRUGHUVLQJOH
PDQLFHSLVRGH:HUHFRUGHGWKHLUFOLQLFDOFKDUDFWHULVWLFVLQFOXGLQJJHQGHU
DJHPDULWDOVWDWXV&*,6VFRUHVRQDGPLVVLRQDQGDWGLVFKDUJHGXUDWLRQRI
KRVSLWDOL]DWLRQDQGIDPLO\KLVWRU\RISV\FKLDWULFLOOQHVVSUHYLRXVKLVWRULHV
RIDOFRKRODQGGUXJDEXVHFULPLQDOUHFRUGDVZHOODVVXLFLGDODWWHPSW7KHLU
SDWWHUQVRIPHGLFDWLRQXVHZHUHDOVRUHYLHZHG
5HVXOWV7KHUHZHUHPDOHVDQGIHPDOHSDWLHQWVZLWK
¿UVWHSLVRGHRIPDQLD7KHLUPHDQDJHZDV6'\HDUV
RI WKHPZHUHVLQJOH PDUULHG GLYRUFHGDQG 
VHSDUDWHG7KHLUPHDQ&*,6VFRUHVRQDGPLVVLRQZHUH6'DQG
DWGLVFKDUJH6'UHVSHFWLYHO\7KHLUPHDQGXUDWLRQRIKRVSLWDOL]D
WLRQZDV  6'  GD\V   RI WKHP KDG IDPLO\ KLVWRU\ RI
SV\FKLDWULFLOOQHVVSDWLHQWVKDGKLVWRU\RIDOFRKRODEXVHSDWLHQWV
KDGKLVWRU\RIGUXJDEXVHSDWLHQWVKDGFULPLQDOUHFRUG
DQG  SDWLHQWV  KDG KLVWRU\ RI VXLFLGDO DWWHPSWV 5HJDUGLQJ WKH
PRRGVWDELOL]HUVIRUWKHVHSDWLHQWVUHFHLYHGYDOSURDWH
OLWKLXPWRSLUDPDWHFRPELQHGOLWKLXPDQGYDOSURDWHDQG
FRPELQHGYDOSURDWHDQGWRSLUDPDWH$WRWDORISDWLHQWV
UHFHLYHGFRQYHQWLRQDODQWLSV\FKRWLFVRIWKHPUHFHLYHGVXOSULGH
DQGFORWLDSLQH,QFRQWUDVWDWRWDORISDWLHQWVUHFHLYHG
DW\SLFDODQWLSV\FKRWLFVKDGULVSHULGRQH]RWHSLQH
TXHWLDSLQHRODQ]DSLQHDQGFOR]DSLQH
&RQFOXVLRQV7KH¿QGLQJVRIWKLVVWXG\VXJJHVWWKDWPRVW7DLZDQHVHSDWLHQWV
ZLWK¿UVWHSLVRGHRIPDQLDZHUHKRVSLWDOL]HGIRUDPHDQRIWKUHHZHHNVDQG
WKDWPRVWRIWKHVHSDWLHQWVUHFHLYHGYDOSURDWHDQGDW\SLFDODQWLSV\FKRWLFVIRU
WUHDWLQJWKHLUPDQLFV\PSWRPV
5HIHUHQFHV
7RKHQ0 =DUDWH &$ -U +HQQHQ - .KDOVD +0 6WUDNRZVNL 60 *HEUH
0HGKLQ36DOYDWRUH3%DOGHVVDULQL5-7KH0F/HDQ+DUYDUG)LUVW
(SLVRGH0DQLD 6WXG\ SUHGLFWLRQ RI UHFRYHU\ DQG ¿UVW UHFXUUHQFH$P -
3V\FKLDWU\
=DUDWH &$ 7RKHQ0 )OHWFKHU .  &\FOLQJ LQWR GHSUHVVLRQ IURP D
¿UVW HSLVRGH RI PDQLD D FDVHFRPSDULVRQ VWXG\ $P - 3V\FKLDWU\ 

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$VVRFLDWLRQ$QDO\VLVRIWKH'RSDPLQH7UDQVSRUWHU'$7
$73RO\PRUSKLVPZLWK%LSRODU'LVRUGHU
0RKDPPDG5H]D.HLNKDHH
*HQHWLFV5HVHDUFK&HQWHU8QLYHUVLW\RI6RFLDO:HOIDUHDQG
5HKDELOLWDWLRQ6FLHQFHV(YLQ7HKUDQ,UDQ
6DUJRO]DHH05-DYDQEDNKW$1DMPDEDGL+2KDGL0
2EMHFWLYHV$QLPEDODQFHLQWKHGRSDPLQHUJLFV\VWHPLQKXPDQVKDVEHHQ
K\SRWKHVL]HG WRFRQWULEXWH WR WKHSDWKRJHQHVLVRIDQXPEHURISV\FKLDWULF
LOOQHVVHV LQFOXGLQJ ELSRODU GLVRUGHU VFKL]RSKUHQLD DQG DWWHQWLRQ GH¿FLW
K\SHUDFWLYLW\GLVRUGHU
0HWKRGV:H SHUIRUPHG D FDVHFRQWURO VWXG\ RQ WKH '$7 +8*2 DS
SURYHG V\PERO 6/$ JHQH FRUH SURPRWHU SRO\PRUSKLVP $7 WR
DQDO\]HWKHSRVVLEOHDVVRFLDWLRQRIHLWKHUDOOHOHRIWKLVSRO\PRUSKLVPZLWK
ELSRODUGLVRUGHU7KHDOOHOHDQGJHQRW\SHIUHTXHQFLHVRIWKHSRO\PRUSKLVP
ZHUHVWXGLHGLQSDWLHQWVDQGFRQWUROVZKLFKZHUHPDWFKHGRQWKH
EDVLVRIVH[DJHDQGHWKQLFLW\
5HVXOWV7KHJHQRW\SH IUHTXHQFLHV LQ WKHSDWLHQWVJURXSZHUH DV IROORZV
$$$777YVWKHJHQRW\SHIUHTXHQFLHVLQWKHFRQWURO
JURXS$$$777>Ȥ GI 25 &,
S@
&RQFOXVLRQV7KH7YDULDQWRIWKH$7SRO\PRUSKLVPUHYHDOHGDa
IROGH[FHVVLQWKHSDWLHQWVJURXSFRPSDULQJZLWKWKHFRQWUROVS)RU
WKH¿UVWWLPHWKHVH¿QGLQJVSURYLGHWHQWDWLYHHYLGHQFHIRUWKHFRQWULEXWLRQ
RIWKH'$7JHQHFRUHSURPRWHUSRO\PRUSKLVPWRWKHHWLRSDWKRSK\VLRORJ\
RIELSRODUGLVRUGHUDW OHDVW LQ WKH,UDQLDQSRSXODWLRQWKDWZHKDYHVWXGLHG
5HSOLFDWLRQ VWXGLHV RI LQGHSHQGHQW VDPSOHV DQG IDPLO\EDVHG DVVRFLDWLRQ
VWXGLHVDUHQHFHVVDU\WRIXUWKHUHYDOXDWHWKHVLJQL¿FDQFHRIRXU¿QGLQJV
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(YLGHQFHIRU7KHRU\RI0LQG'HILFLWVLQ(XWK\PLF3DWLHQWV
ZLWK%LSRODU'LVRUGHU
(PUH%RUD
(JH8QLYHUVLW\0HGLFDO6FKRRO7XUNH\
6LPDYL9DKLS$OL6DIIHW*RQXO)L]XQ$NGHQL]0XJH$ONDQ
2EMHFWLYHV ,W KDV EHHQ VXJJHVWHG WKDW 7R0 7KHRU\ RI 0LQG GH¿FLWV
DUH SURPLQHQW HYHQ LQ QRQV\PSWRPDWLF VFKL]RSKUHQLD SDWLHQWV DQG VRPH
UHVHDUFKHUV IRXQG VLPLODU LPSDLUPHQWV LQ WKHLU ¿UVW GHJUHH UHODWLYHV 7KH
SUHVHQWVWXG\DLPVWRLQYHVWLJDWHWKHVXEWOH7R0GH¿FLWVLQHXWK\PLFSDWLHQWV
ZLWKELSRODUGLVRUGHU$QRWKHUJRDORIWKHFXUUHQWVWXG\LVWRLQYHVWLJDWHWKH
LPSDFWRIQRQ7R0FRJQLWLYHGH¿FLWVRQ7R0DELOLWLHV
0HWKRGV )RUWK\WKUHH HXWK\PLF SDWLHQWV ZLWK ELSRODU GLVRUGHU DQG 
KHDOWK\ FRQWURO VXEMHFWVZHUH LQYROYHG LQ WKLV VWXG\7KHRU\RIPLQGZDV
DVVHVVHGE\WKH(\HVWHVWDQGWKH+LQWLQJWDVN%RWKJURXSVZHUHDOVRHYDOX
DWHG ZLWK D FRPSKUHQVLYH QHXURSV\FKRORJLFDO EDWWHU\ LQFOXGLQJ WDVNV IRU
EDVLFHPRWLRQDQGIDFHUHFRJQLWLRQ
5HVXOWV7KHSDWLHQWJURXSZDVLPSDLUHGRQERWKRIWKH7R0WDVNVDOWKRXJK
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
WKHUHZHUHQRVLJQL¿FDQWGLIIHUHQFHVEHWZHHQWKHJURXSVRQEDVLFHPRWLRQ
DQGIDFHUHFRJQLWLRQWDVN7KHSDWLHQWJURXSZDVDOVRVKRZHGLPSDLUPHQWLQ
PDQ\FRJQLWLYHWDVNVLQFOXGLQJWDVNVUHODWHGWRVXVWDLQHGDWWHQWLRQ5HJUHV
VLRQDQDO\VHV UHYHDOHG WKDWH[HFXWLYHG\VIXQFWLRQEDVLFHPRWLRQDQGIDFH
UHFRJQLWLRQPD\EHDSUHGLFWRUIRUWKHORZSHUIRUPDQFHRQWKH(\HVWHVWDQG
:LVFRQVLQ FDUW VRUWLQJ WHVW :&67SHUVHYHUDWLRQ VFRUHPD\EHSUHGLFWRU
IRUWKH+LQWLQJWDVN
&RQFOXVLRQV(YHQHXWK\PLFSDWLHQWVZLWKELSRODUGLVRUGHUPD\EHLPSDLUHG
LQDGYDQFHG7R0WDVNV([HFXWLYHG\VIXQFWLRQDQGVRPHRWKHUFRJQLWLYHV
GH¿FLWVVXFKDVEDVLFHPRWLRQUHFRJQLWLRQPD\EHDWOHDVWSDUWO\UHVSRQVLEOH
IRUWKLVUHVXOW
5HIHUHQFHV
4XUDLVKL6)UDQJRX61HXURSV\FKRORJ\RIELSRODUGLVRUGHUDUHYLHZ-
$IIHFW'LVRUGHU
3LQNKDP$(3HQQ'/3HUNLQV'2/LHEHUPDQ- ,PSOLFDWLRQV IRU WKH
QHXUDOEDVLVRIVRFLDOFRJQLWLRQIRU WKHVWXG\RIVFKL]RSKUHQLD$P-3V\
FKLDWU\
.HUU1'XQEDU5,%HQWDOO537KHRU\RIPLQGGH¿FLWVLQELSRODUDIIHF
WLYHGLVRUGHU-$IIHFW'LVRUG
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3RVWHU6HVVLRQ1R
32
'HSUHVVLRQDQG6OHHS'LVWXUEDQFH7KH(IIHFWRI(VFLWDORSUDP
7LQH$JJHUKROP% NGDO
+/XQGEHFN$6&RSHQKDJHQ'HQPDUN
0DOFROP/DGHU(OLQ+HOGER5HLQHV+HQQLQJ)ULLV$QGHUVHQ
2EMHFWLYHV 0RUH WKDQ  RI SDWLHQWV LQ SULPDU\ FDUH FRPSODLQLQJ RI
VOHHSGLVWXUEDQFHVDUHVXIIHULQJIURPGHSUHVVLRQ,Q WKHSUHVHQWSDSHU WKH
HIIHFWRIWUHDWPHQWZLWKHVFLWDORSUDPWKHPRVWVHOHFWLYHVHURWRQLQUHXSWDNH
LQKLELWRURQVOHHSGLVWXUEDQFHZDVDQDO\VHGLQSDWLHQWVZLWKPDMRUGHSUHV
VLYHGLVRUGHU
0HWKRGV7KHUHVXOWVIURPWKUHHZHHNUDQGRPLVHGGRXEOHEOLQGSODFH
ERFRQWUROOHGVWXGLHVLQPDMRUGHSUHVVLYHGLVRUGHULQZKLFKFLWDORSUDPZDV
WKHDFWLYHUHIHUHQFHZHUHSRROHGDQGWKH0RQWJRPHU\cVEHUJ'HSUHVVLRQ
5DWLQJ6FDOH0$'56LWHPUHGXFHGVOHHSVFRUHVZHUHDQDO\VHG
5HVXOWV7KHUHZDVDVLJQL¿FDQWLPSURYHPHQWIRUHVFLWDORSUDPWUHDWHGSD
WLHQWVQ LQWKH0$'56LWHPVFRUHVDW:HHNVDQGYHUVXVSODFHER
Q SDQGDW:HHNVDQGQ SYHUVXVFLWDORSUDP
(VFLWDORSUDPWUHDWHGSDWLHQWVQ ZLWKPRUHVHYHUHVOHHSGLVWXUEDQFHV
0$'56LWHPVFRUHVKRZHGVWDWLVWLFDOO\VLJQL¿FDQWLPSURYHPHQWRI
0$'56LWHPDW:HHNVDQGFRPSDUHGZLWKSDWLHQWV WUHDWHGZLWK
SODFHERQ SRUFLWDORSUDPQ S7KHVHSDWLHQWVDOVR
VKRZHG VLJQL¿FDQW DQG FOLQLFDOO\ UHOHYDQW LPSURYHPHQW LQ0$'56 WRWDO
VFRUHVDIWHUHVFLWDORSUDPWUHDWPHQWYHUVXVFLWDORSUDPDW:HHNVDQG
REVHUYHGFDVHVDQGHQGSRLQWDQGVWDWLVWLFDOVLJQL¿FDQFHLQIDYRXU
RIHVFLWDORSUDPYHUVXVSODFHERWUHDWPHQWZDVIRXQGDWDOOYLVLWVLQFOXGLQJ
HQGSRLQW
&RQFOXVLRQV(VFLWDORSUDPVKRZVDVLJQL¿FDQWEHQH¿FLDOHIIHFWLQUHGXFLQJ
VOHHSGLVWXUEDQFHLQSDWLHQWVVXIIHULQJIURPPDMRUGHSUHVVLYHGLVRUGHU
32
'LVFRQWLQXDWLRQ6\PSWRPVLQ$IIHFWLYH'LVRUGHUV
'DYLG%DOGZLQ
&OLQLFDO1HXURVFLHQFHV'LYLVLRQ6FKRRORI0HGLFLQH8QLYHUVLW\
RI6RXWKDPSWRQ8.
6WXDUW$0RQWJRPHU\5LFR1LO0DOFROP/DGHU
2EMHFWLYHV6WRSSLQJGUXJWUHDWPHQWRIGHSUHVVLRQDQGDQ[LHW\PD\EHDV
VRFLDWHGZLWKGLVFRQWLQXDWLRQV\PSWRPV7KLVSRVWHUDGGUHVVHVWKHTXHVWLRQ
ZKHWKHU DQWLGHSUHVVDQWV GLIIHU ZLWK UHVSHFW WR GLVFRQWLQXDWLRQ V\PSWRPV
LI WKHVH V\PSWRPV YDU\ EHWZHHQ GHSUHVVLRQ DQG DQ[LHW\ GLVRUGHUV DQG
ZKHWKHUWKHOHQJWKRIWUHDWPHQWDIIHFWVV\PSWRPV
0HWKRGV'DWDFDPHIURPWZRFRPSDUDWLYHVWXGLHVRIHVFLWDORSUDPLQPD
MRUGHSUHVVLYHGLVRUGHU0''RQHYHUVXVYHQODID[LQH;5DQGRQHYHUVXV
SDUR[HWLQH WZR VWXGLHV RI HVFLWDORSUDP LQ ORQJWHUP WUHDWPHQW RI VRFLDO
DQ[LHW\GLVRUGHURQHRIZKLFKXVHGSDUR[HWLQHDVWKHDFWLYHUHIHUHQFHDQG
RQHVWXG\RIHVFLWDORSUDPLQJHQHUDOLVHGDQ[LHW\GLVRUGHUXVLQJSDUR[HWLQH
DVDQDFWLYHUHIHUHQFH$OOVWXGLHVLQFOXGHGDGH¿QHGGLVFRQWLQXDWLRQSHULRG
RIZHHNVDQGXVHGWKH'LVFRQWLQXDWLRQ(PHUJHQW6LJQVDQG6\PSWRPV
FKHFNOLVW WRUHFRUG WKHQXPEHURIGLVFRQWLQXDWLRQV\PSWRPV7KHDQDO\VLV
LQFOXGHGPDOHDQGIHPDOHSDWLHQWVZLWKDQDIIHFWLYHGLVRUGHU WUHDWHG
ZLWKHVFLWDORSUDPQ SDUR[HWLQH Q YHQODID[LQH;5Q 
RUSODFHERQ 
5HVXOWV 'LVFRQWLQXDWLRQ V\PSWRPV ZHUH WUDQVLHQW ,Q 0'' SDUR[HWLQH
DQGYHQODID[LQH;5VKRZHG VLJQL¿FDQWO\PRUHGLVFRQWLQXDWLRQ V\PSWRPV
WKDQ HVFLWDORSUDP D VLJQL¿FDQWO\ ORZHU QXPEHU RI GLVFRQWLQXDWLRQHPHU
JHQWV\PSWRPVIRUHVFLWDORSUDPWKDQIRUSDUR[HWLQHZDVDOVRVHHQLQVRFLDO
DQ[LHW\ GLVRUGHU DQG JHQHUDOLVHG DQ[LHW\ GLVRUGHU 1R GLIIHUHQFHV LQ GLV
FRQWLQXDWLRQV\PSWRPVZHUHREVHUYHGEHWZHHQWKHWKUHHFRQGLWLRQV7KHUH
ZDVQRHYLGHQFHIRULQFUHDVHGV\PSWRPLQFLGHQFHZLWKLQFUHDVHGOHQJWKRI
WUHDWPHQW
&RQFOXVLRQV7KHVHFRPSDUDWLYHGDWDVKRZWKDWGLVFRQWLQXDWLRQSUR¿OHVGLI
IHUEHWZHHQDQWLGHSUHVVDQWVRIWKHVDPHFODVV665,VDQGWKDWWKHVHSUR¿OHV
DUHEURDGO\VLPLODULQGLIIHUHQWGLDJQRVHV1RHYLGHQFHZDVVHHQIRUDKLJKHU
GLVFRQWLQXDWLRQEXUGHQZLWKORQJHUWUHDWPHQW
32
7KH,PSRUWDQFHRI'\VWK\PLDIRUWKH5HODWLRQVKLSEHWZHHQ
'HSUHVVLRQDQG&DUGLRYDVFXODU'LVHDVHV
%HUQKDUG7%DXQH
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\RI0XHQVWHU*HUPDQ\
9RONHU$UROW.ODXV%HUJHU
2EMHFWLYHV&DUGLRYDVFXODUGLVHDVHVDQGDIIHFWLYHGLVRUGHUVDUHERWKYHU\
SUHYDOHQWLQWKHJHQHUDOSRSXODWLRQ+RZHYHULWLVXQFOHDULIWKHSUHYDOHQFH
RIGLIIHUHQWVXEW\SHVRIDIIHFWLYHGLVRUGHUVOLNHXQLSRODUPDMRUGHSUHVVLRQRU
G\VWK\PLDLVGLIIHUHQWLQLQGLYLGXDOVZLWKVSHFL¿F&9'V
0HWKRGV ,Q  SDUWLFLSDQWV RI WKH *HUPDQ\ 1DWLRQDO +HDOWK 6XUYH\
OLIHWLPH SUHYDOHQFHV IRU DIIHFWLYH GLVRUGHUV ZHUH DVVHVVHG WKURXJK WKH
&RPSRVLWH ,QWHUQDWLRQDO'LDJQRVWLF ,QWHUYLHZDQGFDUGLRYDVFXODUGLVHDVHV
E\ VHOIUHSRUW DQG VXEVHTXHQW SK\VLFLDQ GLDJQRVLV 0XOWLYDULDEOH ORJLVWLF
UHJUHVVLRQZDVXVHGLQWKHDQDO\VLV
5HVXOWV3UHYDOHQFHVRIXQLSRODUGHSUHVVLRQELSRODUGLVRUGHUDQGG\VWK\PLD
ZHUH VLJQL¿FDQWO\ KLJKHU LQ SDUWLFLSDQWV ZLWK FRURQDU\ KHDUW GLVHDVH RU
VWURNH FRPSDUHG WR WKRVHZLWKRXW WKHVH&9'V'\VWK\PLDKDG D VWURQJHU
25&,DVVRFLDWLRQZLWK&+'WKDQXQLSRODUGHSUHV
VLRQ25&,&RQWUDU\XQLSRODUGHSUHVVLRQ25
&,VKRZHGKLJKHURGGVUDWLRVIRUWKHOLQNZLWKVWURNHWKDQ
G\VWK\PLD 25  &,  7KH FRPPRQO\ XVHG FDWHJRU\
µDQ\GHSUHVVLRQ¶UHYHDOHGORZHURGGV25&,IRUWKH
UHODWLRQVKLSZLWK&+'WKDQXQLSRODUGHSUHVVLRQRUG\VWK\PLD
&RQFOXVLRQV2XUUHVXOWVGHPRQVWUDWHWKHQHHGIRUGLDJQRVWLFVXEW\SLQJRI
DIIHFWLYHGLVRUGHUVZLWK VSHFLDO DWWHQWLRQ WRG\VWK\PLD&XUUHQWELRORJLFDO
PRGHOVRIGHSUHVVLRQGRQRWZHOOH[SODLQWKHYDU\LQJULVNVIRU&9'VDPRQJ
SDWLHQWVDFFRUGLQJWRFHUWDLQDIIHFWLYHGLVRUGHUV7KHVH¿QGLQJVPD\LPSDFW
RQ WKHUDSHXWLF UHJLPHQV DQG ELRORJLFDO PRGHOV IRU WKH OLQN RI DIIHFWLYH
GLVRUGHUVDQG&9'V
5HIHUHQFHV
1LOVVRQ)0.HVVLQJ/96RUHQVHQ70$QGHUVHQ3.%ROZLJ7*$IIHFWLYH
GLVRUGHUVLQQHXURORJLFDOGLVHDVHVDFDVHUHJLVWHUEDVHGVWXG\$FWD3V\FKL
DWU6FDQG
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-XYHQLOH%LSRODU'LVRUGHUDQG(SLOHSV\'LDJQRVWLF&KDOOHQJHV
/pRQ3DWULFH&HOHVWLQ
'HSWRI3V\FKLDWU\&+,3RLVV\±6DLQW*HUPDLQHQ/D\H
)UDQFH
6PDGDU&HOHVWLQ:HVWUHLFK
2EMHFWLYHV(DUO\RQVHW%LSRODU'LVRUGHU %3'KDVEHFRPH LQFUHDVLQJO\
LQYHVWLJDWHG*LYHQSRO\PRUSKLFFOLQLFDOPDQLIHVWDWLRQVHIIHFWLYHGLDJQRVLV
RI MXYHQLOH %3' \HW UHPDLQV FRPSOH[ 7KLV SDSHU H[DPLQHV GLIIHUHQWLDO
GLDJQRVWLF FKDOOHQJHV IRU LGHQWLI\LQJ HDUO\RQVHW %3' LQ WKH FRQWH[W RI
RYHUODSSLQJV\PSWRPVZLWKHSLOHSWLFV\QGURPH
0HWKRGV &OLQLFDO FDVH VHULHV ZHUH DQDO\]HG DQG FRPSOHPHQWHG ZLWK D
!&&%#4)6%¬$)3/2$%23¬")0/,!2	¬¬5.)0/,!2	¬¬0OSTER¬3ESSION¬.O
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
UHVHDUFKUHYLHZIRFXVLQJRQELSRODUPDQLDGLIIHUHQWLDWLRQIURPLWVHSLOHSWLF
HTXLYDOHQWVZKHQWKHVHEHQH¿WIURPVLPLODUPHGLFDWLRQPRGDOLWLHV
5HVXOWV:KHQDVVHVVLQJHDUO\RQVHW%3'LQSUHVHQFHRIDGLDJQRVHGHSL
OHSV\ V\QGURPHGLDJQRVWLF FKDOOHQJHVPDLQO\ UHIHU WR FRPRUELGLW\
DJHRIRQVHWDQGPLPLFRIPDQLFV\PSWRPV
)LUVW LPSRUWDQW FRPRUELGLW\ LQERWKGLVRUGHUV UDLVHV WKHTXHVWLRQ WRZKDW
H[WHQWHSLOHSV\DQG%3'FRRFFXU\HWMXYHQLOH%3'WHQGHGIRUPHUO\WREH
PLVFODVVL¿HG5HFHQWVWXGLHVKDYHVWDUWHGGRFXPHQWLQJRFFXUUHQFHRI%3'
LQHSLOHSV\WRZKLOHFRPRUELGHSLOHSWLFFRQGLWLRQVLQ%3'DSSHDU
WRLQFOXGHERWKFRQYXOVLYHDQGQRQFRQYXOVLYHHSLVRGHV
6HFRQGHDUO\DJHRIRQVHWDGGVWRGLDJQRVWLFFRPSOH[LW\:KLOHFKLOGKRRG
RQVHWRIHSLOHSV\LVUHDGLO\UHFRJQL]HGMXYHQLOH%3'LVVWLOOXQGHUGLDJQRVHG
FRPSDUHGWRLWVFXUUHQWO\HVWLPDWHGSUHYDOHQFH%RWK%3'DQGHSLOHSV\PD\
PDQLIHVW LQ DSSDUHQWO\ VLPLODU PDQQHU DQG FDUU\ FRPRUELG GLI¿FXOWLHV LQ
FKLOGKRRG7KHGLDJQRVWLFFKDOOHQJHRIDGHTXDWHO\GLVWLQJXLVKLQJDJHVSH
FL¿FEHKDYLRUSUREOHPVIURP%3'PDQLDRUHSLOHSWLFV\QGURPHLVLOOXVWUDWHG
LQWKHFOLQLFDOFDVHDQDO\VHV
7KLUG FHUWDLQ V\PSWRPV PD\ PLPLF PDQLF RU HSLOHSWLF V\QGURPHV 3DU
R[\VWLFPDQLIHVWDWLRQVIROORZLQJVLQJOHRUUHFXUULQJHSLOHSWLFHSLVRGHVPD\
SUHVHQW DV IXJXHV WKHIW SV\FKRPRWRU DJLWDWLRQ YLROHQW RU LPSXOVLYH DFWV
DQGSVHXGRVHL]XUHVPD\VKDUHSKHQRPHQRORJ\ZLWKHDUO\%3'DORQJZLWK
HSLOHSWLFH[SUHVVLRQV
&RQFOXVLRQV7KLVH[DPLQDWLRQRIDFOLQLFDOFDVHVHULHVKLJKOLJKWVµDW\SLFDO¶
PDQLIHVWDWLRQVRIHDUO\RQVHWPDQLD LQZKLFK%3'DQGHSLOHSWLFHSLVRGHV
VKDUHSKHQRPHQRORJ\WRFRQVWLWXWHDFRQIRXQGLQJIDFWRUWKDWUHTXLUHVIRFXV
RIGLDJQRVWLFLQYHVWLJDWLRQ)XUWKHUPRUHUHVHDUFKLVQHHGHGWRSURYLGHPRUH
DFFXUDWHHVWLPDWHVRI%3'±HSLOHSV\FRPRUELGLW\DQGGLVFULPLQDWHPRUHHI
IHFWLYHO\ EHWZHHQPDQLIHVWDWLRQV RI SULPDU\PDQLD VHFRQGDU\PDQLD DQG
SVHXGRVHL]XUHV )ROORZXS VWXGLHV VKRXOG DOORZ GLVHQWDQJOLQJ FRQGLWLRQV
LQZKLFKHSLOHSV\FRH[LVWVZLWK%3'IURPWKRVHLQZKLFKLQLWLDOHSLOHSWLF
V\PSWRPVHYROYHLQWR%3'DQGWKRVHLQZKLFKHDUO\RQVHWµDW\SLFDO¶PDQLD
LV PLVWDNHQ IRU HSLOHSV\ 8QWLO FODUL¿FDWLRQ RI FRPPRQ QHXURELRORJLFDO
JURXQGIRUWKHVHGLVRUGHUVDGHTXDWHGLIIHUHQWLDOLGHQWL¿FDWLRQRIHDUO\RQVHW
%LSRODU'LVRUGHUFDQEHHQKDQFHGE\WKRURXJKIDPLO\DQDPQHVLVGHYHORS
PHQWDODVVHVVPHQWRIHDUO\PDQLDDQGIHHGEDFNIURPPHGLFDWLRQUHVSRQVHV
5HIHUHQFHV
.XGR7 ,VKLGD 6.XERWD+ HW DO 0DQLF HSLVRGH LQ HSLOHSV\ DQG
ELSRODU,GLVRUGHUDFRPSDUDWLYHDQDO\VLVRISDWLHQWV(SLOHSVLD

:\OOLH ( *OD]HU -3 %HQEDGLV 6 HW DO  3V\FKLDWULF IHDWXUHV RI
FKLOGUHQDQGDGROHVFHQWVZLWKSVHXGRVHL]XUHV$UFK3HGLDWU$GROHVF0HG

+DUGHQ&/*ROGVWHLQ0$0RRGGLVRUGHUVLQSDWLHQWVZLWKHSLOHSV\
HSLGHPLRORJ\DQGPDQDJHPHQW&16'UXJV
32
'HSUHVVLRQDQG&RJQLWLYH'\VIXQFWLRQDIWHU,QWHUIHURQ
7UHDWPHQW
:LNWRU'UR]G]
&OLQLFDO1HXURSV\FKRORJ\8QLW1LFRODXV&RSHUQLFXV8QLYHUVLW\
7RUXQ&ROOHJLXP0HGLFXP%\GJRV]F]3RODQG
$OLQD%RUNRZVND:DOGHPDU+DORWD-DQXV].5\EDNRZVNL
2EMHFWLYHV 'HSUHVVLYH V\PSWRPV UHODWHG WR WUHDWPHQW ZLWK SHJ\ODWHG
LQWHUIHURQSOXVULEDYLULQLQSDWLHQWVZLWKKHSDWLWLV&DUHFRPPRQ5DLVRQHW
DO7KHHIIHFWRIVXFKWUHDWPHQWRQFRJQLWLYHIXQFWLRQLQVXFKSDWLHQWV
ZDV QRW PXFK VWXGLHG 7KH SXUSRVH RI WKH SUHVHQW VWXG\ ZDV DQ DVVHVV
PHQWRIWKHLQFLGHQFHRIGHSUHVVLRQDQGFRJQLWLYHG\VIXQFWLRQVLQVXEMHFWV
ZLWKGLDJQRVLVRIKHSDWLWLV&EHIRUH DQGDIWHU WKUHHPRQWK WUHDWPHQWZLWK
SHJ\ODWHGLQWHUIHURQDQGULEDYLULQ
3DWLHQWVDQGPHWKRGV1LQHW\WZRSDWLHQWVZLWKKHSDWLWLV&PDOHVDQG
 IHPDOHV DJHG  \HDUVZHUH HQUROOHG7KH LQWHQVLW\ RI GHSUHVVLRQ
ZDVDVVHVVHGXVLQJWKH+DPLOWRQ'HSUHVVLRQ5DWLQJ6FDOH+'56&RJQL
WLYH IXQFWLRQVZHUHH[DPLQHGE\ WKH6WURRS&RORU:RUG,QWHUIHUHQFH7HVW
$	% DQG WKH7UDLO0DNLQJ7HVW 707$	% )RXUWHHQ SDWLHQWVZLWK
FOLQLFDOGHSUHVVLRQDWWKH¿UVWH[DPLQDWLRQZHUHFRQFRPLWDQWO\WUHDWHGZLWK
DQDQWLGHSUHVVDQW
5HVXOWV$IWHU WKUHHPRQWK WUHDWPHQWZLWK SHJ\ODWHG LQWHUIHURQ SOXV ULED
YLULQ WKH LQWHQVLW\RIGHSUHVVLRQ LQSDWLHQWVZKRZHUHQRW WUHDWHGZLWK
DQ DQWLGHSUHVVDQW ZDV VLJQL¿FDQWO\ KLJKHU DV FRPSDUHG WR EDVHOLQH 2Q
WKHRWKHUKDQGDIWHUWKLVSHULRGRIWUHDWPHQWWKHSDWLHQWVSHUIRUPHGRQWKH
707%DQGWKH6WURRS7HVW%VLJQL¿FDQWO\IDVWHUEXWPDGHPRUHPLVWDNHV
RQWKH6WURRS7HVW%7KH+'56VFRUHLQSDWLHQWVZKRZHUHWUHDWHGZLWK
DQDQWLGHSUHVVDQWGLGQRW VLJQL¿FDQWO\FKDQJHDIWHU WKUHHPRQWK WUHDWPHQW
ZLWKSHJ\ODWHGLQWHUIHURQSOXVULEDYLULQ7KHVHSDWLHQWVDWWKHEHJLQQLQJRI
WKHVWXG\PDGHPRUHPLVWDNHVRQ WKH6WURRS7HVW% WKDQSDWLHQWVZLWKRXW
GHSUHVVLRQ$IWHULQWHUIHURQSOXVULEDYLULQHWUHDWPHQWSDWLHQWVRQDQWLGHSUHV
VDQWVKDGVORZHUWLPHRISHUIRUPDQFHRIWKH6WURRS7HVW%WKDQSDWLHQWVQRW
UHFHLYLQJDQWLGHSUHVVDQWWKHUDS\
&RQFOXVLRQV7KUHHPRQWK WUHDWPHQWZLWK SHJ\ODWHG LQWHUIHURQ SOXV ULED
YLULQZDVDVVRFLDWHGZLWKDQLQFUHDVHRIGHSUHVVLYHV\PSWRPVDQGZLWKDQ
LPSURYHPHQW RI YLVXRVSDWLDO ZRUNLQJ PHPRU\ SV\FKRPRWRU VSHHG DQG
VLPXOWDQHRXVO\ZLWKZRUVHQLQJ RQ YHUEDOZRUNLQJPHPRU\ DQG DWWHQWLRQ
7KHVH UHVXOWV PD\ LQGLFDWH GLVVLPLODU HIIHFW RI WUHDWPHQW ZLWK SHJ\ODWHG
LQWHUIHURQSOXVULEDYLULQRQV\PSWRPVRIGHSUHVVLRQDQGFRJQLWLRQ
5HIHUHQFHV
5DLVRQ&/%RULVRY$6%URDGZHOO6'&DSXURQ/:RROZLQH%--DFREVRQ
,01HPHURII&%0LOOHU$+'HSUHVVLRQGXULQJSHJ\ODWHGLQWHUIHURQDOSKD
SOXVULEDYLULQ WKHUDS\SUHYDOHQFHDQGSUHGLFWLRQ-&OLQ3V\FKLDWU\

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(IILFDF\RI4XHWLDSLQHLQ,PSURYLQJ4XDOLW\RI/LIH,Q3DWLHQWV
ZLWK%LSRODU'HSUHVVLRQ

-HDQ(QGLFRWW
&ROXPELD8QLYHUVLW\1HZ<RUN1HZ<RUN86$
.ULWKLND5DMDJRSDODQ:D\QH0DFIDGGHQ0DUJDUHW0LQNZLW]
-DPHV*DGG\
2EMHFWLYHV%LSRODU GHSUHVVLRQ LV DVVRFLDWHGZLWK LPSDLUHG KHDOWKUHODWHG
TXDOLW\RIOLIH+542/+RZHYHU+542/KDVEHHQXQGHULQYHVWLJDWHGDV
DWKHUDSHXWLFWDUJHWLQELSRODUGLVRUGHU7KLVVWXG\LQYHVWLJDWHGFKDQJHVLQ
TXDOLW\RIOLIHLQSDWLHQWVZLWKELSRODUGHSUHVVLRQWUHDWHGZLWKTXHWLDSLQH
0HWKRGV4XHWLDSLQHPRQRWKHUDS\ZDVVWXGLHGLQDQZHHNGRXEOHEOLQG
SODFHERFRQWUROOHGWULDOLQSDWLHQWVZLWKELSRODU,RU,,GLVRUGHU3DWLHQWVZHUH
UDQGRPL]HGWRUHFHLYHTXHWLDSLQHPJGD\Q TXHWLDSLQHPJ
GD\Q RUSODFHERQ +542/ZDVHYDOXDWHGXVLQJWKHLWHP
VKRUWIRUPRIWKH4XDOLW\RI/LIH(QMR\PHQWDQG6DWLVIDFWLRQ4XHVWLRQQDLUH
4/(646)DWEDVHOLQH:HHNDQG:HHN7KHRYHUDOO4/(64VFDOH
VFRUHUDQJHGIURP WRREWDLQHG WKURXJKWUDQVIRUPDWLRQRI WKH OLQHDU
DYHUDJHRIWKH¿UVW4/(64LWHPV$KLJKHU4/(64VFRUHZDVLQGLFD
WLYHRIJUHDWHU4R/
5HVXOWV%DVHOLQH4/(646)PD[LPXPVFRUHVZHUH ORZ TXHWLDSLQH
PJGD\JURXSTXHWLDSLQHPJGD\JURXSSODFHERJURXS
FRQVLVWHQWZLWKSRRU+542/$W¿QDODVVHVVPHQW WKHLPSURYHPHQW
LQ4/(646)VFRUHZDVVLJQL¿FDQWO\JUHDWHULQERWKTXHWLDSLQHWUHDWPHQW
JURXSVLQ WKHPJGD\JURXSDQGLQ WKHPJGD\JURXS
WKDQ LQ WKH SODFHER JURXS  S 6LJQL¿FDQW LPSURYHPHQW ZDV
QRWHG DW WKH ¿UVW 4/(64 6) DVVHVVPHQW :HHN  LQ ERWK TXHWLDSLQH
WUHDWPHQWJURXSVYHUVXVSODFHERS4XHWLDSLQHZDVJHQHUDOO\ZHOO
WROHUDWHG
&RQFOXVLRQV4XHWLDSLQHPRQRWKHUDS\LVHIIHFWLYHLQLPSURYLQJ+542/LQ
SDWLHQWVZLWKELSRODUGHSUHVVLRQ
5HIHUHQFHV
&RRNH5*5REE -&<RXQJ/7 -RIIH57:HOOEHLQJ DQG IXQFWLRQLQJ LQ
SDWLHQWVZLWKELSRODUGLVRUGHUDVVHVVHGXVLQJWKH026,7(0VKRUWIRUP
6)-$IIHFW'LVRUG
(QGLFRWW -1HH -+DUULVRQ:%OXPHQWKDO54XDOLW\RI/LIH(QMR\PHQW
DQG 6DWLVIDFWLRQ 4XHVWLRQQDLUH D QHZ PHDVXUH 3V\FKRSKDUPDFRO %XOO

6XSSRUWHGE\DJUDQWIURP$VWUD=HQHFD
!&&%#4)6%¬$)3/2$%23¬")0/,!2	¬¬5.)0/,!2	¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
32
:RUN,PSDLUPHQWLQ3DWLHQWVZLWK$FXWH0DQLD(0%/(0
%DVHOLQH5HVXOWV
,ULV*RHW]
/LOO\5HVHDUFK&HQWUH:LQGOHVKDP8.
07RKHQ&5HHG0/RUHQ]R(9LHWD
7KH(0%/(0$GYLVRU\%RDUG
2EMHFWLYHV 7KH (XURSHDQ 0DQLD LQ %LSRODU /RQJLWXGLQDO (YDOXDWLRQ RI
0HGLFDWLRQ (0%/(0 LV D ODUJHVFDOH SURVSHFWLYH REVHUYDWLRQDO PXOWL
FHQWUHVWXG\GHVLJQHGWRHYDOXDWHWKHORQJLWXGLQDOFRXUVHRIELSRODUGLVRUGHU
DQG LWV DVVRFLDWLRQV ZLWK SKDUPDFRORJLFDO WUHDWPHQW IROORZLQJ DQ DFXWH
PDQLFRUPL[HGHSLVRGH:HSUHVHQWDQRYHUYLHZRI WKHVWXG\GHVLJQDQG
WKH GHPRJUDSKLF DQG FOLQLFDO FKDUDFWHULVWLFV RI  SDWLHQWV DW EDVHOLQH
ZKLOH IRFXVLQJRQ IDFWRUV LQÀXHQFLQJZRUNSHUIRUPDQFH LQ WKH\HDU SULRU
WRHQUROPHQW
0HWKRGVLQYHVWLJDWRUVDFURVV(XURSHDQFRXQWULHVHQUROOHGSD
WLHQWVZLWKDFXWHPDQLDEHWZHHQ'HFHPEHUDQG-XQH/RQJLWXGL
QDOREVHUYDWLRQVDUHRQJRLQJXQWLO-XO\6RFLRGHPRJUDSKLFYDULDEOHV
SV\FKLDWULF KLVWRU\ FOLQLFDO VWDWXV DQG LQIRUPDWLRQ RQ SKDUPDFRORJLFDO
WUHDWPHQWIRUELSRODUGLVRUGHUZHUHUHFRUGHG,WHPVIURPWKH6/,&(RI/,)(
ZHUHDSSOLHG LQFOXGLQJDPHDVXUHRISDWLHQW IXQFWLRQDO VWDWXV LQ WHUPVRI
ZRUNLPSDLUPHQWGXULQJWKHSUHYLRXV\HDU7KHGLVWULEXWLRQRIWKHEDVHOLQH
FKDUDFWHULVWLFVZDVDQDO\VHGZLWKGHVFULSWLYHVWDWLVWLFV(LJKWHHQFURVVVHF
WLRQDO DQG UHWURVSHFWLYH YDULDEOHV ZHUH LQYHVWLJDWHG DV K\SRWKHVL]HG ULVN
IDFWRUVIRUZRUNLPSDLUPHQWDSSO\LQJORJLVWLFUHJUHVVLRQPRGHOV
5HVXOWV2ISDWLHQWVLQFOXGHGLQWKHDQDO\VLVZHUHFODVVL¿HGDV
KDYLQJµORZZRUNLPSDLUPHQW¶DQGDVKDYLQJµKLJKZRUNLPSDLUPHQW¶
LQ WKHSUHYLRXV\HDU3DWLHQWVZLWK&*,%3RYHUDOOGXULQJWKHSUHYLRXV
\HDUZHUH&,WRSDWLHQWVZLWKUDSLGF\FOLQJLQWKHSUHYLRXV
PRQWKVZHUH&,WRDQGSDWLHQWVZLWKVXEVWDQFHDEXVH
RWKHU WKDQDOFRKRODQGFDQQDELVZHUH &, WR WLPHVPRUH
OLNHO\ WR KDYH KLJKZRUN LPSDLUPHQW UHVSHFWLYHO\&*,%3GHSUHVVLRQ
GXULQJWKHLQGH[HSLVRGHZDVVLJQL¿FDQWO\UHODWHGWRZRUNLPSDLUPHQW
&,WRDVZDVQRWOLYLQJZLWKDSDUWQHU&,WR
,QFRPSDULVRQWR\HDUROGVSDWLHQWVDJHGZHUHPRUHOLNHO\WR
VKRZZRUNLPSDLUPHQW&,WR
&RQFOXVLRQV:LWKDVWXG\SRSXODWLRQRI(0%/(0LVWRRXUNQRZO
HGJH WKH ODUJHVW SURVSHFWLYHREVHUYDWLRQDO VWXG\ DVVHVVLQJSDWLHQWV GXULQJ
DQGDIWHUDQDFXWHHSLVRGHRIPDQLDLQWHUPVRIFOLQLFDODQGIXQFWLRQDORXW
FRPHV7KHVHYHULW\RIWKHGLVRUGHUGXULQJWKHSUHYLRXV\HDUWKHVHYHULW\RI
GHSUHVVLYHV\PSWRPVGXULQJPDQLDUDSLGF\FOLQJVXEVWDQFHDEXVHDQGQRW
OLYLQJZLWKDSDUWQHUDUHVLJQL¿FDQWO\DVVRFLDWHGWRRFFXSDWLRQDOSUREOHPV
7KH(0%/(0VWXG\LVVXSSRUWHGE\(OL/LOO\DQG&RPSDQ\/LPLWHG
32
(OHFWURGHUPDO$FWLYLW\0DUNHUIRU6XLFLGDO7HQGHQF\LQ
'HSUHVVLRQ"
0DUWLQ-DQGO
'HSWRI3V\FKLDWU\,8QLYHUVLW\RI8OP*HUPDQ\
-XHUJHQ6WH\HU5RODQG6WUDXE:DOWHU)URHVFKHU
:ROIJDQJ.DVFKND
2EMHFWLYHV 0DMRU GHSUHVVLRQ GLVRUGHU 0'' LV WKH SV\FKLDWULF GLVHDVH
ZLWK WKH KLJKHVW OLIHWLPH ULVN RI VXLFLGH ZLWK D ¿JXUH RI DERXW  ,Q
WKH IDFH RI WKH HPHUJLQJ RSSRUWXQLW\ IRUPHGLFDO SURSK\OD[LV RI VXLFLGH
LW DSSHDUV FUXFLDO WR VHDUFK IRU IXUWKHU SUHGLFWRUV RI LQFUHDVHG VXLFLGDO
ULVN 'HSUHVVHG SDWLHQWVZKR ODWHU GLHG E\ VXLFLGH H[KLELWHG VLJQL¿FDQWO\
GHFUHDVHGHOHFWURGHUPDODFWLYLW\('$YDOXHVFRPSDUHGWRGHSUHVVHGSD
WLHQWVZLWKRXWVXLFLGDOWHQGHQFLHV:ROIHUVGRUIHWDO:HDVVXPHWKDW
('$YDOXHVDUHDOWHUHGDQGFDQDFWDVWUDLWPDUNHUVLQDVXEJURXSRI0''
SDWLHQWVZLWKVHYHUHVXLFLGDOWHQGHQFLHV
0HWKRGV  LQSDWLHQWVZLWK DPRGHUDWH RU VHYHUH HSLVRGHRI0''KDYH
EHHQ LQFOXGHGFRQVHFXWLYHO\ LQ DQRQJRLQJFRQWUROOHGRQHWLPHFURVVVHF
WLRQ VWXG\ 7KH\ZHUH FORVHO\ H[SORUHG IRU D KLVWRU\ RI VHYHUH DWWHPSWHG
VXLFLGHVLQWR[LFDWLRQVZLWKVXEVHTXHQWLQWHQVLYHFDUHRU³KDUG´PHWKRGV
2QWKLVEDVLVWKH\ZHUHDOORFDWHGWRWZRJURXSVDKLVWRU\RIDWOHDVWRQH
VHYHUHDWWHPSWHGVXLFLGH1RDWWHPSWHGVXLFLGHFRQWURO('$WULDOVZHUH
FDUULHGRXWZKHQSDWLHQWVZHUHIUHHRIVXLFLGDOLPSXOVLYHQHVVDQGLGHDWLRQ
SV\FKRPRWRUUHVWOHVVQHVVSV\FKRWLFV\PSWRPVDQGKDGDOVRQRWEHHQJLYHQ
EHQ]RGLD]HSLQHVRUDQWLFKROLQHUJLFGUXJVIRUDWOHDVWZHHN$IWHUPLQ
XWHVUHVWVLQHWRQHVZHUHSUHVHQWHGZLWKSVHXGRUDQGRPL]HGLQWHUVWLPX
OXVLQWHUYDOV,6,RYHUDSHULRGRIPLQXWHV7KHSULPDU\PHDVXUHVZHUHWKH
('$SDUDPHWHUVVNLQFRQGXFWDQFHUHVSRQVH6&5DPSOLWXGH6&5ODWHQF\
KDELWXDWLRQUDWHDQGVSRQWDQHRXVÀXFWXDWLRQV$GGLWLRQDOPHDVXUHVZHUHWKH
%HFNGHSUHVVLRQLQYHQWRU\%',DQGWKHVWDWHWUDLWDQ[LHW\LQYHQWRU\67$,
VXPVFRUH)RUJURXSFRPSDULVRQVXQSDLUHG WWHVWVZHUHXVHG7RSUHGLFW
JURXSDOORFDWLRQGLVFULPLQDQWDQDO\VLVZDVDSSOLHG
5HVXOWVGHSUHVVLYHSDWLHQWVPIKDGDKLVWRU\RIVHYHUHDWWHPSWHG
VXLFLGHPIKDGQRW0HDQ('$KDELWXDWLRQUDWHGLIIHUHGKLJKO\
VLJQL¿FDQWO\EHWZHHQWKHWZRJURXSV,WKDVEHHQIRXQG0 6' 
IRU WKH DWWHPSWHG VXLFLGH JURXS YV 0  6'  IRU WKH FRQWURO
JURXS S  RI SDWLHQWV FRXOG EH FRUUHFWO\ FODVVL¿HG E\ GLV
FULPLQDQWDQDO\VLV7KHRWKHUSULPDU\PHDVXUHVGLGQRWGLIIHUEHWZHHQWKH
JURXSV7KHUHZHUHQRVLJQL¿FDQWGLIIHUHQFHVLQPHDQDJHLQ%',RULQ67$,
VFRUHEHWZHHQWKHJURXSV
&RQFOXVLRQV2QO\WKH('$KDELWXDWLRQUDWHFDQEHSURSRVHGDVDJURXSGLV
WLQFWLYHIHDWXUHIRUVXLFLGDOULVNLQ0''SDWLHQWV6LQFHWKH6&5LVUHJDUGHG
DV D SULQFLSDO FRPSRQHQW RI WKH RULHQWLQJ UHVSRQVH 2525KDELWXDWLRQ
RFFXUUHGIDVWHULQGHSUHVVHGSDWLHQWVZLWKDKLVWRU\RIDWWHPSWHGVXLFLGHWKDQ
LQ WKRVHZLWKRXW7KH UHVXOWVDUHSUHOLPLQDU\DVD VHWRISRWHQWLDOSV\FKR
DQGQHXURSK\VLRORJLFULVNPDUNHUVIRUVXLFLGDOWHQGHQFLHVHVSHFLDOO\HYHQW
UHODWHGSRWHQWLDOVZLOOEHWHVWHG
32
*HQGHUDQG'HSUHVVLRQ
6DQDD0DIWRXK
8QLYHUVLW\3V\FKLDWULF&HQWHU0RURFFR
6%HUUDGD=+DLPHXU'0RXVVDRXL1.DGUL
2EMHFWLYHV7RHVWDEOLVK D FRPSDUDWLYH VWXG\RI WKH FKDUDFWHULVWLFVRI WKH
GHSUHVVLRQ WKH SV\FKRVRFLDO IDFWRUV DQG WKH OLIH HYHQWV DVVRFLDWHG ZLWK
GHSUHVVLRQDW0RURFFDQZRPHQDQGPHQ
0HWKRGV2QHKXQGUHG 1 GHSUHVVLYHSDWLHQWVZHUH UHFUXLWHG LQ WKH
SV\FKLDWULF XQLYHUVLW\ FHQWUH RI &DVDEODQFD 7KH XVHG LQVWUXPHQWV ZHUH
WKH0LQL LQWHUQDWLRQDOQHXURSV\FKLDWULF LQWHUYLHZ0,1,7KH+DPLOWRQ
GHSUHVVLRQ VFDOH +'56 WKH+DPLOWRQ DQ[LHW\ VFDOH +$6 DQG WKH
LQYHQWRU\ RI 3D\NHO 7KH  JURXSVZHUHPDWFKHG E\ DJH VRFLRHFRQRPLF
OHYHODQGPDULWDOVWDWXV
5HVXOWV7KHSUHYDOHQFHRIWKHGHSUHVVLRQRQOLIHZDVDPRQJZRPHQ
YHUVXV DPRQJPHQ:RPHQKDGPRUH WHQGHQF\ WR UHODSVH WKDQPHQ
YVUHODSVH'HSUHVVLRQDSSHDUHGHDUOLHUZLWKZRPHQ
\HDUV YV  \HDUV 0DUULHG ZRPHQ PDGH PRUH GHSUHVVLRQ WKDQ
PDUULHGPHQ YV 0HQRI WKH VDPSOH VXIIHU IURPDOFRKRO
LVP PRUH WKDQ ZRPHQ  YV  7KH OLIH HYHQWV ZKLFK DUH WKH
PRVW IUHTXHQWO\ IRXQG DPRQJZRPHQZHUHPDULWDO FRQÀLFWV  DQG
GHDWKZKHUHDVPHQZHUHPRUHVHQVLWLYHWRSURIHVVLRQDOSUREOHPV
DQG¿QDQFLDO
&RQFOXVLRQV7KHUHLVDJHQGHUGHSUHVVLRQSUR¿OHRIZKLFKLWLVQHFHVVDU\WR
WDNHFDUHIRUSUHYHQWLRQDQGWUHDWPHQW
32
%LSRODU'LVRUGHUPRQWKV(IILFDF\RI5LVSHULGRQH,QMHFWDEOH
5RVVHOOD0HGRUL
-DQVVHQ&LODJ0HGLFDO$IIDLUV(0($%HHUVH%HOJLXP
3HWHU%UlXQLJ(PLOLR6DFFKHWWL
2EMHFWLYHV 7R HYDOXDWH WKH  PRQWK HI¿FDF\ DQG WROHUDELOLW\ LQ VWDEOH
SDWLHQWV ZLWK ELSRODU GLVRUGHU ZKR ZHUH FKDQJHG GLUHFWO\ WR 5/$, IURP
SUHYLRXVWUHDWPHQW
0HWKRGV$GXOWSDWLHQWVZLWKDELSRODU,GLVRUGHU'60,9ZKRKDGEHHQ
VWDEOHRQWKHLUSUHYLRXVXQFKDQJHGPHGLFDWLRQVUHJLPHQIRU PRQWKEXW
ZKRZHUHFRQVLGHUHGWRUHTXLUHDWUHDWPHQWFKDQJH7KH\UHFHLYHGLQMHFWLRQV
RI5/$,PJLPHYHU\GD\VIRUPRQWKV'RVDJHFRXOGEHLQFUHDVHG
WRPJRUPJLIUHTXLUHG
5HVXOWV6L[WHHQSDWLHQWVPDOHPHDQDJH\HDUVZLWKD'60,9
GLDJQRVLV RI ELSRODU GLVRUGHU ZHUH VZLWFKHG EHFDXVH RI QRQFRPSOLDQFH
VLGHHIIHFWVLQVXI¿FLHQWHI¿FDF\DQGRURWKHUUHDVRQV
 7ZHOYH SDWLHQWV FRPSOHWHG WKH VL[ PRQWKV WUHDWPHQW ZLWK 5/$,
!&&%#4)6%¬$)3/2$%23¬")0/,!2	¬¬5.)0/,!2	¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
7KUHH SDWLHQWV GLVFRQWLQXHG WKH VWXG\ HDUO\ GXH WRZLWKGUDZDO RI FRQVHQW
DQG RQH GXH WR DGYHUVH HYHQWV'RVH GLVWULEXWLRQ DW EDVHOLQHZDV 
DQGIRUDQGPJZKLFKVKLIWHGWRDQG
DWHQGSRLQW
7KLVJURXSGHPRQVWUDWHGDFOLQLFDOO\VLJQL¿FDQWUHGXFWLRQLQGLVHDVHV\PS
WRPVDFFRUGLQJWR&*,'LVHDVH6HYHULW\DWHQGSRLQWFRPSDUHGWREDVHOLQH
7KHSDWLHQWVFODVVL¿HGDVµQRWLOOERUGHUOLQHLOO¶LQFUHDVHGIURPSDWLHQWVDW
EDVHOLQH WR  SDWLHQWV DW HQGSRLQW DQG WKRVH ³PDUNHGO\ LOOPRGHUDWHO\ LOO´
IURPWR6FRUHVIRU3$1663RVLWLYHDQGIRUWKHGLVRUJDQLVHGWKRXJKWV
IDFWRUKRVWLOLW\H[FLWHPHQWIDFWRUDQGDQ[LHW\GHSUHVVLRQIDFWRUDFFRUGLQJ
WR0DUGHUVKRZHGDPLOGUHGXFWLRQ0HDQ*$)VFRUHLPSURYHGSRLQWV
WRDWHQGSRLQWDQGSDWLHQWVDWLVIDFWLRQZLWKWUHDWPHQWZDVDOVRKLJKHU
DWHQGSRLQWIURPUDWLQJVDWLVIDFWLRQDVµYHU\JRRG¶DWEDVHOLQHWR
DWHQGSRLQW
0HDQ(656WRWDOVFRUH LPSURYHGVLJQL¿FDQWO\7KHUHZHUHQRXQH[SHFWHG
VLGHHIIHFWVDQGWKHPDMRULW\RIWUHDWPHQWHPHUJHQWDGYHUVHHYHQWVZHUHRI
PLOGVHYHULW\
&RQFOXVLRQV7KLVFRKRUWRISDWLHQWVZLWKELSRODUGLVRUGHUZKRZHUHVWDEOH
RQRWKHUUHJLPHQVVKRZHGPDLQWHQDQFHRIHI¿FDF\RYHUDVL[PRQWKWUHDW
PHQWSHULRGZLWK5/$,1RQHRIWKHSDWLHQWVGLVFRQWLQXHGGXHWRPDQLFRU
GHSUHVVLYH HSLVRGHV7KLV WUHDWPHQWZDV DVVRFLDWHGZLWK LPSURYHG JOREDO
IXQFWLRQLQJ JRRG WROHUDELOLW\ DQG SDWLHQW VDWLVIDFWLRQ 7KLV VWXG\ RIIHUV
SUHOLPLQDU\GDWDRQPDLQWHQDQFHWUHDWPHQWLQSDWLHQWVZLWKELSRODUGLVRUGHU
ZLWKULVSHULGRQHORQJDFWLQJLQMHFWDEOH
32
3UHGLFWRUVRI6\PSWRP5HVROXWLRQLQ5HVLVWDQW'HSUHVVLRQ
5RVHOOD0HGRUL
-DQVVHQ0HGLFDO$IIDLUV//&86$
&DUOD0&DQXVR&\QWKLD$%RVVLH*HRUJHV0*KDUDEDZL
%DFNJURXQG ,Q DQ LQWHUQDWLRQDO WULDO RSHQODEHO ULVSHULGRQH DXJPHQWD
WLRQZDVDVVRFLDWHGZLWKV\PSWRPUHVROXWLRQLQDODUJHQXPEHURISDWLHQWV
ZLWKGHSUHVVLRQ UHVLVWDQW WR VWDQGDUGDQWLGHSUHVVDQW WKHUDS\7KLVDQDO\VLV
H[SORUHGZKHWKHUSUHGLFWRUVRIWKLVUHVSRQVHFRXOGEHLGHQWL¿HG
0HWKRGV 7KH VWXG\ LQFOXGHG DQ RSHQODEHO FLWDORSUDP SKDVH WR FRQ¿UP
QRQUHVSRQVH WR D VWDQGDUG DQWLGHSUHVVDQW IROORZHGE\ DQ RSHQODEHO ULV
SHULGRQH DXJPHQWDWLRQ SKDVH WR LGHQWLI\ SDWLHQWVZKR DFKLHYHG V\PSWRP
UHVROXWLRQ/RJLVWLF UHJUHVVLRQPRGHOV H[DPLQHG WKH UHODWLRQVKLS EHWZHHQ
EDVHOLQHGHPRJUDSKLFGLVHDVHFKDUDFWHULVWLFVDQGV\PSWRPUHVROXWLRQZLWK
ULVSHULGRQHDXJPHQWDWLRQ
5HVXOWV 8QLYDULDWH PRGHOV LGHQWL¿HG EDVHOLQH IDFWRUV DVVRFLDWHG ZLWK D
JUHDWHU OLNHOLKRRG RI V\PSWRP UHVROXWLRQ DV IHZHU SULRU DQWLGHSUHVVDQWV
LQWKHFXUUHQWHSLVRGH±YV!S ORQJHUGXUDWLRQRIWKHFXUUHQW
HSLVRGH!\HDUVYV±\HDUVS ORZHUDQ[LHW\UDWLQJVYLD+$0'
DQ[LHW\VRPDWL]DWLRQ VXEVFDOH  YV  S  DQG ORZHU UDWLQJV YLD
+$0'LQVRPQLDVFRUHVS $JHVH[UDFHDQGVHYHULW\UHFXUUHQFH
RIPDMRUGHSUHVVLYHGLVRUGHUZHUHVRPHYDULDEOHVZLWKQRVLJQL¿FDQWUHOD
WLRQVKLSWRV\PSWRPUHVROXWLRQ,QWZRPXOWLSOHORJLVWLFPRGHOVIHZHUSULRU
DQWLGHSUHVVDQWVLQWKHFXUUHQWHSLVRGHS ORQJHUGXUDWLRQRIWKHFXU
UHQWHSLVRGHS DQGORZHUDQ[LHW\UDWLQJVS DJDLQHPHUJHG
DVVLJQL¿FDQWIDFWRUV)XUWKHUDQDO\VLVZLOODGGUHVVIDFWRUVDVVRFLDWHGZLWK
PDLQWHQDQFHRIUHVSRQVH
&RQFOXVLRQV7KLVDQDO\VLVPD\KHOSLGHQWLI\SDWLHQWVZLWKUHVLVWDQWGHSUHV
VLRQPRVWOLNHO\WREHQH¿WULVSHULGRQHDXJPHQWDWLRQ
5HIHUHQFHV
*UHHQVSDQ$.RVLN*RQ]DOH]&%RVVLH& HW DO5HDGLQHVV WR GLVFKDUJH
DPRQJLQSDWLHQWVZLWKVFKL]RSKUHQLDHIIHFWVRIULVSHULGRQHTXHWLDSLQHDQG
SODFHER3RVWHUSUHVHQWHGDW WKH;;,9WK&ROOHJLXP,QWHUQDWLRQDOH1HXUR
SV\FKRSKDUPDFRORJLFXP&RQJUHVV-XQH3DULV)UDQFH
6]DGRF]N\6(5R]VD6=DPERUL-)XUHGL-3UHGLFWRUVIRU\HDURXWFRPH
RIPDMRUGHSUHVVLYHHSLVRGH-$IIHFW'LVRUG
32
(IIHFWRQ&RUH6\PSWRPVRI'HSUHVVLRQZLWK0LUWD]DSLQHYV
665,V
0LFKDHO(7KDVH
8QLYHUVLW\RI3LWWVEXUJK0HGLFDO&HQWHU:HVWHUQ3V\FKLDWULF
,QVWLWXWHDQG&OLQLF3LWWVEXUJK3$86$
5RVV$%DNHU-RKQ+6LPPRQV$UMHQYDQ:LOOLJHQEXUJ
$QMD-+HXNHOV$OEHUW-DQ6FKXWWH
2EMHFWLYHV 0LUWD]DSLQH KDV D PRUH UDSLG RQVHW RI DQWLGHSUHVVDQW HIIHFW
WKDQ665,V7RGHWHUPLQHWKHHIIHFWRIPLUWD]DSLQHRQWKHFRUHV\PSWRPV
RIGHSUHVVLRQZHFRQGXFWHGDPHWDDQDO\VLVFRPSDULQJWKH%HFKIDFWRU
VFRUHRILQGLYLGXDOSDWLHQWGDWDIURP665,FRQWUROOHGVWXGLHVRIPLUWD]D
SLQHYHUVXV665,V
0HWKRGV ,QDOO WULDOV VXEMHFWVZKRPHWHLWKHU'60,,,RU ,9FULWHULD IRU
PDMRU GHSUHVVLRQ ZHUH UDQGRPL]HG WR WUHDWPHQW IRU  ZHHNV ZLWK HLWKHU
PLUWD]DSLQHFRPSOHWHGRUDQ665,FRPSOHWHG
7KH WLPH WR ¿UVW UHVSRQVH  UHGXFWLRQ LQ %HFK VFRUH DQG WLPH WR
VXVWDLQHGUHVSRQVHUHGXFWLRQRQ%HFKVFRUHPDLQWDLQHGWRHQGSRLQW
ZHUHFRPSDUHGXVLQJ¿[HGDQGUDQGRPHIIHFWVPRGHOVDQG.DSODQ0HLHU
VXUYLYDODQDO\VLV
5HVXOWV 3DWLHQWV WUHDWHGZLWKPLUWD]DSLQH KDG D VLJQL¿FDQWO\ JUHDWHU ¿UVW
UHVSRQVH3  DQGVXVWDLQHGUHVSRQVH3  RQ WKH%HFKVFRUH
WKDQ VXEMHFWV WUHDWHGZLWK 665,V7KH FXPXODWLYH SUREDELOLW\ RI UHVSRQVH
ZDVVLJQL¿FDQWO\KLJKHUIRUPLUWD]DSLQHYHUVXV665,VDQGQRWVLJQL¿FDQWO\
GLIIHUHQWIRUWKHFXPXODWLYHSUREDELOLW\RIVXVWDLQHGUHVSRQVH
&RQFOXVLRQV7KHUHVXOWVVXJJHVWWKDWWKHHDUO\RQVHWRIDQWLGHSUHVVDQWHIIHFW
REVHUYHGZLWKPLUWD]DSLQH FDQ EH DW OHDVW SDUWLDOO\ H[SODLQHG E\ D GLUHFW
UDSLGDOOHYLDWLRQRIWKHFRUHV\PSWRPVRIGHSUHVVLRQE\PLUWD]DSLQH
5HIHUHQFHV
7KRPSVRQ&YDQ:LOOLJHQEXUJ$33+HXNHOV$- -DQVVHQV&--*HW DO
0LUWD]DSLQHYV665,V$0HWD$QDO\VLVRQ2QVHWRI$QWLGHSUHVVDQW$FWLY
LW\3RVWHUSUHVHQWHGDWWKHWKPHHWLQJRIWKH$PHULFDQ3V\FKLDWULF$V
VRFLDWLRQ$3$0D\1HZ<RUN$EVWUDFW15
%HKQNH.6¡JDDUG -0DUWLQ6 HW DO0LUWD]DSLQHRUDOO\GLVLQWHJUDWLQJ
WDEOHWYHUVXVVHUWUDOLQHDSURVSHFWLYHRQVHWRIDFWLRQVWXG\-&OLQ3V\FKRS
KDUPDFRORJ\
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$FWLJUDSKLF&KDQJHVLQ6HDVRQDO$IIHFWLYH'LVRUGHU7UHDWHG
ZLWK/LJKW7KHUDS\
'LHWPDU:LQNOHU
'HSDUWPHQWRI*HQHUDO3V\FKLDWU\0HGLFDO8QLYHUVLW\RI9LHQQD
$XVWULD
(GGD3MUHN1LFROH3UDVFKDN5LHGHU0DWWKlXV:LOOHLW
/XNDV3H]DZDV$QDVWDVLRV.RQVWDQWLQLGLV-UJHQ6WDVWQ\
6LHJIULHG.DVSHU
2EMHFWLYHV3UHYLRXVVWXGLHV>@KDYHGHVFULEHGDEQRUPDOLWLHVRIFLUFD
GLDQUK\WKPVLQSDWLHQWVVXIIHULQJIURPVHDVRQDODIIHFWLYHGLVRUGHU6$'
7KHSXUSRVHRIWKLVVWXG\ZDVWRLQYHVWLJDWHLIEULJKWOLJKWWKHUDS\%/7LV
DEOHWRUHYHUVHWKHVHGLVWXUEDQFHV
0HWKRGVV\PSWRPDWLFDOO\GHSUHVVHG6$'RXWSDWLHQWVDQGVH[DQG
DJHPDWFKHG KHDOWK\ FRQWUROV ZHUH WUHDWHG ZLWK %/7 DGPLQLVWHUHG LQ WKH
PRUQLQJ KEHWZHHQ DQG IRU ZHHNV$FWLYLW\ OHYHOVZHUH
PHDVXUHGZLWKZULVWDFWLJUDSK\$FWLZDWFK3OXVE\&DPEULGJH1HXURWHFK
QRORJ\/WG&DPEULGJHVKLUH8.
5HVXOWV7RWDOS DQGGD\OLJKWDFWLYLW\LHDFWLYLW\EHWZHHQVXQULVH
DQGVXQVHWS LQFUHDVHGDIWHUZHHNVRIWUHDWPHQWLQ6$'SDWLHQWV
0RUHRYHU%/7OHGWRLQFUHDVHRIWKHUHODWLYHDPSOLWXGHDPSOLWXGHUHODWLYH
WRPHVRURIWKH¿WUK\WKPS DGYDQFHRIWKHFRVLQHSHDNDFURSKDVH
RI FRVLQRU DQDO\VLV S  DQG LPSURYHG VOHHS HI¿FLHQF\ S  LQ
SDWLHQWV(IIHFWVRI%/7RQ WKHVHSDUDPHWHUV LQKHDOWK\FRQWUROVZHUHQRW
VWDWLVWLFDOO\VLJQL¿FDQW ,QWUDGDLO\VWDELOLW\PHDVXULQJ WKHVWUHQJWKRIFRX
SOLQJRIWKHUK\WKPWRH[WHUQDO]HLWJHEHUVLQFUHDVHGE\ERWKLQSDWLHQWV
DQGKHDOWK\FRQWUROVS 
&RQFOXVLRQV7KHUHVXOWVRIRXUVWXG\REMHFWLYHO\VKRZWKHHIIHFWVRI%/7
%/7 OHG WR DQ LQFUHDVH RI DFWLYLW\ OHYHOV DGYDQFHG WKH FLUFDGLDQ UK\WKP
DQGLPSURYHGVOHHSLQ6$'SDWLHQWV%/7PLJKWDOVRVWDELOL]HWKHFLUFDGLDQ
UK\WKPLQQRQGHSUHVVHGLQGLYLGXDOVGXULQJWKHIDOOZLQWHUVHDVRQ
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\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5HIHUHQFHV
 7HLFKHU 0+ *ORG &$ 0DJQXV ( +DUSHU ' %HQVRQ * .UXHJHU .
0F*UHHQHU\&(&LUFDGLDQUHVWDFWLYLW\GLVWXUEDQFHV LQVHDVRQDODIIHFWLYH
GLVRUGHU$UFK*HQ3V\FKLDWU\
'DKO.$YHU\'+/HZ\$-6DYDJH09%UHQJOHPDQQ*//DUVHQ+/+
9LWLHOOR093ULQ]31'LPOLJKWPHODWRQLQRQVHWDQGFLUFDGLDQWHPSHUDWXUH
GXULQJDFRQVWDQWURXWLQHLQK\SHUVRPQLFZLQWHUGHSUHVVLRQ$FWD3V\FKLDWU
6FDQG
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7KH0HDVXUHPHQWRI)DWLJXHLQ'HSUHVVLRQ
9DVVLOLV.RQWD[DNLV
8QLYHUVLW\RI$WKHQV'HSDUWPHQWRI3V\FKLDWU\(JLQLWLRQ+RVSL
WDO$WKHQV*UHHFH
%HDWD+DYDNL.RQWD[DNL.RQVWDQWLQRV3DSORV
3DQD\RWLV)HUHQWLQRV
2EMHFWLYHV)DWLJXHLVDFRPPRQV\PSWRPLQWKHFRPPXQLW\DQGLQSULPDU\
FDUH,WLVDOVRDIUHTXHQWDOEHLWQRQVSHFL¿FV\PSWRPHQFRXQWHUHGLQYDULRXV
FOLQLFDOVHWWLQJVLQFOXGLQJGHSUHVVLRQ)DWLJXHLVDFRUHV\PSWRPRIPDMRU
GHSUHVVLRQ DQG DPDLQ UHVLGXDO V\PSWRP SHUVLVWLQJ DIWHU WUHDWPHQW LQWHU
YHQWLRQV$OWKRXJKIDWLJXHLVGLI¿FXOW WRGH¿QHDQGFRQFHSWXDOL]HYDULRXV
VHOIUHSRUWIDWLJXHPHDVXUHVKDYHEHHQSURSRVHGWRDVVHVVLWVVHYHULW\LQD
FRQWLQXXPDQGHYDOXDWHRWKHUDVVRFLDWHGDVSHFWV LQ VHYHUDOFOLQLFDO VWDWHV
7KHSXUSRVHRIWKLVVWXG\LVWRUHYLHZWKHVSHFL¿FLQVWUXPHQWVXVHGWRPHDV
XUHIDWLJXHLQGHSUHVVHGSDWLHQWV
0HWKRGV $OO SDSHUV SXEOLVKHG XQWLO -DQXDU\  VWXG\LQJ IDWLJXH LQ
SDWLHQWVZLWKPDMRUGHSUHVVLRQDQGRUG\VWK\PLDZHUHVFUHHQHGIRUIDWLJXH
PHDVXUHVXVHGDQGFULWLFDOO\UHYLHZHG
5HVXOWV,QWKHPDMRULW\RIVWXGLHVIRXQGIDWLJXHZDVLQGLUHFWO\DQGXQLGL
PHQVLRQDOO\ DVVHVVHG E\PHDQV RI VSHFL¿F LWHPV RU VXEVFDOHV RI EURDGHU
JHQHUDOKHDOWKRUSV\FKRSDWKRORJ\LQVWUXPHQWVHJ6)*+43206
6SHFL¿FIDWLJXHLQVWUXPHQWVZHUHXVHGLQRQO\VWXGLHVWRDVVHVVIDWLJXH
LQSDWLHQWVZLWKPDMRUGHSUHVVLRQVWXGLHVRUG\VWK\PLDVWXG\)D
WLJXHLQVWUXPHQWVXVHGZHUH)DWLJXH6HYHULW\6FDOH)66VWXGLHV%ULHI
)DWLJXH,QYHQWRU\%),VWXGLHV)DWLJXH4XHVWLRQQDLUH)4VWXG\)D
WLJXH$VVHVVPHQW,QVWUXPHQW)$,VWXG\)DWLJXH6FDOH,QYHQWRU\)6,
VWXG\9DOLGDWLRQGDWDZHUHSURYLGHGLQRQO\RQHVWXG\XVLQJ)$,WRDVVHVV
IDWLJXHLQDJURXSRISDWLHQWVZLWKG\VWK\PLD
&RQFOXVLRQV)DWLJXH LQSDWLHQWVZLWKGHSUHVVLRQ LVXQGHUVWXGLHG)DWLJXH
LQVWUXPHQWVKDYHEHHQXVHGWRPHDVXUHIDWLJXHLQGHSUHVVHGSDWLHQWVLQRQO\
DVPDOOQXPEHURIVWXGLHV)DWLJXH6HYHULW\6FDOHLVWKHRQHPRVWRIWHQXVHG
+RZHYHUQRVSHFL¿FIDWLJXHPHDVXUH LVYDOLGDWHGIRUXVH LQSDWLHQWVZLWK
PDMRUGHSUHVVLRQ
5HIHUHQFHV
'LWWQHU$-:HVVHO\ 6& %URZQ5* 7KH DVVHVVPHQW RI IDWLJXH D
SUDFWLFDO JXLGH IRU FOLQLFLDQV DQG UHVHDUFKHUV - 3V\FKRVRP 5HV 

6FKZDUW]-( -DQGRUI/.UXSS/%7KHPHDVXUHPHQWRI IDWLJXHD
QHZLQVWUXPHQW-3V\FKRVRP5HV
3HSSHU&0.UXSS/%)ULHGEHUJ)'RVFKHU&&R\OH3.$FRP
SDULVRQ RI QHXURSV\FKLDWULF FKDUDFWHULVWLFV LQ FKURQLF IDWLJXH V\QGURPH
PXOWLSOHVFOHURVLVDQGPDMRUGHSUHVVLRQ-1HXURSV\FKLDWU\&OLQ1HXURVFL

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0RUDO7KLQNLQJDQG'HSUHVVLRQ$7%2/'I05,(YHQW
5HODWHG6WXG\
%HUQDVFRQL$OHVVDQGUR
,VWLWXWR6FLHQWL¿FR8QLYHUVLWDULR2VSHGDOH65DIIDHOH
&(50$&0LODQR,WDO\
5DGDHOOL'DQLHOH%HQHGHWWL)UDQFHVFR%ODVL9DOHULD
&DGLROL0DUFHOOR&RORPER&ULVLWQD)DOLQL$QGUHD
6FRWWL*LXVHSSH6PHUDOGL(QULFR
2EMHFWLYHV7RWDO VOHHSGHSULYDWLRQ 76'FDXVHV UDSLGDQWLGHSUHVVDQWHI
IHFWVLQSDWLHQWVDIIHFWHGE\DPDMRUGHSUHVVLYHHSLVRGH3(7VWXGLHVVKRZHG
WKDWUHFRYHU\IURPGHSUHVVLRQLVSDUDOOHOHGE\DUHGXFWLRQLQVXEJHQXDOFLQ
JXODWHDQGDQLQFUHDVHLQULJKWSUHIURQWDOFRUWH[&%)0D\EHUJZLWK
UHVSRQGHUVWR76'VKRZLQJKLJKHUPHWDEROLVPLQYHQWUDODQWHULRUFLQJXODWH
DWEDVHOLQHDQGJUHDWHUGHFUHDVHVDIWHUWUHDWPHQW:X
+\SRWKHVHV
7KHFRJQLWLYHDFWLYDWLRQOLQNHGWRPRUDOWKLQNLQJUHVXOWVLQWKHDFWLYDWLRQ
RIWKHDERYHGHVFULEHG52,V
$QWLGHSUHVVDQW76'FKDQJHVLW
0HWKRGV*UDGLHQW HFKR HFKRSODQDU LPDJLQJ DW 7HVOD 75VZDV
XVHGWRVWXG\ELSRODUGHSUHVVHGLQSDWLHQWVEHIRUHDQGDIWHUWUHDWPHQWZLWK
UHSHDWHG76'
7KH FRJQLWLYH DFWLYDWLRQ SDUDGLJP FRQVLVWHG RI D JRQRJR WDVN :RUGV
ZLWK D SRVLWLYH RU QHJDWLYHPRUDO YDOXH HJ EUDYHYLOH ZHUH UDQGRPO\
SUHVHQWHGLQIRXUVHVVLRQV3DWLHQWVHLWKHUUHVSRQGHGWRSRVLWLYHWDUJHWVDQG
LJQRUHGQHJDWLYHGLVWUDFWRUVRUWKHRSSRVLWH
8VLQJ630$129$ZLWKZIXSLFNDWODVWRROER[ZHPRGHOOHGWZRDVSHFWV
RIEUDLQDFWLYDWLRQDWHDFKYR[HOFRQWUDVWEHWZHHQUHVSRQVHWRSRVLWLYH
RUQHJDWLYHVWLPXOLDQGUHVWLQJFRQGLWLRQFRQWUDVWEHWZHHQUHVSRQVHWR
SRVLWLYHDQGWRQHJDWLYHVWLPXOL
7KLVODWWHUFRQWUDVWVKRXOGHOLFLWDWHWKHQHXUDOFRUUHODWHRIWKHSURFHVVLQJRI
PRUDOO\WXQHGLQIRUPDWLRQV
5HVXOWV%DVHOLQHPD[LPDO%2/'VLJLQL¿FDQWVLJQDOFKDQJHVZLWKWKHSRVL
WLYHQHJDWLYHFRQWUDVWZHUHREVHUYHGLQWZRFOXVWHUVOHIWDQWHULRUFLQJXODWH
DQGELODWHUDOSRVWHULRUFLQJXODWHG)LJ
$IWHU WUHDWPHQW PD[LPDO VLJQL¿FDQW FKDQJHV LQ %2/' VLJQDO ZLWK WKH
SRVLWLYHQHJDWLYHFRQWUDVWZHUHREVHUYHGLQDFOXVWHUORFDWHGLQGRUVRODWHUDO
SUHIURQWDO FRUWH[ ELODWHUDOO\$QWHULRU FLQJXODWH DFWLYDWLRQ SHUVLVWHGZKLOH
QRVLJQL¿FDQWDFWLYDWLRQZDVGHWHFWHGLQSRVWHULRUFLQJXODWH$IWHUWUHDWPHQW
DVLJQL¿FDQWFOXVWHURIDFWLYDWLRQDSSHDUHGZLWKLQLQVXODDVZHOO)LJ
&RQFOXVLRQV%2/'VLJQDOFKDQJHV OLQNHGZLWK WKHSURFHVVLQJRIPRUDOO\
WXQHGVWLPXOLZHUHREVHUYHGLQWKHH[SHFWHG52,V7KHVDPHVWLPXOLDFWLYDW
HGGLIIHUHQWQHXUDOQHWZRUNVDWEDVHOLQHDQGDIWHUWUHDWPHQW5HFRYHU\IURP
ELSRODUGHSUHVVLRQZDVSDUDOOHOHGE\DGHFUHDVHLQWKHUROHRIFLQJXODWHLQWKH
SURFHVVLQJRIPRUDOO\WXQHGVWLPXOLDQGDQLQFUHDVHLQWKHUROHRI'/3)&
5HIHUHQFHV
0D\EHUJ+6HWDO$P-3V\FKLDWU\
:X-&HWDO1HXURSV\FKRSKDUPDFRORJ\6XSSO6
)LJXUH35(76'
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\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3RVWHU6HVVLRQ1R
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+RUPRQDO5HVSRQVLYHQHVVWR6RFLDO6WUHVVLQ0DMRU'HSUHVVLRQ
-RDFKLP&RUGHV
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\+HLQULFK+HLQH
8QLYHUVLW\'VVHOGRUI*HUPDQ\
&:HUQHU8+HQQLQJ0-lQQHU$.OLPNH
2EMHFWLYHV ,Q SDWLHQWV ZLWK PDMRU GHSUHVVLRQ DEQRUPDOLWLHV LQ EDVHOLQH
FRUWLVRO VHFUHWLRQDQG UHVLVWDQFH WRQHJDWLYH IHHGEDFNDUHZHOOHVWDEOLVKHG
+RZHYHULWLVXQFOHDULISDWLHQWVZLWKPDMRUGHSUHVVLRQKDYHDOWHUDWLRQV
LQ WKH K\SRWKDODPLF SLWXLWDU\DGUHQDO UHVSRQVH WR SV\FKRORJLFDO VWUHVVRUV
6WXGLHVKDYHGRFXPHQWHGWKHUROHRIVWUHVVIXOOLIHHYHQWVLQWKHSUHFLSLWDWLRQ
RIGHSUHVVLYHHSLVRGHV,QWKLVFDVHDQRUPDOUHVSRQVLYHQHVVWRVRFLDOVWUHVV
FRXOGLQGLFDWHDJRRGSURJQRVLV
0HWKRGV7KH7667 LV D SURFHGXUHZKLFKZDV GHYHORSHG DW WKH8QLYHU
VLW\RI7ULHUIRULQGXFWLRQRIPRGHUDWHSV\FKRVRFLDOVWUHVVXQGHUODERUDWRU\
FRQGLWLRQVZLWKVSHFLDOHPSKDVLVRQFKDQJHVLQ+3$DFWLYLW\,QQXPHURXV
VWXGLHVLQ7ULHUDQGRWKHUODERUDWRULHVWKH7667KDVSURYHQWRLQGXFHVLJ
QL¿FDQW FKDQJHV LQFDUGLRYDVFXODUSDUDPHWHUVGLIIHUHQW HQGRFULQHD[HVDV
ZHOODVVXEMHFWLYHVWUHVVUDWLQJV7KH7667ZDVDGPLQLVWHUHGWRSDWLHQWV
ZLWKPDMRUGHSUHVVLRQDIWHUUHPLVVLRQ7KHORQJWHUPRXWFRPHZLOOEHLQYHV
WLJDWHGZLWKLQWKHVFRSHRIDIROORZXSSHULRGRIIRXU\HDUV7KHFRXUVHRI
LOOQHVVDQGWUHDWPHQWZDVZHOOGRFXPHQWHGSV\FKRSDWKRORJ\DWEHJLQQLQJ
GXULQJDQGDWWKHHQGRILQSDWLHQWWUHDWPHQWIROORZXSH[DPLQDWLRQVSKDU
PDFRWKHUDS\ DQG QRQ SKDUPDFRORJLFDO WUHDWPHQW VLGH HIIHFWV 'HOWDPD[
DVGLIIHUHQFHEHWZHHQWKHEDVHOLQHFRUWLVROOHYHODQGWKHPD[LPXPFRUWLVRO
OHYHOZDVFDOFXODWHG
5HVXOWV 7KH SUHOLPLQDU\ UHVXOWV RI RXU VWXG\ Q    VXJJHVW WKDW QRQ
UHPLWWHGGHSUHVVHGSDWLHQWVQ KDPGVFRUHVKRZGLIIHUHQWUHDFWLRQV
WRDVRFLDOVWUHVVRUFRPSDUHGWRUHPLWWHGSDWLHQWVQ KDPGVFRUH
1RQUHPLWWHG GHSUHVVLYH SDWLHQWV VKRZ D K\SRUHVSRQVLYHQHVV 'HOWDPD[
 WR D VRFLDO VWUHVVRU FRPSDUHG WR UHPLWWHG SDWLHQWV 'HOWDPD[
±DOWKRXJKQRWUHDFKLQJWKHOHYHORIVLJQL¿FDQFH
&RQFOXVLRQV+\SRUHVSRQVLYHQHVVWRDVRFLDOVWUHVVRUFRXOGEHDIHDWXUHIRU
WUHDWPHQWQRQUHVSRQVHLQPDMRUGHSUHVVLRQ)XUWKHUH[SHULPHQWVDUHQHFHV
VDU\UHJDUGLQJK\SRUHVSRQVLYHQHVVDQGWUHDWPHQWSDUDPHWHUV
5HIHUHQFHV
(OLVDEHWK$<RXQJHWDO+RUPRQDOHYLGHQFHIRUDOWHUHGUHVSRQVLYH
QHVV WR VRFLDO VWUHVV LQ PDMRU GHSUHVVLRQ 1HXURSV\FKRSKDUPDFRORJ\ 

.LUVFKEDXP&3LUNH.0+HOOKDPPHU'+7KH³7ULHU6RFLDO6WUHVV
7HVW´±DWRROIRULQYHVWLJDWLQJSV\FKRELRORJLFDOVWUHVVUHVSRQVHVLQDODERUD
WRU\VHWWLQJ1HXURSV\FKRELRORJ\
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5HPLVVLRQRI'HSUHVVLRQDIWHU7UHDWPHQW)DLOXUH
&DUPHQ*DUFtD&DOYR
0HGLFDO'HSDUWPHQW:\HWK)DUPD6SDLQ
&DUPHQ/HDO&HUFRV-RVH*LQHU8EDJR-XOLR9DOOHMR5XLORED
(QULTXH%DFD%DOGRPHUR5LWD3ULHWR/ySH]
2EMHFWLYHV,QWKH:RUOG+HDOWK2UJDQL]DWLRQLGHQWL¿HGXQLSRODUGH
SUHVVLRQDVWKHIRXUWKOHDGLQJFDXVHRIGLVDELOLW\ZRUOGZLGHSURMHFWLQJWKDW
LWZLOOWUDLORQO\LVFKHPLFKHDUWGLVHDVHE\WKH\HDU,QWKLVVWXG\ZH
ZLOODVVHVVDQGFRPSDUHWKHHI¿FDF\RIWUHDWPHQWZLWKYHQODID[LQHH[WHQGHG
UHOHDVH 9;5 DQGRWKHU DOWHUQDWLYH FRQYHQWLRQDO DQWLGHSUHVVDQWV &$ LQ
SDWLHQWVZKRKDGIDLOHGSUHYLRXVWUHDWPHQW
0HWKRGV0XOWLFHQWHURSHQODEHOQDWXUDOLVWLFVWXG\RQGHSUHVVLYHSDWLHQWV
ZLWKWKHUDSHXWLFIDLOXUHRUODFNRIWROHUDQFHDIWHUDWOHDVWZHHNVUHFHLYLQJ
&$DQGD+$0'VFRUH3DWLHQWVZHUHUDQGRPLVHGWRPRQWKVWUHDW
PHQWZLWK9;5RUDQRWKHUDOWHUQDWLYH&$5HPLVVLRQDVVWXG\HQGSRLQW
ZDVGH¿QHGDVD+$0'VFRUH7KLVVWXG\ZDVFRQGXFWHGE\SV\
FKLDWULVWVLQSV\FKLDWULFRXWSDWLHQWVSHFLDOW\VHWWLQJVLQ6SDLQGXULQJ
5HVXOWV$ WRWDO RI  DGXOW SDWLHQWVZHUH LQFOXGHG$QDO\VLVZDV SHU
IRUPHGRQWKHLQWHQWLRQWRWUHDWSRSXODWLRQSDWLHQWV9;5DQG
SDWLHQWV&$7KH¿YH&$PRVWIUHTXHQWO\XVHGLQWKHVWXG\ZHUHSDUR[HWLQH
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 FLWDORSUDP  VHUWUDOLQH  ÀXR[HWLQH  DQG
PLUWD]DSLQH  $IWHU  ZHHNV RI WUHDWPHQW WKH 9;5 JURXS GHP
RQVWUDWHGD VLJQL¿FDQWO\KLJKHU UHPLVVLRQ UDWH WKDQ WKH&$JURXS 
9;5 &$ S  7KH UDWH RI UHPLVVLRQ RI ZDV
VLJQL¿FDQWO\KLJKHUWRWKHRQHDFKLHYHGE\SDUR[HWLQHFLWDORSUDP
 VHUWUDOLQH  ÀXR[HWLQH  DQG PLUWD]DSLQH 
LQGLYLGXDOO\$WRWDORIDGYHUVHHYHQWVZHUHUHFRUGHGIRUSDWLHQWV
LQWKH9;5JURXSDQGLQWKH&$JURXS
&RQFOXVLRQV5HVXOWV VXJJHVW WKDW LQ D PRQWK VWXG\ SHULRG YHQODID[LQH
H[WHQGHGUHOHDVHPD\EHPRUHHIIHFWLYHLQWKHWUHDWPHQWRIGHSUHVVLRQWKDQ
FRQYHQWLRQDO DQWLGHSUHVVDQWV VWXGLHG PDLQO\ VHOHFWLYH VHURWRQLQ UHXSWDNH
LQKLELWRUV665,VLQSDWLHQWVZKRKDYHIDLOHGDSUHYLRXV&$WUHDWPHQW
5HIHUHQFHV
7KDVH0( 5HPLVVLRQ UDWHVGXULQJ WUHDWPHQWZLWKYHQODID[LQHRU
VHOHFWLYHVHURWRQLQUHXSWDNHLQKLELWRUV%U-3V\FKLDWU\
(LQDUVRQ75$ULNLDQ65&DVLDQR-'R\OH--&RPSDULVRQRI
H[WHQGHGUHOHDVH YHQODID[LQH VHOHFWLYH VHURWRQLQ UHXSWDNH LQKLELWRUV DQG
WULF\FOLFDQWLGHSUHVVDQWVLQWKHWUHDWPHQWRIGHSUHVVLRQDPHWDDQDO\VLVRI
UDQGRPL]HGFRQWUROOHGWULDOV&OLQ7KHU
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'XUDWLRQRI,OOQHVV$IIHFWV9HQWULFXODU6L]HLQ0DMRU
'HSUHVVLRQ
1REX\RVKL+DPDLFKL
'HSDUWPHQWRI3V\FKLDWU\7HLN\R8QLYHUVLW\6FKRRORI0HGLFLQH
7RN\R-DSDQ
+DWD7$NDKDQH$1DQNR6
2EMHFWLYHV,Q-DFRE\HWDOIRXQGYHQWULFXODUHQODUJHPHQWLQSDWLHQWV
ZLWKDIIHFWLYHGLVRUGHUE\FRPSXWHUL]HGWRPRJUDSK\&7VWXG\+RZHYHU
WKH¿QGLQJV IRUXQLSRODUGHSUHVVLRQKDYHEHHQ LQFRQVLVWHQW DFURVV VWXGLHV
%H\HUDQG.ULVKQDQ7KLVLQFRQVLVWHQF\PD\EHDWWULEXWHGWRWKHYDUL
RXVLQDGHTXDWHO\UHJXODWHGFOLQLFDOIDFWRUVWKDWDUHDIIHFWLQJWKHYHQWULFXODU
YROXPHVRIWKHSDWLHQWVZLWKPRRGGLVRUGHU:HH[DPLQHGWKHSRVVLEOHIDF
WRUVDIIHFWLQJYHQWULFXODUHQODUJHPHQWRIGHSUHVVLRQ
0HWKRGV7KHODWHUDOYHQWULFXODUYROXPHVRIGHSUHVVHGVXEMHFWVZKRGLG
QRW UHFHLYH HOHFWURFRQYXOVLYH WKHUDS\ (&7ZHUHPHDVXUHG E\PDJQHWLF
UHVRQDQFHLPDJLQJ05,7KHDVVRFLDWLRQVRIWKHYHQWULFXODUHQODUJHPHQW
ZLWKIROORZLQJFOLQLFDOIDFWRUVZHUHH[DPLQHGWKHDJHRIRQVHWWKH
GXUDWLRQRILOOQHVVWKHQXPEHURIWKHSKDVHWKHSUHVHQFHRIJHQHWLF
IDFWRUVWKHSUHVHQFHRIGHOXVLRQWKHSUHVHQFHRIPHODQFKRO\WKH
SUHVHQFHRIDOFRKROLVPVXLFLGDODWWHPSW7KUHHGLPHQVLRQDO05,LPDJHV
ZHUHREWDLQHGE\7*(05V\VWHP6WUXFWXUDOYROXPHVZHUHPHDVXUHG
E\WKH&DYDOLHULµVPHWKRGXVLQJWKHÄ0HDVXUH³VRIWZDUH/DWHUDOYHQWULFOH
WREUDLQUDWLR9%5ZDVFDOFXODWHG
5HVXOWV (DFKPXOWLSOH OLQHDU UHJUHVVLRQ DQDO\VLV FRQWUROOLQJ IRU VH[ DQG
DJHUHYHDOHGWKDW9%5ZDVVWURQJO\FRUUHODWHGZLWKDJH3DQGWKH
GXUDWLRQRIGHSUHVVLRQ3 EXWQRWFRUUHODWHGZLWKWKHRWKHUIDFWRUV
&RQFOXVLRQV$QDVVRFLDWLRQEHWZHHQ WKHGXUDWLRQRI LOOQHVVDQG WKHYHQ
WULFXODUYROXPHZDVQRWHGVXJJHVWLQJLWVSRWHQWLDOLQYROYHPHQWLQYHQWULFX
ODUHQODUJHPHQW
5HIHUHQFHV
-DFRE\5-/HY\5&RPSXWHGWRPRJUDSK\LQWKHHOGHUO\$IIHFWLYHGLVRU
GHU%U-3V\FKLDWU\
%H\HU-/.ULVKQDQ.559ROXPHWULFEUDLQLPDJLQJ¿QGLQJVLQPRRGGLVRU
GHUV%LSRODU'LVRUGHUV
32
1RUDGUHQDOLQH6WRULQJ%RGLHVRI+XPDQ/RFXV&RHUXOHXVLQ
'HSUHVVLRQ
0DULHWWD5,VVLGRULGHV
'HSDUWPHQWRI3V\FKLDWU\0HGLFDO6FKRRO8QLYHUVLW\RI$WKHQV
(JLQLWLRQ+RVSLWDO$WKHQV*UHHFHDQG1HXURELRORJ\5HVHDUFK
,QVWLWXWH7KHRGRU7KHRKDUL&R]]LND)RXQGDWLRQ$WKHQV*UHHFH
6RSKLD+DYDNL0DUJDULWD&KU\VDQWKRX3LWHURX
2EMHFWLYHV2XU KLVWRFKHPLFDO DQG XOWUDVWUXFWXUDO VWXGLHV KDYH LGHQWL¿HG
LQ KXPDQ FDWHFKRODPLQH QHXURQV DEXQGDQW DQG ODUJH VSKHULFDO SURWHLQ
ERGLHV3%FRQWDLQLQJDUJLQLQHULFKSURWHLQVZKLFKRULJLQDWHDVVSKHULFDO
GHQVHFRUHVLQPLWRFKRQGULD,VVLGRULGHVHWDO7KLVVSHFLHVVSHFL¿F
SKHQRW\SHLQWKHQHXURQVRIPDQUHSUHVHQWLQJSUREDEO\DQHYROXWLRQDU\DG
DSWDWLRQRIDPLQHVWRULQJRUJDQHOOHVLVKLJKO\LQWULJXLQJ,VVLGRULGHVHWDO
7KHODWWHUVWXG\VKRZHGWKDW3%FRQWDLQGRSDPLQHEHWDK\GUR[\ODVH
'%+ZKLFKLVDKDOOPDUNRIQRUDGUHQDOLQH1$LGHQWLW\DQGLVORFDOL]HG
LQGHQVHFRUHYHVLFOHVRI1$QHXURQVLQRWKHUVSHFLHV6LQFHLQWKHHOHFWURQ
PLFURVFRSH3%DUHGLVUXSWHGLQORFXVFRHUXOHXV/&QHXURQVLQGHSUHVVHG
LQGLYLGXDOV ,VVLGRULGHV  ZKHUH 1$ LV ELRFKHPLFDOO\ NQRZQ WR EH
UHGXFHG WKLV FRLQFLGHQFH RI XOWUDVWUXFWXUH DQG QHXURFKHPLVWU\ UDLVHG WKH
TXHVWLRQRIWKHLULQWHJULW\LQGHSUHVVLRQ
0HWKRGV:HVHOHFWHGSRVWPRUWHPWLVVXHVRI/&IURPFDVHVRIGHSUHVVLRQ
DQGQRUPDOFRQWUROVIRUWKHVWXG\RI'%+ORFDOL]DWLRQZLWKWKHLPPXQR
JROGPHWKRG:HDOVR VHOHFWHGSRVWPRUWHP WLVVXHVRI/& IURP VXLFLGHV
DQGQRUPDOFRQWUROVIRUWKHVWXG\RIPHPEUDQHXOWUDVWUXFWXUHRI3%DQG
PLWRFKRQGULD ZLWK WKH SRWDVVLXP SHUPDQJDQDWH .0Q2XUDQ\O QLWUDWH
PHWKRG
5HVXOWV'%+ LPPXQRJROG ODEHOLQJZDV ORFDOL]HG LQ WKH FRUH DQG LQ WKH
GRXEOHPHPEUDQHV VXUURXQGLQJ WKH3%RI FRQWUROV:KLOH'%+ LPPXQR
JROG ODEHOLQJZDVDOVRSUHVHQW LQ WKH3%RI WKHGHSUHVVHG LQGLYLGXDOV WKH
GRXEOHPHPEUDQHV VXUURXQGLQJ WKHVH VWUXFWXUHVZHUH YDULRXVO\ GLVUXSWHG
7KLV PHPEUDQH GLVUXSWLRQ RI WKH 3% LQ WKH VXLFLGHV ZDV FRQ¿UPHG DQG
HPSKDVL]HG E\ WKH XOWUDVWUXFWXUDO ¿QGLQJV IURP WKH DSSOLFDWLRQ RI WKH
.0Q2PHWKRGZKLFKVKRZHGEOHEVEUHDNVDQGÀXLGL]DWLRQVRIWKHRXWHU
PHPEUDQHV
&RQFOXVLRQV7KHSUHVHQFHRI'%+LQ3%LQGLFDWHVWKDWWKHVHERGLHVDUHWKH
XQHTXLYRFDO1$V\QWKHVLVDQGVWRUDJHVLWHVLQERWKFRQWUROVDQGGHSUHVVHG
VXEMHFWV7KH¿QGLQJV WKDW LQGHSUHVVLRQ WKHGRXEOHPHPEUDQHVRI3%DUH
GLVUXSWHG ZKLOH '%+ SHUVLVWV ±LQGLFDWLQJ LQWDFW 1$ V\QWKHVLV VXJJHVW
WKDW WKHUHLV OHDNDJHDQGORVVRI WKHQHXURWUDQVPLWWHUIURPLWVVWRUDJHVLWH
FRUURERUDWLQJ WKH ELRFKHPLFDO ¿QGLQJV RI UHGXFHG OHYHO RI1$ LQ WKH/&
QHXURQVLQGHSUHVVLRQ
5HIHUHQFHV
,VVLGRULGHV05 .ULKR9 3DSSDV *'  7KH ¿QH VWUXFWXUH RI ODUJH
GHQVHFRUH RUJDQHOOHV LQ KXPDQ ORFXV FRHUXOHXV QHXURQV1HXURO 5HV 

,VVLGRULGHV05+DYDNL 6$UYDQLWLV'/&KU\VDQWKRX3LWHURX0 
1RUDGUHQDOLQH VWRUDJH IXQFWLRQ RI VSHFLHVVSHFL¿F SURWHLQ ERGLHV PDUN
HUV RI PRQRDPLQH QHXURQV LQ KXPDQ ORFXV FRHUXOHXV GHPRQVWUDWHG E\
GRSDPLQHȕK\GUR[\ODVHLPPXQRJROGORFDOL]DWLRQ3URJ1HXURSV\FKRSKDU
PDFRO%LRO3V\FKLDWU\
,VVLGRULGHV05&HOOXODUIDFWRUVLQPDQLFGHSUHVVLYHLOOQHVV%ORRG
DQGEUDLQ,Q6WHIDQLV&1(G5HFHQW$GYDQFHVLQ'HSUHVVLRQ3HUJDPRQ
3UHVV/RQGRQSS
32
5HGXFHG$QWHULRU+LSSRFDPSDO1DFHW\ODVSDUWDWHLQ0DMRU
'HSUHVVLRQ
$QJHOD-DNDU\
3V\FKLDWU\6HUYLFHDQG0DJQHWLF5HVRQDQFH8QLW6DQ)UDQFLVFR
9HWHUDQV$IIDLUV0HGLFDO&HQWHUDQGWKH'HSDUWPHQWVRI3V\FKLD
WU\DQG5DGLRORJ\8QLYHUVLW\RI&DOLIRUQLD6DQ)UDQFLVFR86$
0DU\3HJXHV'DULD3DVFD5D\PRQG'HLFNHQ
%DFNJURXQG0DJQHWLFUHVRQDQFHLPDJLQJ05,YROXPHWULFDQGSRVWPRU
WHP VWXGLHV VXJJHVW KLSSRFDPSDO LQYROYHPHQW LQ WKH SDWKRSK\VLRORJ\ RI
PDMRUGHSUHVVLRQ'H¿FLWVLQWKLVVWUHVVVHQVLWLYHVWUXFWXUHKDYHEHHQ
OLQNHGWRERWKWKHFRJQLWLYHDQGHPRWLRQDOFRUUHODWHVRI WKHGLVRUGHU3DWK
PRGHOLQJ VWXGLHV XVLQJ SRVLWURQ HPLVVLRQ WRPRJUDSK\ 3(7 GDWD IXUWKHU
LPSOLFDWH WKH KLSSRFDPSXV LQ WKH DOWHUHG QHXUDO FLUFXLWU\ RI GHSUHVVLRQ
 +RZHYHU IHZ VWXGLHV KDYH H[DPLQHG WKH UHJLRQDO VSHFL¿FLW\ RI KLS
SRFDPSDO DEQRUPDOLWLHV LQPDMRU GHSUHVVLRQ ZKLFK LV LPSRUWDQW EHFDXVH
WKH KLSSRFDPSXV KDV GLIIHUHQW QHXURDQDWRPLFDO SURMHFWLRQV DQG FHOOXODU
RUJDQL]DWLRQDORQJLWVORQJLWXGLQDOD[LV
0HWKRGV :H WKHUHIRUH XVHG SURWRQ PDJQHWLF UHVRQDQFH VSHFWURVFRSLF
LPDJLQJ +056, WR PHDVXUH 1DFHW\ODVSDUWDWH 1$$ DQ LQGLFDWRU RI
QHXURQDOLQWHJULW\LQWKHDQWHULRUKLSSRFDPSXVLQHXWK\PLFPHGLFDWHG
ZRPHQZLWKIDPLOLDOPDMRUGHSUHVVLRQDQGKHDOWK\IHPDOHFRQWUROV
5HVXOWV7KHGHSUHVVHGVXEMHFWVKDGVLJQL¿FDQWO\UHGXFHG1$$LQ WKH OHIW
DQWHULRUKLSSRFDPSXVFRPSDUHG WRFRQWUROV S 05,056,FRUHJLV
WUDWLRQWHFKQLTXHVYHUL¿HGWKDWWKLVUHVXOWZDVQRWDQDUWLIDFWRIWLVVXHW\SHRU
&6)YDULDWLRQVZLWKLQWKHPOVSHFWURVFRSLFYR[HOV
!&&%#4)6%¬$)3/2$%23¬5.)0/,!2	¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
&RQFOXVLRQV 2XU ¿QGLQJ RI UHGXFHG 1$$ LQ WKH DQWHULRU KLSSRFDPSXV
PD\ UHÀHFW GHFUHDVHG LQWHUQHXURQDO QHXURSLO RU QHXURQDO PLWRFKRQGULDO
G\VIXQFWLRQDQGLVFRQVLVWHQWZLWKHYLGHQFHRIORZHUPHWDEROLVPLQWKHOHIW
KLSSRFDPSXV LQPDMRU GHSUHVVLRQ $OWHUDWLRQV LQ EUDLQGHULYHG QHXUR
WURSKLFIDFWRU%'1)²SHUKDSVVHFRQGDU\WRVWUHVVLQGXFHGJOXFRFRUWLFRLG
HOHYDWLRQVVHH²KDYHDOVREHHQOLQNHGWRUHGXFHGKLSSRFDPSDO1$$
*LYHQWKHLQYROYHPHQWRIWKHOHIWDQWHULRUKLSSRFDPSXVLQYHUEDOPHPRU\
SHUIRUPDQFHLWLVSRVVLEOHWKDWUHGXFHG1$$LQWKLVUHJLRQSOD\VDUROH
LQ WKH YHUEDOPHPRU\ LPSDLUPHQW DVVRFLDWHGZLWKPDMRU GHSUHVVLRQ HYHQ
GXULQJHXWK\PLD
5HIHUHQFHV
6KHOLQH<,*DGR0.UDHPHU+&8QWUHDWHGGHSUHVVLRQDQGKLSSRFDPSDO
YROXPHORVV$P-3V\FKLDWU\
 6WRFNPHLHU &$ 0DKDMDQ *- .RQLFN /& 2YHUKROVHU -& -XUMXV *-
0HOW]HU+<8\OLQJV+%)ULHGPDQ/5DMNRZVND*&HOOXODUFKDQJHV LQ
WKH SRVWPRUWHP KLSSRFDPSXV LQPDMRU GHSUHVVLRQ %LRO 3V\FKLDWU\ 

6HPLQRZLF]'$0D\EHUJ+60F,QWRVK$5*ROGDSSOH..HQQHG\6
6HJDO=5D¿7DUL 6/LPELFIURQWDO FLUFXLWU\ LQPDMRU GHSUHVVLRQ D SDWK
PRGHOLQJPHWDQDO\VLV1HXUR,PDJH
 6D[HQD 6 %URG\$/ +R0/$OERU]LDQ 6 +R0. 0DLGPHQW .0
+XDQJ6&:X+0$X6&%D[WHU/5-U&HUHEUDOPHWDEROLVP LQPDMRU
GHSUHVVLRQ DQG REVHVVLYHFRPSXOVLYH GLVRUGHU RFFXUULQJ VHSDUDWHO\ DQG
FRQFXUUHQWO\%LRO3V\FKLDWU\
&DPSEHOO60DFTXHHQ*7KHUROHRIWKHKLSSRFDPSXVLQWKHSDWKRSK\VL
RORJ\RIPDMRUGHSUHVVLRQ-3V\FKLDWU\1HXURVFL
 (JDQ0).RMLPD0&DOOLFRWW -+*ROGEHUJ7(.RODFKDQD%6%HU
WROLQR$=DLWVHY(*ROG%*ROGPDQ''HDQ0/X%:HLQEHUJHU'5
7KH %'1) 9DO0HW SRO\PRUSKLVP DIIHFWV DFWLYLW\GHSHQGHQW VHFUHWLRQ
RI%'1)DQGKXPDQPHPRU\DQGKLSSRFDPSDO IXQFWLRQ&HOO

+DFNHUW9+GHQ+HLMHU72XGNHUN0.RXGVWDDO3-+RIPDQ$%UHWHOHU
00+LSSRFDPSDOKHDGVL]HDVVRFLDWHGZLWKYHUEDOPHPRU\SHUIRUPDQFHLQ
QRQGHPHQWHGHOGHUO\1HXUR,PDJH
32
5HJLRQDO+LSSRFDPSDO9ROXPH$OWHUDWLRQVLQ)DPLOLDO0DMRU
'HSUHVVLRQ
$QJHOD-DNDU\
3V\FKLDWU\6HUYLFHDQG0DJQHWLF5HVRQDQFH8QLW6DQ)UDQFLVFR
9HWHUDQV$IIDLUV0HGLFDO&HQWHUDQGWKH'HSDUWPHQWVRI3V\FKLD
WU\DQG5DGLRORJ\8QLYHUVLW\RI&DOLIRUQLD6DQ)UDQFLVFR86$
1LFKRODV:HLJDQG0DU\33HJXHV5D\PRQG'HLFNHQ
2EMHFWLYHV 1HXURLPDJLQJ DQG SRVWPRUWHP VWXGLHV VXJJHVW WKDW DEQRU
PDOLWLHVLQWKHKLSSRFDPSXVPD\XQGHUOLHWKHV\PSWRPVRIUHFXUUHQWPDMRU
GHSUHVVLRQ+RZHYHUWKHUHVXOWVRIPDJQHWLFUHVRQDQFHLPDJLQJ05,YRO
XPHWULFVWXGLHVRIWKHKLSSRFDPSXVLQPDMRUGHSUHVVLRQKDYHEHHQLQFRQVLVW
HQWZLWKVRPHVWXGLHVUHSRUWLQJYROXPHUHGXFWLRQVDQGRWKHUVWXGLHV¿QGLQJ
QRFKDQJHLQKLSSRFDPSDOYROXPHLQPDMRUGHSUHVVLRQ:HSRVWXODWHGWKDW
UHJLRQVSHFL¿FYROXPHORVVPLJKWDFFRXQWIRUVRPHRIWKHVHLQFRQVLVWHQFLHV
DQGZHWKHUHIRUHGHYHORSHGVRIWZDUHWRH[DPLQHVXEUHJLRQDOKLSSRFDPSDO
YROXPHLQPDMRUGHSUHVVLRQ
0HWKRGV :H PHDVXUHG OHIW ULJKW WRWDO DQG VXEUHJLRQDO KLSSRFDPSDO
YROXPH LQ  HXWK\PLF IHPDOHV ZLWK IDPLOLDO PDMRU GHSUHVVLRQ DQG 
DJHPDWFKHGIHPDOHFRQWUROVDQGLQHXWK\PLFPDOHVZLWKIDPLOLDOPDMRU
GHSUHVVLRQ DQG  DJHPDWFKHGPDOH FRQWUROV XVLQJ05, 76LHPHQV
0DJQHWRP9,6,21V\VWHPPPVOLFHWKLFNQHVV$IWHUWKHKLSSRFDPSXV
ZDVPDQXDOO\RXWOLQHGRQ05LPDJHVLQKRXVHVRIWZDUHZDVXVHGWRGLYLGH
LWOHQJWKZLVHLQWR¿YHHTXDOVHFWLRQV
5HVXOWV7KHUHVXOWVIRUVXEUHJLRQDOKLSSRFDPSDOYROXPHVWDQGDUGGHYLD
WLRQDUHVKRZQLQWKHWDEOH
+LSSRFDPSDO
6XEUHJLRQ
0DOH0''
Q 
0DOH&RQWUROV
Q 
(IIHFW
6L]H
)HPDOH0''
Q 
)HPDOH&RQWUROV
Q 
(IIHFW
6L]H
/HIWVW)LIWK      
5LJKWVW)LIWK      
/HIWQG)LIWK      
5LJKWQG)LIWK      
/HIWUG)LIWK      
5LJKWUG)LIWK      
/HIWWK)LIWK      
5LJKWWK)LIWK      
/HIWWK)LIWK      
5LJKWWK)LIWK      
/HIW7RWDO+9      
5LJKW7RWDO+9      
&RQFOXVLRQV 7KLV SUHOLPLQDU\ VWXG\ XQGHUVFRUHV WKH LPSRUWDQFH RI
H[DPLQLQJ KLSSRFDPSDO VXEUHJLRQDO YROXPHV LQ PDMRU GHSUHVVLRQ 2XU
¿QGLQJVGHPRQVWUDWHVXEUHJLRQDOKLSSRFDPSDOYROXPHGLIIHUHQFHVEHWZHHQ
GLDJQRVWLFJURXSVDVZHOODVEHWZHHQJHQGHUV)XWXUHUHVHDUFKLVQHHGHGWR
LQYHVWLJDWHWKHFOLQLFDOFRUUHODWHVRIWKHVHKLSSRFDPSDOVXEUHJLRQDOYROXPH
DOWHUDWLRQV
32
+056,5HYHDOV,QFUHDVHG7KDODPLF1$$LQ)DPLOLDO0DMRU
'HSUHVVLRQ
$QJHOD-DNDU\
3V\FKLDWU\6HUYLFHDQG0DJQHWLF5HVRQDQFH8QLW6DQ)UDQFLVFR
9HWHUDQV$IIDLUV0HGLFDO&HQWHUDQGWKH'HSDUWPHQWVRI3V\FKLD
WU\DQG5DGLRORJ\8QLYHUVLW\RI&DOLIRUQLD6DQ)UDQFLVFR86$
5D\PRQG)'HLFNHQ'DULD3DVFD0DU\33HJXHV
2EMHFWLYHV'HVSLWHFRQVLGHUDEOHHYLGHQFHWKDWWKHDQWHULRUDQGPHGLRGRUVDO
WKDODPXVDUHLPSRUWDQWSDUWVRIWKHOLPELFV\VWHPWKHUHKDYHEHHQQRSURWRQ
PDJQHWLF UHVRQDQFHVSHFWURVFRSLF LPDJLQJ +056,RI WKHVH UHJLRQV LQ
PDMRUGHSUHVVLYHGLVRUGHU0''7KHUHIRUHWKHSULPDU\REMHFWLYHRIWKLV
VWXG\ZDVWRWHVWWKHK\SRWKHVLVWKDWERWK1DFHW\ODVSDUWDWH1$$DPDUNHU
RIQHXURQDOORVVRUPLWRFKRQGULDOG\VIXQFWLRQDQG&KROLQH&KRDQLQGLUHFW
UHÀHFWLRQRIFHOOXODUSKRVSKROLSLGPHPEUDQHWXUQRYHUZHUHDOWHUHGLQWKH
DQWHULRUDQGPHGLRGRUVDOWKDODPLFUHJLRQVLQ0''$VHFRQGREMHFWLYHZDV
WRGHWHUPLQHZKHWKHURUQRWWKHUHZDVDQDVVRFLDWLRQEHWZHHQWKHWKDODPLF
1$$PHDVXUHVDQGLOOQHVVGXUDWLRQ7RDYRLGWKHFRQIRXQGVRIJHQGHUDQG
FOLQLFDOVWDWHGHSHQGHQWFKDQJHVRQYROXPHWULFPHDVXUHVWKLVVWXG\H[DP
LQHGRQO\HXWK\PLFPDOHSDWLHQWVZLWKIDPLOLDO0''
0HWKRGV 7ZHOYHPDOH SDWLHQWVZLWK IDPLOLDO0'' DQG  DJHPDWFKHG
PDOH FRQWUROV ZHUH H[DPLQHG ZLWK PXOWLVOLFH + 056, RQ D 6LHPHQV
9,6,2105,056 V\VWHP 757( PV  [ PP )29
6SHFWUDOGDWDZDVVHOHFWHGIURPPOYR[HOVWRREWDLQWLVVXHYROXPHFRU
UHFWHG1$$DQG&KRPHDVXUHVLQDQWHULRUDQGPHGLRGRUVDOWKDODPLFUHJLRQV
ELODWHUDOO\
5HVXOWV5HODWLYH WR WKHFRQWUROJURXS WKHIDPLOLDO0''SDWLHQWVGHPRQ
VWUDWHGVLJQL¿FDQWO\KLJKHU1$$DQG&KRLQERWKWKHDQWHULRUDQGPHGLRGRU
VDOWKDODPLFUHJLRQVELODWHUDOO\7KHUHZHUHQRVLJQL¿FDQWJURXSRUODWHUDO
L]HGGLIIHUHQFHVIRU056,YR[HOWKDODPXV056,YR[HOH[WUDWKDODPLF
:0RU056,YR[HOH[WUDWKDODPLF*0,QWKHIDPLOLDO0''JURXSWKHUH
ZDVDVLJQL¿FDQWQHJDWLYHFRUUHODWLRQEHWZHHQULJKWDQWHULRUWKDODPLF1$$
DQG\HDUVRILOOQHVVU S DIWHUDGMXVWLQJIRUDJH7KHUHZHUH
QRVLJQL¿FDQWFRUUHODWLRQVEHWZHHQ WKHRWKHU WKDODPLF1$$PHDVXUHVDQG
\HDUVRILOOQHVV
&RQFOXVLRQV7KLVLVWKH¿UVW+056,VWXG\WRUHSRUWLQFUHDVHGWLVVXHYRO
XPHFRUUHFWHGWKDODPLF1$$DQG&KRPHDVXUHVLQIDPLOLDO0''7KH1$$
HOHYDWLRQSURYLGHVVXSSRUWIRULQFUHDVHGQHXURQDOQXPEHUDQGRUGHQVLW\LQ
WKHDQWHULRUDQGPHGLRGRUVDOWKDODPLFUHJLRQVLQPDOHSDWLHQWVZLWKIDPLOLDO
0''7KHVH¿QGLQJVDUHFRQVLVWHQWZLWKDUHFHQWQHXURSDWKRORJLFDOVWXG\
RI QHXURQ QXPEHU LQ WKH OLPELF WKDODPXV RI SDWLHQWV ZLWK PDMRU GHSUHV
VLRQZKLFK UHSRUWHG VLJQL¿FDQWO\PRUHQHXURQV LQ WKHPHGLRGRUVDO 
DQG DQWHURYHQWUDODQWHURPHGLDO  WKDODPXV YV FRQWUROV 7KH&KR
UHVRQDQFH LVGHULYHG IURPVHYHUDO FRPSRXQGVPRVWQRWDEO\JO\FHURSKRV
SKRU\OFKROLQHDQGSKRVSKRU\OFKROLQHZKLFKPDNHXSPRUHWKDQRIWKH
UHVRQDQFH,WLVNQRZQWRLQFUHDVHLQFRQGLWLRQVZKHUHWKHUHLVHOHYDWHGFHOO
PHPEUDQH SKRVSKROLSLG PHWDEROLVP VXFK DV RQJRLQJ P\HOLQ EUHDNGRZQ
DQGRUJOLDOFHOOSUROLIHUDWLRQ,QWKLVVWXG\¿QGLQJLQFUHDVHG1$$DQG&KR
ZRXOG EH FRQVLVWHQWZLWK RQJRLQJ H[SDQVLRQ RI WKH QHXURQDO DQGRU JOLDO
!&&%#4)6%¬$)3/2$%23¬5.)0/,!2	¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
FRPSDUWPHQWV8QIRUWXQDWHO\ZHZHUHQRWDEOHWRPHDVXUHP,ZKLFKVHUYHV
DV D JOLDO DVWURF\WHPDUNHU DQGZRXOGKDYHSURYLGHG DPHDVXUHRI JOLDO
FRPSDUWPHQWDOWHUDWLRQVLQIDPLOLDO0''
5HIHUHQFHV
<RXQJ.$+ROFRPE/$<D]GDQL8+LFNV3%*HUPDQ'&(OHYDWHG
1HXURQ1XPEHU LQ WKH/LPELF7KDODPXVLQ0DMRU'HSUHVVLRQ$P-3V\
FKLDWU\
32
+RPRF\VWHLQH)RODWHDQG9LWDPLQ%LQ'HSUHVVLRQ3$7+
7KURXJK/LIH
2UD/X[
6RXWK(DVWHUQ$UHD/DERUDWRU\6HUYLFHV6\GQH\$XVWUDOLD
3HUPLQGHU66DFKGHY5XWK$3DUVORZ&KULV6DORQLNDV
:HL:HQ'D\D1DLGRR+HOHQ&KULVWHQVHQ$QWKRQ\)-RUP
2EMHFWLYHV 3DWLHQWV ZLWK GHSUHVVLRQ KDYH EHHQ QRWHG WR KDYH D KLJK
SUHYDOHQFHRIIROLFDFLGDQGYLWDPLQ%GH¿FLHQF\$OSHUWHWDO2XU
REMHFWLYHZDVWRPHDVXUHKRPRF\VWHLQHIROLFDFLGYLWDPLQ%DQGDQWLR[L
GDQWFDSDFLW\OHYHOVLQDFRPPXQLW\VDPSOHRIPLGGOHDJHGLQGLYLGXDOVDQG
H[DPLQHYDULDEOHVVXFKDVSK\VLFDOKHDOWKEUDLQDWURSK\DQGZKLWHPDWWHU
K\SHULQWHQVLWLHVDVSRVVLEOHPHGLDWLQJYDULDEOHVLQDQ\DVVRFLDWLRQRIWKHVH
ZLWKGHSUHVVLRQ
0HWKRGV$ UDQGRPVXEVDPSOHRISHUVRQVDJHG IURPD ODUJHU
FRPPXQLW\ VDPSOH XQGHUZHQW SV\FKLDWULF DQG SK\VLFDO DVVHVVPHQWV DQG
EUDLQ05, VFDQV 6XEMHFWV ZHUH DVVHVVHG XVLQJ WKH 35,0(0' IRU V\Q
GURPDO GHSUHVVLRQ DQG VHYHULW\ RI GHSUHVVLYH V\PSWRPV%ORRGPHDVXUHV
LQFOXGHGVHUXPIROLFDFLGYLWDPLQ%KRPRF\VWHLQHDQGFUHDWLQLQHOHYHOV
DQGWRWDODQWLR[LGDQWFDSDFLW\05,VFDQVZHUHTXDQWL¿HGIRUEUDLQDWURSK\
VXEFRUWLFDODWURSK\DQGSHULYHQWULFXODUDQGGHHSZKLWHPDWWHUK\SHULQWHQ
VLW\RQ7ZHLJKWHGLPDJLQJ
5HVXOWV%HLQJLQWKHORZHVWTXDUWLOHRIKRPRF\VWHLQHZDVDVVRFLDWHGZLWK
IHZHUGHSUHVVLYHV\PSWRPVDIWHUDGMXVWLQJIRUVH[SK\VLFDOKHDOWKVPRN
LQJFUHDWLQLQHIROLFDFLGDQG%OHYHOV%HLQJLQWKHORZHVWTXDUWLOHRIIROLF
DFLGZDVDVVRFLDWHGZLWKLQFUHDVHGGHSUHVVLYHV\PSWRPVDIWHUDGMXVWLQJIRU
FRQIRXQGLQJIDFWRUVEXWDGMXVWPHQWIRUKRPRF\VWHLQHUHGXFHGWKHLQFLGHQFH
UDWHUDWLRIRUIROLFDFLGWRDPDUJLQDOOHYHO9LWDPLQ%OHYHOVGLGQRWKDYH
D VLJQL¿FDQW DVVRFLDWLRQ ZLWK GHSUHVVLYH V\PSWRPV :KLOH ZKLWH PDWWHU
K\SHULQWHQVLWLHV KDG VLJQL¿FDQW FRUUHODWLRQV ZLWK ERWK KRPRF\VWHLQH DQG
GHSUHVVLYHV\PSWRPVWKHEUDLQPHDVXUHVDQGWRWDODQWLR[LGDQWFDSDFLW\GLG
QRWHPHUJHDVVLJQL¿FDQWPHGLDWLQJYDULDEOHV
&RQFOXVLRQV/RZIROLFDFLGDQGKLJKKRPRF\VWHLQHEXWQRW ORZYLWDPLQ
% OHYHOVDUHSUHGLFWRUVRIGHSUHVVLYHV\PSWRPV LQFRPPXQLW\GZHOOLQJ
PLGGOHDJHG LQGLYLGXDOV 7KH HIIHFWV RI IROLF DFLG DQG KRPRF\VWHLQH DUH
RYHUODSSLQJ EXW GLVWLQFW )ROLF DFLG DQG KRPRF\VWHLQH DUH IXQFWLRQDOO\
UHODWHGDQGKRPRF\VWHLQHLVDOVRDULVNIDFWRUIRUDWKHURVFOHURVLVDQGVWURNH
%RXVKH\HWDODVZHOODVVPDOOYHVVHOGLVHDVH6DFKGHYHWDO
DQGPD\WKHUHE\LQFUHDVHWKHULVNRIYDVFXODUGHSUHVVLRQ
5HIHUHQFHV
$OSHUWHWDO1XWULWLRQDQGGHSUHVVLRQIRFXVRQIRODWH1XWULWLRQ

%RXVKH\HWDO$TXDQWLWDWLYHRISODVPDKRPRF\VWHLQHDVDULVNIDF
WRUIRUYDVFXODUGLVHDVHSUREDEOHEHQH¿WVRI LQFUHDVLQJIROLFDFLG LQWDNHV
-RXUQDORIWKH$PHULFDQ0HGLFDO$VVRFLDWLRQ
6DFKGHYHWDO+RPRF\VWHLQHDVDULVNIDFWRUIRUFRJQLWLYHLPSDLU
PHQW LQ VWURNH SDWLHQWV 'HPHQWLD DQG *HULDWULF &RJQLWLYH 'LVRUGHUV 

32
7K\URLG$[LV$FWLYLW\DQG6XLFLGDO%HKDYLRULQ'HSUHVVHG
3DWLHQWV
0DULH&ODXGH0RNUDQL
5HVHDUFK&HQWHUIRU$SSOLHG1HXURVFLHQFHLQ3V\FKLDWU\)25(
1$35RXIIDFK)UDQFH
)DEULFH'XYDO-RVp$QWRQLR0RQUHDO2UWL]6DLG)DWWDK
&KULVWLDQH&KDPSHYDO0DULH/DXUH6RXDQ-HDQ3DXO0DFKHU
%DFNJURXQG 7KH DLP RI WKLV VWXG\ ZDV WR LQYHVWLJDWH WKH UHODWLRQVKLS
EHWZHHQ VXLFLGDO EHKDYLRU DQG K\SRWKDODPLFSLWXLWDU\ WK\URLG +37 D[LV
DFWLYLW\LQGHSUHVVHGSDWLHQWV
0HWKRGV:H HYDOXDWHG WKH VHUXP OHYHOV RI 76+ IUHH WK\UR[LQH )7
DQG IUHH WULLRGRWK\URQLQH )7 EHIRUH DQG DIWHU $0 DQG  3075+
FKDOOHQJHVJ,9RQWKHVDPHGD\LQKHDOWK\KRVSLWDOL]HGFRQWUROV
DQGGUXJIUHH'60,9HXWK\URLGPDMRUGHSUHVVHGLQSDWLHQWVZLWKD
KLVWRU\RIVXLFLGHDWWHPSWV>6$@ZLWKRXW>16$@
5HVXOWV75+LQGXFHG76+UHVSRQVHVZHUHQRW VLJQL¿FDQWO\GLIIHUHQWEH
WZHHQ6$VDQGFRQWUROVEXWZHUHEOXQWHGLQ16$VDW$0SDW
30S2ZLQJWRGHFUHDVHG)7EDVDOOHYHOV6$VVKRZHGORZHU
)7)7UDWLRV WKDQFRQWUROV DW$0SDW30SDQG
16$VDW$0S DW30S
&RQFOXVLRQV 7KLV VWXG\ VXJJHVWV WKDW LQ 16$V K\SHUVHFUHWLRQ RI K\
SRWKDODPLF75+DVUHÀHFWHGE\WKHGHFUHDVHG75+UHFHSWRUIXQFWLRQPD\
UHSUHVHQWDFRPSHQVDWRU\PHFKDQLVPWRPDLQWDLQQRUPDOVHUXP7DQG7
FRQFHQWUDWLRQV ,Q 6$V WKLV PHFKDQLVP LV QRW HIIHFWLYH EXW WKH UHGXFHG
)7)7UDWLRVVXJJHVWHQKDQFHGFRQYHUVLRQRI7WR7WRPDLQWDLQQRUPDO
7FRQFHQWUDWLRQ
32
&ODVVLILFDWLRQRI'HSUHVVLYH3DWLHQWVDQG&RQWUROVXVLQJ311V
(UULNRV9HQWRXUDV
7HFKQRORJLFDO(GXFDWLRQDO,QVWLWXWLRQRI$WKHQV*UHHFH
,RDQQLV.DODW]LV&KDUDODERV3DSDJHRUJLRX1LNRODRV3LOLRXUDV
$QGUHDV5DEDYLODV&RQVWDQWLQ6ROGDWRV'LRQ\VLRV&DYRXUDV
2EMHFWLYHV7KHSXUSRVHRIWKLVZRUNZDVWRGHVLJQDFODVVL¿FDWLRQV\VWHP
EDVHGRQ3UREDELOLVWLF1HXUDO1HWZRUNV311V6SHFKWIRUGLVWLQ
JXLVKLQJ GHSUHVVLYH SDWLHQWV IURP QRUPDO FRQWUROV XWLOL]LQJ HYHQWUHODWHG
SRWHQWLDOV (53V 7KH V\VWHPZDV LPSOHPHQWHG RQ LQWUDFUDQLDO FXUUHQWV
FRPSXWHGE\ WKH%UDLQ(OHFWURPDJQHWLF7RPRJUDSK\PHWKRGXVLQJ$OJH
EUDLF5HFRQVWUXFWLRQ7HFKQLTXHV%(7$579HQWRXUDVHWDO
0HWKRGV 7ZHQW\¿YH SDWLHQWV ZLWK PDMRU GHSUHVVLYH GLVRUGHU DFFRUGLQJ
WKH '60,9 FULWHULD DQG DQ HTXDO QXPEHU RI JHQGHU DQG DJHGPDWFKHG
KHDOWK\ FRQWUROV ZHUH HYDOXDWHG E\ D FRPSXWHUL]HG YHUVLRQ RI WKH GLJLW
VSDQ:HFKVOHU WHVW 3DSDJHRUJLRXHWDO(53VZHUH UHFRUGHG IURP
VFDOSHOHFWURGHV)S)S))&&&&33223]
&] DQG)](53VZHUH LQYHUWHG WR LQWUDFUDQLDO FXUUHQW VRXUFHVXVLQJ WKH
%(7$57PHWKRGVRXUFHORFDWLRQVZHUHSRVLWLRQHGRQDVSKHULFDOVKHOO
FRUUHVSRQGLQJWRWKHRXWHUOD\HUVRIWKHFRUWH[$VHWRIIHDWXUHVUHODWHG
WRWKHVKDSHRIWKHLQWUDFUDQLDOFXUUHQWZDYHIRUPZHUHJHQHUDWHGXVLQJWKH
WLPHZLQGRZRIWRPVHFDIWHUWKHSUHVHQWDWLRQRIWKHHOLFLWLQJVWLPX
OXVWKHUHIRUHH[DPLQLQJWKHLQWUDFUDQLDODFWLYLW\FRUUHVSRQGLQJWRWKH3
(53 FRPSRQHQW 1H[W WKH FRPSXWHUEDVHG 311 FODVVL¿FDWLRQ WHFKQLTXH
ZDVXVHGEDVHGRQWKH%D\HV¶GHFLVLRQUXOHWRJHWKHUZLWKWKHXVHRI3DU]HQ
HVWLPDWRUVRIWKHSUREDELOLW\GLVWULEXWLRQIXQFWLRQRIWKHGDWD
5HVXOWV([KDXVWLYHVHDUFKZDVDSSOLHGLQHDFKLQWUDFUDQLDOFXUUHQWVRXUFH
SRVLWLRQ ZLWK DOO XSWRIRXU IHDWXUHV FRPELQDWLRQV 7KH OHDYHRQHRXW
PHWKRG ZDV HPSOR\HG IRU HYDOXDWLQJ WKH SHUIRUPDQFH RI WKH FODVVL¿FD
WLRQ V\VWHP DQG WKH EHVW UHVXOWV ZHUH REWDLQHG IRU DQ LQWUDFUDQLDO VRXUFH
SRVLWLRQ FRUUHVSRQGLQJ WR ULJKW SRVWHULRU QHXURDQDWRPLFDO GLYLVLRQ XVLQJ
WZR IHDWXUHV UHODWHG WR WKH DPSOLWXGH DQG VORSH RI WKH FXUUHQWZDYHIRUP
FRPSRQHQW 2YHUDOO DFFXUDF\ ZDV   RXW RI  VXEMHFWV FRUUHFWO\
FODVVL¿HG0RUH VSHFL¿FDOO\ VHQVLWLYLW\ZDV   GHSUHVVLYH SDWLHQWV
FRUUHFWO\ FODVVL¿HG VSHFL¿FLW\  SRVLWLYH SUHGLFWLYH YDOXH  DQG
QHJDWLYHSUHGLFWLYHYDOXH
&RQFOXVLRQV&ODVVL¿FDWLRQV\VWHPVEDVHGRQLQWUDFUDQLDOVRXUFHVPLJKWEH
PRUHUREXVWWKDQV\VWHPVXVLQJWKHVFDOSUHFRUGHGSDUDPHWHUV.DODW]LVHW
DOHQDEOLQJFODVVL¿FDWLRQHYHQZLWKRQHVRXUFHORFDWLRQDQGDSDUVL
PRQLRXVXVHRIZDYHIRUPIHDWXUHV)XUWKHUPRUHWKHVH¿QGLQJVVXJJHVWWKDW
DEQRUPDOLWLHVLQWKHIXQFWLRQDOFHUHEUDOODWHUDOLW\SRVVLEO\SDUWLFLSDWHLQWKH
SDWKRSK\VLRORJ\RIPDMRUGHSUHVVLYHGLVRUGHU
5HIHUHQFHV
.DODW]LV , 3LOLRXUDV 1 9HQWRXUDV ( 3DSDJHRUJLRX && 5DEDYLODV $'
&DYRXUDV''HVLJQDQGLPSOHPHQWDWLRQRIDQ690EDVHGFRPSXWHU
FODVVL¿FDWLRQ V\VWHP IRU GLVFULPLQDWLQJ GHSUHVVLYH SDWLHQWV IURP KHDOWK\
FRQWUROVXVLQJ WKH3FRPSRQHQWRI(53VLJQDOV&RPSXW0HWK3URJ
%LR
3DSDJHRUJLRX&9HQWRXUDV(/\NRXUDV/8]XQRJOX1&KULVWRGRXORX*1
3V\FKRSK\VLRORJLFDOHYLGHQFHIRUDOWHUHGLQIRUPDWLRQSURFHVVLQJLQ
'HOXVLRQDO 0LVLGHQWL¿FDWLRQ 6\QGURPHV 3URJ 1HXURSV\FKRSKDUPDFRO
%LRO3V\FKLDWU\
!&&%#4)6%¬$)3/2$%23¬5.)0/,!2	¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6SHFKW')3UREDELOVWLF1HXUDO1HWZRUNV1HXUDO1HWZRUNV

9HQWRXUDV(3DSDJHRUJLRX&5DEDYLODV$8]XQRJOX16WHIDQLV&
%UDLQ HOHFWULFDO WRPRJUDSK\ XVLQJ$OJHEUDLF 5HFRQVWUXFWLRQ 7HFKQLTXHV
%LRWHFKQRO%LRWHFKQRO(T
$FNQRZOHGJHPHQW7KHSUHVHQWUHVHDUFKZDVFDUULHGIRUWKHSURMHFW³'H
YHORSPHQWRIDQ(YRNHG3RWHQWLDOVDQG,QWUDFUDQLDO&XUUHQW&ODVVL¿FDWLRQ
6\VWHP XVLQJ 6XSSRUW 9HFWRU 0DFKLQHV 690 DQG 3UREDELOLVWLF 1HXUDO
1HWZRUNV 311´ FRIXQGHG E\  IURP WKH(XURSHDQ8QLRQ DQG 
IURP WKH *UHHN *RYHUQPHQW XQGHU WKH IUDPHZRUN RI WKH (GXFDWLRQ DQG
,QLWLDO9RFDWLRQDO7UDLQLQJ3URJUDP±$UFKLPHGHV
32
3UHODWHG,QIRUPDWLRQ3URFHVVLQJLQ'HSUHVVLYH3DWLHQWV
(UULNRV9HQWRXUDV
7HFKQRORJLFDO(GXFDWLRQDO,QVWLWXWLRQRI$WKHQV*UHHFH
$OH[DQGURV6LR]RV&KDUDODERV3DSDJHRUJLRX,RDQQLV.DODW]LV
$QGUHDV5DEDYLODV&RQVWDQWLQ6ROGDWRV'LRQ\VLRV&DYRXUDV
2EMHFWLYHV1HXURSV\FKRORJLFDOGH¿FLWVKDYHEHHQUHSRUWHGLQSDWLHQWVZLWK
PDMRUGHSUHVVLYHGLVRUGHU0''+RZHYHUOLWWOHLVNQRZQDERXWWKHXQGHU
O\LQJPHFKDQLVPVRIWKHVHDEQRUPDOLWLHV7KH3FRPSRQHQWRI(53VLV
WKRXJKWWRUHÀHFWWKHUHVSRQVHVHOHFWLRQVWDJHLQLQIRUPDWLRQSURFHVVLQJLH
WKHVWDJHWKDW³DVVLJQVDVSHFL¿FUHVSRQVHWRDVSHFL¿FVWLPXOXV´6LQFHORZ
UHVROXWLRQ HOHFWURPDJQHWLF WRPRJUDSK\ /25(7$ PD\ GLIIHUHQWLDWH EH
WZHHQVWUXFWXUDODQGHQHUJHWLFSURFHVVHVUHODWHGWRLQIRUPDWLRQSURFHVVLQJ
EDVHGRQWKHDVVRFLDWHG(53ZDYHIRUPWKHDLPRIWKHSUHVHQWVWXG\ZDVWR
H[DPLQHZKHWKHUSDWLHQWVZLWK0''DVFRPSDUHGWRKHDOWK\FRQWUROVPD\
EHGLIIHUHQWLDWHGZLWK UHJDUG WR WKHEUDLQDFWLYLW\FRPSXWHGE\/25(7$
WKURXJKLQYHUVLRQRIWKH3FRPSRQHQW
0HWKRGV7ZHQW\¿YHSDWLHQWVZLWK0''DFFRUGLQJ WKH'60,9FULWHULD
DQG DQ HTXDO QXPEHU RI JHQGHU DQG DJHGPDWFKHG KHDOWK\ FRQWUROV ZHUH
HYDOXDWHGE\DFRPSXWHUL]HGYHUVLRQRIWKHGLJLWVSDQ:HFKVOHUWHVW3DSD
JHRUJLRXHWDO(YHQW5HODWHG3RWHQWLDOV(53VZHUHUHFRUGHGIURP
VFDOSHOHFWURGHV)S)S))&&&&33223]
&]DQG)]7KHSDUWRIWKH(53ZDYHIRUPVIURPWRPVHFDIWHUWKH
HOLFLWLQJVWLPXOXVFRUUHVSRQGLQJWRWKH3FRPSRQHQWZDVUHWDLQHGIRU
IXUWKHUSURFHVVLQJ(53VZHUHLQYHUWHGWRLQWUDFUDQLDOFXUUHQWGLSROHGLVWUL
EXWLRQVXVLQJ WKH/25(7$PHWKRG 3DVFXDO0DUTXL DQG/HKPDQQ
7KHGLSROH FXUUHQWZDYHIRUPSHDN DPSOLWXGH DQG ODWHQF\ZHUH FRPSXWHG
IRU HDFK VRXUFH SRVLWLRQ DQG HDFK VXEMHFW 6WXGHQW¶V WWHVW ZDV XVHG IRU
LQYHVWLJDWLQJGLIIHUHQFHVEHWZHHQWKHWZRVXEMHFWJURXSV
5HVXOWV7KHLQWUDFUDQLDO3FRPSRQHQWDPSOLWXGHGLIIHUHGVLJQL¿FDQWO\
SEHWZHHQWKHWZRJURXSVLQULJKWKHPLVSKHUHSRVLWLRQVORFDWHGLQ
WKHDQJXODUJ\UXV%URDGPDQQDUHDWKHLQIHULRUSDULHWDOOREXOH%URDG
PDQQDUHDWKHPLGGOHWHPSRUDOJ\UXV%URDGPDQQDUHDWKHVXSHULRU
WHPSRUDO OREH %URDGPDQQ DUHD  DQG  DQG WKH VXSUDPDUJLQDO J\UXV
%URDGPDQQDUHD,WLVZRUWKZKLOHWRQRWHWKDWLQHYHU\VRXUFHSRVLWLRQ
ZKHUHWKHUHZDVDVLJQL¿FDQWDPSOLWXGHGLIIHUHQFHWKHSDWLHQWV¶DPSOLWXGH
ZDVUHGXFHGLQFRPSDULVRQWRWKDWRIWKHKHDOWK\FRQWUROV&RQFHUQLQJWKH
ODWHQF\RIWKHLQWUDFUDQLDO3FRPSRQHQWGLIIHUHQFHVSFRQFHUQHG
PRVWO\ULJKWKHPLVSKHUHUHJLRQVVSHFL¿FDOO\WKHWHPSRUDO%URDGPDQQDUHD
IURQWDO%URDGPDQQDUHDDQGSDULHWDOOREH%URDGPDQQDUHDVDQG
,QDOO WKHVRXUFHSRVLWLRQVZKHUHWKHUHZDVDVLJQL¿FDQWODWHQF\GLIIHU
HQFHWKHSDWLHQWV¶ODWHQF\ZDVSURORQJHGLQFRPSDULVRQWRWKDWRIFRQWUROV
&RQFOXVLRQV3UHVHQW¿QGLQJVPD\LQGLFDWHWKDWGHSUHVVLYHSDWLHQWVPDQL
IHVW DOWHUDWLRQVZLWK UHJDUG WR WKH UHVSRQVH VHOHFWLRQ VWDJHRI LQIRUPDWLRQ
SURFHVVLQJ LQYROYLQJ RU DIIHFWLQJ D ZLGHUDQJHG QHWZRUN RI ULJKW KHPL
VSKHUH¶VVWUXFWXUHVLQFOXGLQJWKHWHPSRUDOIURQWDODQGSDULHWDOUHJLRQV
5HIHUHQFHV
3DVFXDO0DUTXL5'0LFKHO&0/HKPDQQ'/RZUHVROXWLRQHOHF
WURPDJQHWLFWRPRJUDSK\DQHZPHWKRGIRUORFDOL]LQJHOHFWULFDODFWLYLW\LQ
WKHEUDLQ,QW-3V\FKRSK\VLRO
3DSDJHRUJLRX&/LDSSDV,9HQWRXUDV(1LNRODRX&.LWVRQDV08]XQRJOX
15DEDYLODV$ /RQJWHUPDEVWLQHQFH V\QGURPH LQKHURLQ DGGLFWV
LQGLFHVRI3DOWHUDWLRQVDVVRFLDWHGZLWKDVKRUWPHPRU\WDVN3URJ1HX
URSV\FKRSKDUPDFRO%LRO3V\FKLDWU\
32
'HSUHVVLRQ3V\FKRSDWRORJ\DQG%UDLQ3HUIXVLRQ
(QULTXH*DOOL
3HUXYLDQ8QLYHUVLW\&D\HWDQR+HUHGLD/LPD3HU~
3ULPLWLYHGHYHORSPHQWRIEUDLQEHJLQRIWKHHFWRGHUPXVZLWKWKHKLVWRJHQ
HVLV RI SDOOLXP FRUWH[ ZKRVHZDOO LQ WKH ¿UVW WZRPRQWKV RI JHVWDWLRQ
UHPDLQYHU\WKLQDQGLWLVFRPSRVHGE\RQO\WKUHHFDSHVEXWDWWKHHQGRI
WKH VHFRQGPRQWKEHJLQ D FHOOXODUPLJUDWLRQRI WKH FDSHRIPDQWOH WR WKH
PDUJLQDO ]RQHPDNLQJ WKH JUD\ VXEVWDQFH 7KH EUDLQ FRUWH[0HDQZKLOH
FHOOVDUHRUJDQL]LQJLQQXPHURXVKRUL]RQWDOFDSHVZKLFKDUHVL[LQ WKHVL[
PRQWK RI JHVWDWLRQ ,Q WKLV FLQFXPVWDQFH WKH EUDLQVWUXFWXUH LV FRQYHUW LQ
EUDLQIXQFWLRQWKURXJKDOOWKHOLIH
$WWHPSWFRUUHODWHWKHVWUXFWXUDODUHDVGHVFULEHGE\%URGPDQDUHDVDQG
WKHGHVFULEHGE\9RQ(FRQRPRDUHDVW\SHVZLWKWKHEUDLQIXQFWLRQLQ
WKHQHXURSV\FKLDWULFGLVRUGHUVLQWKHOLJKWRIWKHFXUUHQWNQRZOHGJHDQGRXU
H[SHULHQFH:HSURSRVHGDVWUXFWXUHIXQFWLRQDOWKHRU\LQWKHSV\FKRSDWKRO
RJ\RIGHSUHVVLRQ:KLW%UDLQ6SHFW
32
5HODWLRQVKLSEHWZHHQ'HSUHVVLRQDQG&DUGLRYDVFXODU'LVHDVH
LQ:RPHQ
(QULTXH*DOOL
3HUXYLDQ8QLYHUVLW\&D\HWDQR+HUHGLD/LPD3HU~
2EMHFWLYHV
'HWHUPLQDWLRQRILQFLGHQFHRIFDUGLRYDVFXODUGLVHDVHLQGHSUHVVHG
ZRPHQ
9DOLGDWLRQRIWKH1HXURVSHW%UDLQ63(&7DVGLDJQRVWLFPDUNHULQPDMRU
GHSUHVVLRQ
3URSRXVHDVURXWLQHGLDJQRVWLFWHVWIRUGHSUHVVLRQWKHFKROHVWHUROFRUWLVRO
DQG1HXURVSHW%UDLQ63(&7
0HWKRGV )LIW\ SDWLHQWV EHWZHHQ  DQG  \HDUV ROG:RPHQ ZLWK WKH
GLDJQRVWLF RIPDMRU GHSUHVVLRQZHUH VWXGLHGZLWK WKH'60 ,9DQG0,1,
FULWHULRQVDQG WKHFRUWLVRO FKROHVWHUROGRVDJHEUDLQ VSHFW DQGKHDUW VSHFW
ZHUHGRQH
5HVXOWV
&KROHVWHUROGRVDJHZDVGRQHDWSDWLHQWVZKHUHSDWLHQWV
PHDVXUHGOHVVRIPJSDWLHQWVEHWZHHQPJ
SDWLHQWVEHWZHHQDQGSDWLHQWVPRUHRIPJ
&KROHVWHUROQRUPDOYDOXHVQRPRUHPJ
SDWLHQWVZHUHIRXQGZLWKKLJKEDVDOFRUWLVRO&RUWLVROQRUPDO
YDOXHVEHWZHHQDQGXJGO
%UDLQ63(&7GLVSOD\HGSDWLHQWVZLWKULJKWDQGOHIWRUELWR
IURQWDOPHVLDOKLSRSHUIXVLRQ
+HDUW6SHFWIRXQGSDWLHQWVZLWKFRURQDU\LQVXI¿FLHQF\
&RQFOXVVLRQV7KLVUHSRUWDOORZVXVWRLQIHUWKDWGHSUHVVLRQSUHGLVSRVHVWR
KHDUWGLVHDVHDQGWKDWERWK&DUGLR63(&7DQG1HXUR63(&7DUHYHU\LPSRU
WDQWH[DPVLQWKHGLDJQRVLVRIWKHZRPDQZLWKPDMRUGHSUHVVLRQ$OVRZH
VKRXOGQRWIRUJHWWZRVLPSOHDQGHFRQRPLFDOWHVWVDVFKROHVWHURODQGFRUWLVRO
PHDVXUHPHQWV
32
7KH'5'*HQHDQG3HUVRQDOLW\7UDLWV5HODWHGWR'HSUHVVLRQ
0DUJDULWD$OILPRYD
5XVVLDQ)HGHUDWLRQ
2EMHFWLYHV 'RSDPLQH UHFHSWRU JHQH YDULDWLRQ KDG EHHQ K\SRWKHVL]HG WR
LQÀXHQFH SHUVRQDOLW\ WUDLWV RI DSSURDFK DQG DYRLGDQFH LQFOXGLQJ WKRVH
FRQIHUULQJ YXOQHUDELOLW\ WR DQ[LHW\ DQG GHSUHVVLRQ KRZHYHU WKH ¿QGLQJV
ZHUH LQFRQFOXVLYH 7KLV VWXG\ LQYHVWLJDWHG SRVVLEOH DVVRFLDWLRQV EHWZHHQ
WKH GRSDPLQH' UHFHSWRU JHQH '5'6HU*O\ SRO\PRUSKLVPZLWK WKH
SHUVRQDOLW\WUDLWVWKDWPD\SUHGLVSRVHWRSV\FKLDWULFSKHQRPHQDLQ5XVVLDQ
SRSXODWLRQ
0HWKRGV$VDPSOHRIKHDOWK\YROXQWHHUVPHDQDJHPDOHV
ZDV LQYHVWLJDWHG ZLWK RQH RU PRUH RI VHYHUDO SHUVRQDOLW\ TXHVWLRQQDLUHV
QDPHO\(3,003,DQG67$,
5HVXOWV 6XEMHFWV KRPR]\JRXV IRU WKH '5' JHQH 6HU*O\ SRO\PRU
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
SKLVP KDG ORZHU VFRUHV RQ WKH(3, QHXURWLFLVP S  DV FRPSDUHG WR
KHWHUR]\JRXVLQGLYLGXDOV7KHUHZDVDWUHQGIRUKRPR]\JRWHVDOVRWRKDYH
ORZHU VFRUHVRQ WKH'HSUHVVLRQ VFDOHRI003, S 7KH DVVRFLDWLRQ
ZLWK WKH QHXURWLFLVP ZHUH PRUH SURPLQHQW LQ *O\*O\ JHQRW\SH FDUULHUV
S WKDQLQWKRVHZLWK6HU6HUJHQRW\SHVS %HVLGHVVXEMHFWV
KRPR]\JRXVIRUWKH*O\DOOHOHGHPRQVWUDWHGWHQGHQFLHVWREHVFRUHGORZHU
WKDQKHWHUR]\JRWHVRQ WKH67$, WUDLW DQ[LHW\ DQG WKH003,6RFLDO
LQWURYHUVLRQS 
&RQFOXVLRQV7KH UHVXOWV VXJJHVW WKDW WKH'5' JHQH 6HU*O\ SRO\PRU
SKLVPPD\LQÀXHQFHSHUVRQDOLW\WUDLWVUHODWHGWRDQ[LHW\DQGGHSUHVVLRQ
6XSSRUWHGE\DJUDQWIURPWKH5)%51
32
7K\URLG$[LV$FWLYLW\DQG6XLFLGDO%HKDYLRULQ'HSUHVVHG
3DWLHQWV
)DEULFH'XYDO
5HVHDUFK&HQWHUIRU$SSOLHG1HXURVFLHQFHLQ3V\FKLDWU\)25(
1$3)UDQFH
2EMHFWLYHV7KH DLP RI WKLV VWXG\ZDV WR LQYHVWLJDWH WKH UHODWLRQVKLS EH
WZHHQ VXLFLGDO EHKDYLRXU DQG K\SRWKDODPLFSLWXLWDU\ WK\URLG +37 D[LV
DFWLYLW\LQGHSUHVVHGSDWLHQWV
0HWKRGV:H HYDOXDWHG WKH VHUXP OHYHOV RI 76+ IUHH WK\UR[LQH )7
DQG IUHH WULLRGRWK\URQLQH )7 EHIRUH DQG DIWHU $0 DQG  3075+
FKDOOHQJHVJ,9RQWKHVDPHGD\LQKHDOWK\KRVSLWDOL]HGFRQWUROV
DQGGUXJIUHH'60,9HXWK\URLGPDMRUGHSUHVVHGLQSDWLHQWVZLWKD
KLVWRU\RIVXLFLGHDWWHPSWV>6$@ZLWKRXW>16$@
5HVXOWV 75+LQGXFHG 76+ UHVSRQVHV ZHUH QRW VLJQL¿FDQWO\ GLIIHUHQW
EHWZHHQ6$VDQGFRQWUROVEXWZHUHEOXQWHGLQ16$VDW$0SDW
30S2ZLQJWRGHFUHDVHG)7EDVDOOHYHOV6$VVKRZHGORZHU
)7)7 UDWLRV WKDQ FRQWUROV DW $0 S DW 30 S DQG
16$VDW$0S DW30S
&RQFOXVLRQV 7KLV VWXG\ VXJJHVWV WKDW 16$V K\SHUVHFUHWLRQ RI K\
SRWKDODPLF75+DVUHÀHFWHGE\WKHGHFUHDVHG75+UHFHSWRUIXQFWLRQP\
UHSUHVHQWDFRPSHQVDWRU\PHFKDQLVPWRPDLQWDLQQRUPDOVHUXP7DQG7
FRQFHQWUDWLRQV ,Q 6$V WKLV PHFKDQLVP LV QRW HIIHFWLYH EXW WKH UHGXFHG
)7)7UDWLRVVXJJHVWHQKDQFHGFRQYHUVLRQRI7WR7WRPDLQWDLQQRUPDO
7FRQFHQWUDWLRQ
5HIHUHQFHV
'XYDO)0DFKHU-30RNUDQL0&'LIIHUHQFHEHWZHHQHYHQLQJDQGPRUQLQJ
WK\URWURSLQ UHVSRQVHV WRSURWLUHOLQ LQPDMRUGHSUHVVLYHHSLVRGH$UFK*HQ
3V\FKLDWU\
'XYDO)0RNUDQL0&&URFT0$-DXW]0%DLOH\3'LHS760DFKHU-3
(IIHFWRIDQWLGHSUHVVDQWPHGLFDWLRQRQPRUQLQJDQGHYHQLQJWK\URLGIXFWLRQ
WHVWV GXULQJ D PDMRU GHSUHVVLYH HSLVRGH $UFK *HQ 3V\FKLDWU\ 

-RIIH57/HYLWW$-7KHWK\URLGDQGGHSUHVVLRQ,Q-RIIH57	/HYLWW$-
HGV7KHWK\URLGD[LVDQGSV\FKLDWULFLOOQHVV:DVKLQJWRQ$PHULFDQ3V\FKL
DWULF3UHVV
32
3RVWHU6HVVLRQ1R
32
(IIHFWVRIWKH(&7RQ*$%$HUJLF)XQFWLRQLQ0DMRU
'HSUHVVLYH3DWLHQWV
(UWXJUXO(VHO
(UFL\HV8QLYHUVLW\.D\VHUL7XUNH\
.DGHU.RVH<XQXV+DFLPXVDODU6DOLKD2]VR\0XVWDID.XOD
=DOLKD.RNEXGDN+DVDQ%DVU,]JL7D\IXQ7XUDQ
2EMHFWLYHV:H DLPHG LQ WKLV VWXG\ WR LQYHVWLJDWH ZKHWKHU WKHUH DUH DQ\
DOWHUDWLRQVLQ*$%$¶HUJLFDFWLYLWLHVLQPDMRUGHSUHVVLYHSDWLHQWVDQGLIDQ\
ZKHWKHU(&7KDVDQ\HIIHFWRQWKHVHFKDQJHVE\PHDVXULQJVHUXP*$%$
OHYHOV DQG WKH *+ UHVSRQVH WR EDFORIHQ EHIRUH DQG DIWHU WKH WKHUDSHXWLF
UHVSRQVHWRDFRXUVHRI(&7
0HWKRGV7ZHQW\¿YHGHSUHVVLYH LQSDWLHQWVZKR UHVSRQGHG WRDFRXUVHRI
(&7(&7DQGKHDOWK\VXEMHFWVZHUHLQFOXGHGLQWKHVWXG\+DP
LOWRQ5DWLQJ6FDOHIRU'HSUHVVLRQ+56'VFRUHVZHUHPHDVXUHGEHIRUHWKH
VW(&7DQG DIWHU WKH WKHUDSHXWLF UHVSRQVH WR(&7 LQ WKHSDWLHQW JURXS$
GHFUHDVHRIRUPRUHLQ+56'VFRUHVZDVDFFHSWHGDVFOLQLFDOUHVSRQVHWR
WUHDWPHQW'XULQJWKHZHHNVRIWKH(&7FRXUVHSDWLHQWVUHPDLQHGGUXJIUHH
,QSDWLHQWVVHUXP*$%$DQGEDVHOLQH*+OHYHOVZHUHPHDVXUHGWZRGD\V
EHIRUHDQGPLQXWHVDIWHUWKH¿UVW(&7DQGWKUHHGD\VDIWHUWKHODVW(&7
$GGLWLRQDOO\EDFORIHQFKDOOHQJHWHVWZDVSHUIRUPHGWZRGD\VEHIRUHWKH¿UVW
(&7DQGWKUHHGD\VDIWHUWKHODVW(&77KHVDPHWHVWVZHUHGRQHRQO\RQFH
LQWKHFRQWUROJURXS$IWHUDQRYHUQLJKWIDVWEORRGVDPSOHVZHUHREWDLQHGDW
EDVHOLQHIRU*$%$DQG*+DQGDWWKWKWKWKDQGWKPLQIRO
ORZLQJEDFORIHQIRU*+6HUXP*$%$OHYHOVZHUHDVVD\HGE\WKHPHWKRGRI
=KDQJDQG%RZQ*+FRQFHQWUDWLRQVZHUHGHWHUPLQHGE\,50$WHFKQLTXHV
5HVXOWV6HUXP*$%$OHYHOVRIWKHSDWLHQWVZHUHVLJQL¿FDQWO\ORZHUWKDQ
WKRVH RI WKH KHDOWK\ FRQWUROV ERWK EHIRUH DQG DIWHU WKH (&7 WUHDWPHQW
*$%$ OHYHOV VKRZHG D VLJQL¿FDQW VXUJH LPPHGLDWHO\ DIWHU WKH¿UVW(&7
7KHUHZDV DOVR D VLJQL¿FDQW LQFUHDVH LQ*$%$ OHYHOV IURPSUHWUHDWPHQW
WR WKHHQGRI WKH(&7FRXUVH%DVHOLQH*+OHYHOVZHUHGLIIHUHQWEHWZHHQ
WKH SDWLHQW DQG FRQWURO JURXSV QHLWKHU EHIRUH QRU DIWHU WKH WUHDWPHQW 1R
VLJQL¿FDQWDOWHUDWLRQZDVVHHQLQEDVDO*+OHYHOVWKURXJKRXWWKH(&7WUHDW
PHQW ,Q WKH*+ FKDOOHQJH WHVW WKHUHZDV QRW DQ\ GLIIHUHQFH LQ WHUPV RI
*+ UHVSRQVHV WR EDFORIHQEHWZHHQ WKH SDWLHQW DQG FRQWURO JURXSV EHIRUH
RUDIWHUWKH(&7WUHDWPHQW,PSURYHPHQWIURPGHSUHVVLRQGLGQRWKDYHDQ\
HIIHFW RQ WKHVH*+ UHVSRQVHV LQ WKH SDWLHQWV %HIRUH WKH WUHDWPHQW ¨*+
YDOXHVPD[LPXP*+OHYHO±EDVDO*+OHYHOZHUHVLJQL¿FDQWO\KLJKHULQ
WKHSDWLHQWVWKDQWKRVHRIWKHFRQWUROV7KHUHZDVQRVLJQL¿FDQWGLIIHUHQFH
EHWZHHQSUHDQGSRVWWUHDWPHQW¨*+YDOXHVLQWKHSDWLHQWV+RZHYHUDIWHU
WKHWUHDWPHQWZLWKDQ(&7FRXUVH WKHSDWLHQWVQRORQJHUGLIIHUHGLQ¨*+
YDOXHVIURPWKHFRQWUROV
&RQFOXVLRQV'HSUHVVLYHSDWLHQWVPD\KDYHVRPHLQFUHDVHLQWKHDFWLYLW\RI
WKH*$%$%UHFHSWRUVEXWVRPHGHFUHDVH LQ WKH*$%$OHYHOV(&7WUHDW
PHQWVHHPVWRFDXVHDQLPSURYHPHQWLQWKH*$%$UHFHSWRUDFWLYLW\EXWQRW
LQWKHV\QDSWLF*$%$OHYHOVDWOHDVWLQWKHVKRUWWHUP2QHPD\FRQVLGHU
WKDWWKHLQFUHDVHLQWKH*$%$OHYHOVDQGWKHGHFUHDVHLQWKH*$%$UHFHSWRU
DFWLYLW\PD\EH LQWHUUHODWHG LHDFRPSHQVDWRU\DOWHUDWLRQ LQRQHRI WKHP
PLJKWKDYHKDSSHQHGGXHWRWKHRWKHU
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1HXURVWHURLGVDQG&RJQLWLYH)XQFWLRQVLQ'HSUHVVHG:RPHQ
(UWXJUXO(VHO
(UFL\HV8QLYHUVLW\.D\VHUL7XUNH\
.DUWDOFL6.XOD02]VR\66RIXRJOX6
2EMHFWLYHV 7KHUH DUH IHZ UHSRUWV DERXW GHKLGURHSLDQGURVWHURQHVXOIDWH
'+($6 OHYHOZKLFK LV RQH RI WKH QHXURVWHURLGV DQG LWV HIIHFWV RQ GH
SUHVVLYHLOOQHVV6LQFH'+($6KDVPHPRU\HQKDQFLQJDQWLGHSUHVVDQWDQG
DQWLJOXFRFRUWLFRLGHIIHFWVLQDQLPDOVLWPLJKWEHDIDFWRULQH[SODLQLQJVRPH
V\PSWRPVRIGHSUHVVLYHGLVRUGHUDQGPLJKWSOD\DUROHLQWKHSDWKRSK\VLRO
RJ\RIGHSUHVVLRQ2XUDLPZDVWRLQYHVWLJDWHZKHWKHU'+($6ZDVUHODWHG
WRWKHSDWKRSK\VLRORJ\RIGHSUHVVLRQE\H[DPLQLQJDOWHUDWLRQVLQVHUXP'+
($6OHYHOVDQGLWVUHJXODWRU\IDFWRUVDQGZKHWKHUWKHUHZDVDQ\UHODWLRQVKLS
EHWZHHQWKHVHDOWHUDWLRQVDQGFRJQLWLYHIXQFWLRQVLQGHSUHVVLRQ
0HWKRGV'HSUHVVHG Q  DQG KHDOWK\ Q ZRPHQZHUH WHVWHGZLWK
QHXURSV\FKRORJLFDO WHVWV PHDVXULQJ FRJQLWLYH IXQFWLRQV %DVDO DQG SRVW
GH[DPHWDVRQH OHYHOV RI FRUWLVRO DQG RI '+($6 LQ VHUXP ZHUH DVVHVVHG
E\ UDGLRLPPXQRDVVD\ 1HXURSV\FKRORJLFDO DQG KRUPRQDO PHDVXUHV ZHUH
UHSHDWHGDIWHUFOLQLFDOUHVSRQVHWRWUHDWPHQWLQWKHSDWLHQWV
5HVXOWV3DWLHQWVKDGQRUPDOEDVDOFRUWLVRODQGKLJKHUEDVDO'+($6OHYHOV
:KLOHWKHSDWLHQWVVKRZHGVLJQL¿FDQWO\KLJKHUQRQVXSUHVVLRQUDWHVRIFRU
WLVROZLWKGH[DPHWKDVRQHWKDQWKHFRQWUROVWKHVXSSUHVVLRQHIIHFW
RIGH[DPHWKDVRQHRQ'+($6 OHYHOVZDVKLJKHU LQ WKHSDWLHQWVFRPSDUHG
WRWKHFRQWUROV%RWKEDVDOFRUWLVRODQG'+($6OHYHOVZHUHSRVLWLYHO\FRU
UHODWHGZLWKFRJQLWLYHIXQFWLRQV(OHYDWHGEDVHOLQH'+($6OHYHOVORZHUHG
WRQRUPDOOHYHOVDIWHUWKHFOLQLFDOUHVSRQVHWRWKHWUHDWPHQW
&RQFOXVLRQV7KHUHPD\EHDFDXVDOUHODWLRQEHWZHHQ'+($6DQGGHSUHV
VLRQVLQFHHOHYDWHG'+($6OHYHOVEHIRUHWKHWUHDWPHQWORZHUHGWRQRUPDO
OHYHOVDIWHUWKHFOLQLFDOUHVSRQVHWRWKHWUHDWPHQW'+($6PD\EHHOHYDWHG
LQRUGHUWRPLWLJDWHWKHGHSUHVVLRQDVVRFLDWHGRYHUDFWLYLW\RIFRUWLVRODQGLWV
KDUPIXOHIIHFWVVXFKDVGHSUHVVLYHPRRGDQGFRJQLWLYHLPSDLUPHQWVLQGH
SUHVVLRQ,QDGGLWLRQLWPD\EHFRQVLGHUHGWKDWWKLVLQFUHDVHG'+($6PLJKW
RULJLQDWHIURPWKHFKDQJHVLQWKHDFWLYLWLHVRIWKHHQ]\PHVWKDWSDUWLFLSDWHLQ
WKHPHWDEROLVPRISUHJQHQRORQ
!&&%#4)6%¬$)3/2$%23¬5.)0/,!2	¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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7UHDWPHQW5HVLVWDQW'HSUHVVLRQ'LIIHUHQW5HVSRQVHWR
'H[DPHWKDVRQHDQG3UHGQLVRORQH7HVW
0DULR)-XUXHQD
'HSDUWDPHQWRGH3VLTXLDWULDH0HGLFLQD/HJDOGD)))&03$
3RUWR$OHJUH%UD]LO'LYLVLRQRI3V\FKRORJLFDO0HGLFLQH,QVWLWXWH
RI3V\FKLDWU\.LQJ¶V&ROOHJH/RQGRQ8.$IIHFWLYH'LVRUGHUV
8QLW6RXWK/RQGRQDQG0DXGVOH\7UXVW/RQGRQ8.6WUHVV
3V\FKLDWU\DQG,PPXQRORJ\ODERUDWRU\63,/DE,QVWLWXWHRI
3V\FKLDWU\.LQJ¶V&ROOHJH/RQGRQ8.
$QGUHZ3DSDGRSRXORV/XFLD3RRQ6WDIRUG/LJKWPDQ
&DUPLQH3DULDQWH$QWKRQ\&OHDUH
2EMHFWLYHV7KHSXUSRVHRIWKLVVWXG\LVWRHYDOXDWHDIXQGDPHQWDOQHXUR
ELRORJLFDO DVSHFW RI7UHDWPHQW5HVLVWDQW'HSUHVVLRQ 75' WKH VWDWXV RI
WKHK\SRWKDODPLFSLWXLWDU\DGUHQDO+3$D[LV:HFRPSDUHGWKHHIIHFWVRI
SODFHERSUHGQLVRORQHDQGGH[DPHWKDVRQHRQVDOLYDU\FRUWLVROVHFUHWLRQLQ
SDWLHQWVDQGFRQWUROV
%DFNJURXQG0DMRUGHSUHVVLRQLVDSUHYDOHQWDQGWKHVLQJOHPRVWEXUGHQ
VRPHSV\FKLDWULFGLVRUGHU LQ WKHZRUOGDPRQJSHRSOH LQ WKHPLGGOH\HDUV
&XUUHQWO\DYDLODEOHDQWLGHSUHVVDQWWUHDWPHQWVDUHHIIHFWLYHLQRQO\
RISDWLHQWVRISDWLHQWVKDYH75'6DFNHLP6WXGLHVVXJJHVW
HGWKDW75'LVUHODWHGWRDEQRUPDOHIIHFWRIJOXFRFRUWLFRLGKRUPRQHV75'
SDWLHQWVKDYHUHGXFHGJOXFRFRUWLFRLGUHFHSWRU*5IXQFWLRQOHDGLQJWRKLJK
FRUWLVROOHYHOV-XUXHQDHWDO'LIIHUHQWVWXGLHVKDYHVKRZQWKDWGH
SUHVVHGSDWLHQWVGRQRWVXSSUHVVFRUWLVROVHFUHWLRQDIWHUGH[DPHWKDVRQHWHVW
'H[DPHWKDVRQH KDV SKDUPDFRG\QDPLF DQG SKDUPDFRNLQHWLF GLVWLQFW IURP
WKRVHRIWKHHQGRJHQRXVJOXFRFRUWLFRLGV
:HSURSRVHDVXSSUHVVLYHWHVWXVLQJSUHGQLVRORQHDV\QWKHWLFJOXFRFRUWLFRLG
WKDW LV VLPLODU WR FRUWLVRO LQ LWV SKDUPDFRG\QDPLFV DQG SKDUPDFRNLQHWLFV
3DULDQWHHWDO
0HWKRGVJURXSVD75'3DWLHQWVZLWK'60,95HFXUUHQW0DMRU'H
SUHVVLRQRQWKH$IIHFWLYH'LVRUGHUV8QLWZKRKDVEHHQUHVLVWDQWWRWUHDWPHQW
6DFNKHLPE+HDOWK\FRQWUROVGDWDEDVHRIYROXQWHHUV8VLQJDVLQ
JOHEOLQG QRQUDQGRPL]HG SODFHERFRQWUROOHG UHSHDWHGPHDVXUH GHVLJQ
ZHFRPSDUHGHIIHFWVRISODFHERSUHGQLVRORQH PJDQGGH[DPHWKDVRQH
 PJ RQ VDOLYDU\ FRUWLVRO VHFUHWLRQ LQ SDWLHQWV DQG FRQWUROV 6DOLYDU\
FRUWLVROZDVPHDVXUHGIURPKWRK
7UHDWPHQW5HVLVWDQFH6DFNKHLP$QWLGHSUHVVDQW+LVWRU\6FKHGXOH7KDVH
VWDJLQJFULWHULD&OLQLFDOVHYHULW\ +DPLOWRQ5DWLQJ6FDOH IRU'HSUHVVLRQ
LWHP+'56%HFN'HSUHVVLRQ,QYHQWRU\,,%',,,
7KHVHVWXGLHVKDYHFRQVLVWHQWO\GHPRQVWUDWHGWKDW*5IXQFWLRQLVLPSDLUHG
LQPDMRUGHSUHVVLRQUHVXOWLQJLQUHGXFHG*5PHGLDWHGQHJDWLYHIHHGEDFNRQ
WKH+3$D[LVDQGLQFUHDVHGSURGXFWLRQDQGVHFUHWLRQRI&5)LQYDULRXVEUDLQ
UHJLRQVSRVWXODWHGWREHLQYROYHGLQWKHFDXVDOLW\RIGHSUHVVLRQ
5HVXOWV7KH75'SDWLHQWVZHUHFRPSDUHGZLWKFRQWUROVDQGGHPRQ
VWUDWHGWKDWWKHSUHGQLVRORQHDQGGH[DPHWKDVRQHWHVWVGLIIHULQWKHLUDELOLW\
WRSUREHWKH+3$D[LV3DWLHQWVVFRUHGPHDQVHRQ%',,,DQG
RQWKH+56'7KHUHZDVDGLIIHUHQFHEHWZHHQSDWLHQWVDQGFRQ
WUROVLQWKHUHVSRQVHRIFRUWLVROWRSUHGQLVRORQHYVGH[DPHWKDVRQH7KHRI
VXSSUHVVLRQE\GH[DPHWKDVRQHZDVORZHULQSDWLHQWVWKDQLQFRQWUROVDYHU
DJHSHUFHQWDJHVXSSUHVVLRQZDVLQGHSUHVVHGSDWLHQWVSDQG
LQFRQWUROV6XSSUHVVLRQE\SUHGQLVRORQHZDVVLPLODULQERWKSDWLHQWV
DQGFRQWUROVLQSDWLHQWVDQGLQFRQWUROV16
&RQFOXVLRQV7KHUHZDV D GLIIHUHQFH EHWZHHQ75'SDWLHQWV DQG FRQWUROV
LQWKHUHVSRQVHRIVDOLYDU\FRUWLVROWRSUHGQLVRORQHYVGH[DPHWKDVRQHWHVWV
DQGPD\EHPHDVXULQJGLIIHUHQWDVSHFWVRI WKH+3$D[LV7KHVXSSUHVVLRQ
E\GH[DPHWKDVRQHZDVVPDOOHULQ75'SDWLHQWVWKDQLQFRQWUROV:HVXJJHVW
WKDWWKHDGGLWLRQDOHIIHFWVRISUHGQLVRORQHRQ05UHFHSWRUVPD\XQGHUOLHWKLV
GLIIHUHQWSDWWHUQRIVXSSUHVVLRQ3UHGQLVRORQHPD\JLYHDPRUHQDWXUDOLVWLF
DVVHVVPHQWRI+3$D[LVQHJDWLYHIHHGEDFN7KHVHUHVXOWVVXJJHVWDGLIIHUHQW
G\VUHJXODWLRQ WKDQ LV LQIHUUHG IURP LQYHVWLJDWLQJ GH[DPHWKDVRQH VXSSUHV
VLRQDORQH
5HIHUHQFHV
-XUXHQD0)&OHDUH$-%DXHU0(3DULDQWH&00ROHFXODU
PHFKDQLVP RI *5 VHQVLWLYLW\ DQG UHOHYDQFH IRU DIIHFWLYH GLVRUGHUV$FWD
1HXURSV\FKLDWULFD
3DULDQWH &0 3DSDGRSRXORV $6 3RRQ / &KHFNOH\ 6$ .HUZLQ
5:/LJKWPDQ67KHQRYHOSUHGQLVRORQHVXSSUHVVLRQWHVWIRUWKH
K\SRWKDODPLFSLWXLWDU\DGUHQDOD[LV%LRO3V\FKLDWU\
6DNKHLP+$7KHGH¿QLWLRQDQGPHDQLQJRI WUHDWPHQWUHVLVWDQWGH
SUHVVLRQ-RXUQDORI&OLQLFDO3V\FKLDWU\6XSSO
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(IIHFWVRI0RGDILQLOLQ3DWLHQWVZLWK5HVLVWDQW'HSUHVVLRQ
'LPLWULRV.DOIDV
3V\FKLDWULF&OLQLFRI*HQHUDO+RVSLWDORI*LDQQLWVD±
*LDQQLWVD*UHHFH
7K'LGDVNDORX$9ODVWRX33UDWVLRX$9DVVDUDV
2EMHFWLYHV7KHSXUSRVHRIWKLVVWXG\ZDVWKHHYDOXDWLRQRIWKHHIIHFWRIWKH
0RGD¿QLO LQRXWSDWLHQWVZLWKFKURQLFUHVLVWDQFHGHSUHVVLRQZKRDUHXQGHU
DQWLGHSUHVVDQWWUHDWPHQW
0HWKRGV7KHPDWHULDORIWKLVVWXG\ZDVIRUW\RXWSDWLHQWVZLWKGHSUHVVLRQ
ZKRDOUHDG\ZHUHXQGHUDQWLGHSUHVVDQWWUHDWPHQWVVUL¶VIRUVL[PRQWKVDW
OHDVW7KHVHSDWLHQWVHYHQWKRXJKWKH\ZHUHXQGHUKLJKGRVHDQWLGHSUHVVDQWV
WKHLUFRUUHVSRQGHQFHWRWKHWUHDWPHQWZHUHSDUWLDODQGWKH\FRQWLQXHWRDS
SHDUUHVLVWDQWV\PSWRPVOLNHGDLO\VOHHSLQHVVIDWLJXHDQGODFNHQHUJ\
,QWKHVWXG\ZHUHLQFOXGHGSDWLHQWVDW WKHDJHRIDQGXSZKRZHUHGL
DJQRVHGZLWK'60,9ZHUHXQGHUDQWLGHSUHVVDQWWUHDWPHQWIRUDWOHDVWVL[
PRQWKVDQGWKH\DSSHDUHGUHVLGXDU\V\PSWRPVRIGHSUHVVLRQGDLO\VOHHSL
QHVVIDWLJXHODFNRIHQHUJ\
7KHVHSDWLHQWVZHUHJLYHQ0RGD¿QLOLQGDLO\GRVHPJGD\LQWKHPRUQLJ
RQO\7KHSDWLHQWVZHUHHYDOXDWHGZLWK)DWLJXH6HYHULW\6FDOHDQG(SZRUWK
6OHHSLQHVV 6FDOH EHIRUH WKH VWDUW RI WKH WUHDWPHQWZLWK0RGD¿QLO DIWHU 
PRQWKDIWHUPRQWKDQGDIWHUPRQWKVRIWKHWUHDWPHQW
5HVXOWV$VLWWXUQHGXSWKHUHZDVDVLJQL¿FDQWFOLQLFDOLPSURYHPHQWRIWKH
SDWLHQWVDQG WKHV\PSWRPVRI IDWLJXH ODFNRIHQHUJ\DQGGDLO\ VOHHSLQHVV
ZHUH UHWUHDWHG DV LW ZDV DVFHUWDLQHG IURP WKHPDUNV RQ WKH VFDOHV LQ WKH
¿UVWPRQWKDOUHDG\7KHDYHUDJHIRUWKHVFDOH)DWLJXH6HYHULW\6FDOHEHIRUH
WKHVWDUWRIWKHWUHDWPHQWZDVDQGDIWHUPRQWKVFRQWLQXRXVO\WUHDWLQJ
0RGD¿QLO LQ FRPELQDWLRQ ZLWK DQWLGHSUHVVDQW WUHDWPHQW EHFDPH  7KH
DYHUDJHIRU(SZRUWK6OHHSLQHVV6FDOHEHIRUHWKHVWDUWRIWKHWUHDWPHQWZDV
DQGDIWHUPRQWKVJLYLQJWKLVWUHDWPHQWEHFDPH
&RQFOXVLRQV7KHFRQFOXVLRQLVWKHWUHDWLQJ0RGD¿QLOLQFRPELQDWLRQZLWK
DQWLGHSUHVVDQWVLQFKURQLFGHSUHVVLYHRXWSDWLHQWVZLWKUHVLVWDQFHV\PSWRPV
OLNH IDWLJXHGDLO\ VOHHSLQHVVDQG ODFNRI HQHUJ\KHOSV VLJQL¿FDQW LQ WKHLU
UHWUHDW WKLV D IDFW ZKLFK LV VKRZQ IURP WKH FOLQLFDO LPSURYHPHQW RI WKH
SDWLHQWVDQGWKHGHFUHDVHRIWKHPDUNVRIWKH(SZRUWK6OHHSLQHVV6FDOHDQG
)DWLJXH6HYHULW\6FDOH
5HIHUHQFHV
1LQDQ37HWDO$GMXQFWLYHPRGD¿QLODWLQLWLDWLRQRIWUHDWPHQWZLWK
D VHOHFWLYH VHURWRQLQ UHXSWDNH LQKLELWRU HQKDQFHV WKH GHJUHH DQG RQVHW RI
WKHUDSHXWLFHIIHFWVLQSDWLHQWVZLWKPDMRUGHSUHVVLYHGLVRUGHUDQGIDWLJXH-
&OLQ3V\FKLDWU\0DU
'H%DWWLVWD&HWDO$GMXQFWPRGD¿QLO IRU WKHVKRUWWHUP WUHDWPHQW
RI IDWLJXH DQG VOHHSLQHVV LQ SDWLHQWV ZLWK PDMRU GHSUHVVLYH GLVRUGHU D
SUHOLPLQDU\GRXEOHEOLQGSODFHERFRQWUROOHGVWXG\-&OLQ3V\FKLDWU\
6HS
32
*OXFRFRUWLFRLG5HFHSWRUP51$([SUHVVLRQLQ0RRG'LVRUGHUV
7RVKLR0DWVXEDUD
'HSDUWPHQWRI1HXURSV\FKLDWU\6FKRRORI0HGLFLQH<DPDJXFKL
8QLYHUVLW\-DSDQ
+LURPDVD)XQDWR0DVDDNL1REXPRWR$NLUD1LVKLGD
<RVKLIXPL:DWDQDEH
2EMHFWLYHV 3DWLHQWV ZLWKPRRG GLVRUGHUV H[KLELW DOWHUHG IXQFWLRQ RI K\
SRWKDODPLF SLWXLWDU\ DGUHQDO +3$ D[LV *OXFRFRUWLFRLG UHFHSWRU *5
SOD\V DQ LPSRUWDQW UROH LQ WKH QHJDWLYH IHHGEDFN UHJXODWLRQ RI+3$ D[LV
7KHUHDUH WZRSURWHLQ LVRIRUPVRI*5*5ĮDQG*5ȕZKLFKKDVGLVWLQFW
ELRORJLFDO DFWLYLW\ ,W KDV QRW EHHQ H[DPLQHG ZKHWKHU WZR LVRIRUPV RI
*5P51$H[SUHVVLRQ DUH DOWHUHG LQ SHULSKHUDO EORRG FHOOV RI WKH SDWLHQWV
ZLWKPRRGGLVRUGHUV
0HWKRGV 8VLQJ TXDQWLWDWLYH 573&5 PHWKRG *5Į P51$ DQG *5ȕ
P51$ZHUHPHDVXUHGLQSHULSKHUDOEORRGFHOOVRIPDMRUGHSUHVVLYHGLVRU
GHUSDWLHQWVGHSUHVVLYHQ UHPLWWHGQ ELSRODUGLVRUGHUSDWLHQWV
GHSUHVVLYH Q    UHPLWWHG Q    DQG ¿UVWGHJUHH UHODWLYHV RI PDMRU
GHSUHVVLYHGLVRUGHUQ DQGRIELSRODUGLVRUGHUQ QRUPDOFRQWURO
VXEMHFWVQ 
5HVXOWV5HGXFHGH[SUHVVLRQRI*5ĮP51$ZDVVKRZQLQERWKELSRODUGLV
RUGHUSDWLHQWVDQGPDMRUGHSUHVVLYHGLVRUGHUSDWLHQWVLQGHSUHVVLYHHSLVRGH
!&&%#4)6%¬$)3/2$%23¬5.)0/,!2	¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
DVZHOO DV LQ UHPLVVLRQ)LUVWGHJUHH UHODWLYHVRI WKHSDWLHQWVZLWKELSRODU
GLVRUGHUDOVRVKRZHG*5ĮP51$UHGXFWLRQ$OWHUHG*5ȕP51$H[SUHV
VLRQZDVQRWIRXQGLQPRRGGLVRUGHUVSDWLHQWV
&RQFOXVLRQV 2XU UHVXOWV VXJJHVW WKDW UHGXFHG *5Į P51$ H[SUHVVLRQ
PLJKWEHWUDLWGHSHQGHQWDQGDVVRFLDWHGZLWKWKHSDWKRSK\VLRORJ\RIPRRG
GLVRUGHUV
5HIHUHQFHV
+ROVERHU)$OWHUHGK\SRWKDODPLFSLWXLWDU\DGUHQRFRUWLFDOUHJXODWLRQ
LQKHDOWK\VXEMHFWVDWKLJKIDPLOLDOULVNIRUDIIHFWLYHGLVRUGHU1HXURHQGR
FULQRORJ\
2DNOH\5+7KHGRPLQDQWQHJDWLYHDFWLYLW\RIWKHKXPDQJOXFRFRUWL
FRLGUHFHSWRUȕLVRIRUP6SHFL¿FLW\DQGPHFKDQLVPVRIDFWLRQ-%LRO&KHP

3DULDQWH &0  *OXFRFRUWLFRLG UHFHSWRUV LQ PDMRU GHSUHVVLRQ 5HO
HYDQFHWRSDWKRSK\VLRORJ\DQGWUHDWPHQW%LRO3V\FKLDWU\
3HUOPDQ:5  5HGXFHG JOXFRFRUWLFRLG DQG HVWURJHQ UHFHSWRU DOSKD
PHVVHQJHU ULERQXFOHLF DFLG OHYHOV LQ WKH DP\JGDODRI SDWLHQWVZLWKPDMRU
PHQWDOLOOQHVV%LRO3V\FKLDWU\
:HEVWHU 0-  5HJLRQDO VSHFL¿FLW\ RI EUDLQ JOXFRFRUWLFRLG UHFHSWRU
P51$DOWHUDWLRQVLQVXEMHFWVZLWKVFKL]RSKUHQLDDQGPRRGGLVRUGHUV0RO
3V\FKLDWU\
32
'HSUHVVLRQDQG7K\URLG*ODQG$EQRUPDOLWLHV,Q3ULPDU\
0HGLFDO&DUH
1DUVHWD0LFNXYLHQH
,QVWLWXWHRI(QGRFULQRORJ\RIWKH.DXQDV8QLYHUVLW\RI0HGLFLQH
/LWKXDQLD
5REHUWDV%XQHYLFLXV

%DFNJURXQG 'HSUHVVLRQ LV FRPPRQ LQ SULPDU\ FDUH 7KHUH DUH QR GDWD
RQUHODWLRQVKLSEHWZHHQGHSUHVVLRQDQGVWUXFWXUDODEQRUPDOLWLHVRIWK\URLG
JODQG
2EMHFWLYHV7KHDLPRIWKLVVWXG\ZDVWRLQYHVWLJDWHWKHSUHYDOHQFHRIGH
SUHVVLRQLQUHODWLRQWRWK\URLGJODQGDEQRUPDOLWLHVLQSULPDU\PHGLFDOFDUH
FHQWHULQ.DXQDV/LWKXDQLD
0HWKRGVPHQDQGZRPHQSDWLHQWVFRQVHFXWLYHO\DGPLWWHG
WRWKHFHQWHUZHUHLQFOXGHGWRWKHVWXG\$JHRIWKHSDWLHQWVUDQJHGIURP
WR\UVZLWKPHDQDJHRI\UV7KH+RVSLWDO$Q[LHW\DQG'HSUHVVLRQ
+$'VFDOHZDVXVHGWRVFUHHQIRUGHSUHVVLRQDQGXOWUDVRXQGH[DPLQDWLRQ
ZDVXVHGWRPHDVXUHYROXPHDQGVWUXFWXUHRIWKHWK\URLGJODQG6FRUHVRI
WKH+$'VXEVFDOHRIGHSUHVVLRQ!ZHUHFRQVLGHUHGDVSRVLWLYHIRUGHSUHV
VLRQ7KHHFKRJUDPZDVFRQVLGHUHGDVQRUPDOLIWK\URLGJODQGKDGQRUPDO
YROXPHDQGGLIIXVHKRPRJHQHRXVDQGLVRHFKRJHQHRXVVWUXFWXUH
5HVXOWV'HSUHVVLRQZDVIRXQGLQSDWLHQWV,WZDVVLJQL¿FDQWO\
PRUH SUHYDOHQW LQ SDWLHQWV ZLWK WK\URLG DEQRUPDOLWLHV LQ FRPSDULVRQ WR
VXEMHFWVZLWKQRUPDOWK\URLGJODQGYVUHVSHFWLYHO\S"
DQGVXEMHFWVZLWKDEQRUPDOWK\URLGJODQGKDGKLJKHUFKDQFHWREHGHSUHVVHG
25 >&,@7KLVGLIIHUHQFHZDVVLJQL¿FDQWLQZRPHQ
YVS 25 >&,@EXWQRWLQPHQYV
S!25 >&,@
&RQFOXVLRQV LQ SULPDU\ FDUH VHWWLQJ GHSUHVVLRQ LV UHODWHG WR VWUXFWXUDO
DEQRUPDOLWLHVRIWK\URLGJODQGLQZRPHQEXWQRWLQPHQ
32
,PPXQH3DUDPHWHUVLQ3DWLHQWVZLWK'HSUHVVLRQYHUVXV
+HDOWK\&RQWUROVGXULQJDQ2SHQ/DEHO3ODFHER&RQWUROOHG
5DQGRPL]HG7ULDORI5HER[HWLQHDQG&HOHFR[LE
5LFKDUG0XVLO
*HUPDQ\
06FKZDU]05LHGHO6'HKQLQJ$0OOHU$UHQGV
$&HURYHFNL,6SHOOPDQQ10OOHU
,QWURGXFWLRQ%HVLGHVWKHPRQRDPLQHUJLFK\SRWKHVLVRIPDMRUGHSUHVVLRQ
WKHUHLVLQFUHDVLQJHYLGHQFHIRUWKHLQYROYHPHQWRIDQLPPXQHSURFHVVLQWKH
SDWKRSK\VLRORJ\RIPDMRUGHSUHVVLRQLQGLFDWHGE\DOWHUHGLPPXQHSDUDP
HWHUVSURSRVLQJDF\WRNLQHRUPRQRF\WLFK\SRWKHVLVRIGHSUHVVLRQ3UHYLRXV
VWXGLHVFRXOGGHPRQVWUDWHHOHYDWHGOHYHOVRISURLQÀDPPDWRU\F\WRNLQHVDV
ZHOO DV HOHYDWHG3*( OHYHOV VXJJHVWLQJ DQ LQÀDPPDWRU\ FRQWULEXWLRQ LQ
WKHSDWKRJHQHVLVRIGHSUHVVLRQ&HOHFR[LELVD&2;LQKLELWRUOHDGLQJWR
DUHGXFHGSURGXFWLRQRI3*(DQGLVWKXVDPDUNHGLQKLELWRURILQÀDPPD
WLRQ:HFRQGXFWHGDQRSHQODEHOUDQGRPL]HGDQGSODFHERFRQWUROOHGWULDO
RI FHOHFR[LE DV DGGRQ WKHUDS\ LQ SDWLHQWV ZLWKPDMRU GHSUHVVLRQ WUHDWHG
ZLWK UHER[HWLQH D SRWHQW VHOHFWLYHQRUDGUHQHUJLF UHXSWDNH LQKLELWRU :H
ZHUHLQWHUHVWHGWRVHHRQWKHRQHKDQGDQ\HIIHFWVRIWKHPHGLFDWLRQXSRQ
WKHPHDVXUHGLPPXQHSDUDPHWHUVDORQJWKHVWXG\SHULRGDQGRQWKHRWKHU
KDQGSRVVLEOHGLIIHUHQFHVLQLPPXQHSDUDPHWHUVEHWZHHQGHSUHVVHGSDWLHQWV
DQGFRQWUROV7KHJRDORIWKLVSRVWHULVWRSUHVHQWWKHUHVXOWVRIWKHPHDVXUHG
LPPXQHSDUDPHWHUVV&'7*)ȕDQG0,)
0HWKRGV )RUW\ SDWLHQWVZLWK GHSUHVVLRQ DQG  KHDOWK\ FRQWUROV SDUWLFL
SDWHGLQWKHVWXG\$IWHUDZDVKRXWSHULRGRIDWOHDVWWZRGD\VWKHSDWLHQWV
ZHUHWUHDWHGZLWKUHER[HWLQHDQGFHOHFR[LERUSODFHER,PPXQHSDUDPHWHUV
IURPGHSUHVVHGSDWLHQWVZHUHPHDVXUHGIURPVHUXPDWEDVHOLQHZHHNWKUHH
DQGZHHN¿YHXVLQJVWDQGDUG(/,6$NLWVDQGFRPSDUHGZLWKLPPXQHSD
UDPHWHUVIURPKHDOWK\FRQWUROVPHDVXUHGDWEDVHOLQHDQGZHHNWKUHH
5HVXOWV'HSUHVVHGSDWLHQWV VKRZHG VLJQL¿FDQWO\ HOHYDWHG0,) S
DQGUHGXFHG7*)ȕS FRQFHQWUDWLRQVDWDOOVWXG\YLVLWV7KHUHZDV
QR GLIIHUHQFH LQ V&'FRQFHQWUDWLRQ FRPSDUHG ZLWK KHDOWK\ FRQWUROV
7KHUHZDVQRGLIIHUHQFHEHWZHHQ WKHSODFHERJURXSDQG WKHYHUXPJURXS
DQGQRFKDQJHRYHUWKHSHULRGRIWKHVWXG\
&RQFOXVLRQV &HOHFR[LE DV DGGRQ VWUDWHJ\ LQ WKH WUHDWPHQW RI GHSUHVVHG
SDWLHQWVUHVXOWHGLQDVLJQL¿FDQWUHGXFWLRQRI0$'56VFRUHLQWKHYHUXP
JURXSFRPSDUHGZLWKWKHSODFHERJURXSUHVXOWVSUHVHQWHGE\0OOHUHWDO
$VWKHUHZHUHQRGLIIHUHQFHVEHWZHHQWKHWZRWUHDWPHQWJURXSVLQLPPXQH
SDUDPHWHUVRYHUWLPHFHOHFR[LEVHHPVWRKDYHQRLQÀXHQFHRQ0,)7*)ȕ
RUV&'FRQFHQWUDWLRQV LQRXU LQYHVWLJDWHGJURXS:HDOVRIRXQGQRGLI
IHUHQFHV LQ V&'FRQFHQWUDWLRQVEHWZHHQGHSUHVVHGSDWLHQWVDQGKHDOWK\
FRQWUROV ZKLFK JRHV DORQJ ZLWK D FRQWURYHUV\ FRQFHUQLQJ PRQRF\WLF
IXQFWLRQDOVWDWXVLQPDMRUGHSUHVVLRQ%XWWKHVLJQL¿FDQWO\HOHYDWHGOHYHOVRI
0,)DQGUHGXFHGOHYHOVRI7*)ȕRIGHSUHVVHGSDWLHQWVFRPSDUHGWRKHDOWK\
FRQWUROVZHUH KLJKO\ VXUSULVLQJ DQGPD\ UHÀHFW D SDWKRJHQHWLF IHDWXUH RI
DOWHUHGLPPXQHVWDWHLQPDMRUGHSUHVVLRQ$VWKHUHZDVQRFKDQJHRYHUWLPH
WKHVHSDUDPHWHUVPD\VWDQGDVWUDLWPDUNHUVIRUPDMRUGHSUHVVLRQUDWKHUWKDQ
VWDWHPDUNHUV0,)LVFRVHFUHWHGZLWK$&7+IURPWKHSLWXLWDU\JODQGDQG
DVWKH+3$D[LVLVNQRZQWREHDOWHUHGLQPDMRUGHSUHVVLRQ0,)PLJKWEH
DKLJKO\LQWHUHVWLQJFDQGLGDWHIRUIXUWKHULQYHVWLJDWLRQVRIDOWHUHGLPPXQH
SDUDPHWHUVLQGHSUHVVLRQ
32
6HUXP/HYHOVRIV,/5V71)Į5DQGV,&$0DUH
$VVRFLDWHGZLWK'HSUHVVLRQGXULQJ,)1Į7UHDWPHQWRI
0HODQRPD
0DUWLQ6FKDHIHU
&KDULWp8QLYHUVLW\0HGLFLQH%HUOLQ'HSDUWPHQWRI3V\FKLDWU\
&DPSXV&KDULWp0LWWH*HUPDQ\
$VWULG)ULHEH*HVD-DQVVHQ0DWWKLDV9RONHQDQGW
0DUNXV6FKZDU]
2EMHFWLYHV ,PPXQRPRGXODWRU\ WKHUDS\ ZLWK ,)1Į RIWHQ OHDGV WR
QHXURSV\FKLDWULF VLGH HIIHFWV HVSHFLDOO\ GHSUHVVLRQ 7KH SHULSKHUDO LP
PXQRORJLFDOHYHQWVWKDWDUH¿QDOO\OHDGLQJWRQHXURWUDQVPLWWHUFKDQJHVDQG
GHSUHVVLRQDUHZLGHO\XQNQRZQ2XUDLPZDVWRLQYHVWLJDWHLQPHQWDODQG
SHULSKHUDOLPPXQRORJLFDOFKDQJHVGXULQJWUHDWPHQWZLWK,)1Į
0HWKRGV  PHODQRPD SDWLHQWV ZHUH SURVSHFWLYHO\ LQYHVWLJDWHG GXULQJ
DGMXYDQW WUHDWPHQW ZLWK ,)1ĮDE [ 0LR XQLWVZHHN 'HSUHVVLYH
PRRGFKDQJHVZHUHPHDVXUHGZLWK WKH VHOIUDWLQJGHSUHVVLRQ VFDOH 6'6
=XQJVFDOHEHIRUHDQGGXULQJ ,)1Į WUHDWPHQW6HUXPFRQFHQWUDWLRQVRI
V,/5 VJS V71)Į5 V71)Į5 V,/5 QHRSWHULQ DQG V,&$0
ZHUHPHDVXUHGEHIRUHDQGDIWHUWKUHHPRQWKVRIWUHDWPHQW
5HVXOWV 6'6 GHSUHVVLRQ VFRUHV S    DQG DOO LPPXQH SDUDPHWHUV
S UHVSHFWLYHO\ VJS S  LQFUHDVHG VLJQL¿FDQWO\ GXULQJ
WKHUDS\V,/5U S SUHWUHDWPHQWOHYHOVFRUUHODWHGQHJD
WLYHO\ZLWKGHSUHVVLRQVFRUHVDIWHUPRQWKVDQGV71)Į5U S 
DQGV,&$0U S SUHWUHDWPHQWOHYHOVFRUUHODWHG
SRVLWLYHO\ZLWKGHSUHVVLRQVFRUHVDIWHUPRQWKVRIWKHUDS\
&RQFOXVLRQV 3DWLHQWV FKDUDFWHUL]HG E\ DQ DQWLLQÀDPPDWRU\ SUHWUHDW
PHQWFRQGLWLRQ ORZV,/5DQGKLJKV71)5 OHYHOVDQGKLJK OHYHOVRI
V,&$0 WKDWPLJKW LQGLFDWHDQDFWLYDWHGDQGDOWHUHGEORRGEUDLQEDUULHU
HQGRWKHOLXP KDG D KLJKHU YXOQHUDELOLW\ IRU GHYHORSLQJ GHSUHVVLRQ GXULQJ
,)1ĮWKHUDS\
!&&%#4)6%¬$)3/2$%23¬5.)0/,!2	¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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&RJQLWLYH%HKDYLRUDO%LEOLRWKHUDS\LV(IIHFWLYHLQ'HSUHVVLRQ
06FKO|JHOKRIHU
8QLYHUVLW\+RVSLWDOIRU3V\FKLDWU\'HSDUWPHQWRI*HQHUDO
3V\FKLDWU\0HGLFDO8QLYHUVLW\9LHQQD$XVWULD
*:LHVHJJHU)/HLVFK+(GHU03ULHVFK8%DLOHU
8,W]OLQJHU*-|UJO$6FKRVVHU.+RUQLN8:LOOLQJHU
+1$VFKDXHU
2EMHFWLYHV&RJQLWLYHEHKDYLRUDOSV\FKRWKHUDS\LQFRPELQDWLRQZLWKSKDU
PDFRWKHUDS\ZDVVKRZQWREHVXSHULRURYHUHDFKWUHDWPHQWVWUDWHJ\DORQH
$ERYH WKDW UHFHQW LQYHVWLJDWLRQV LQGLFDWH WKDW %LEOLRWKHUDS\ ± D JXLGHG
VHOIKHOSPDQXDOZKLFKXVHVFRJQLWLYHEHKDYLRXUDO LQWHUYHQWLRQVWUDWHJLHV
±VLJQL¿FDQWO\UHGXFHVERWKWKHVFRUHVRIWKH+DPLOWRQ5DWLQJ6FDOHIRU'H
SUHVVLRQ+$0'DQGRIWKH%HFN'HSUHVVLRQ,QYHQWRU\%',LQGHSUHVVHG
SDWLHQWVFRPSDUHGWRFRQWUROV7KLVVWXG\ZDVDLPHGWRVXEVWDQWLDWHWKHSRV
VLEOHHI¿FDF\RI%LEOLRWKHUDS\
0HWKRGV7KH LQFOXVLRQ FULWHULRQ IRU SDUWLFLSDWLRQ LQ WKH VWXG\ZDV SUHV
HQFH RI WKH GLDJQRVLV RI D SDUWLDOO\ UHPLWWHG 0DMRU 'HSUHVVLYH 'LVRUGHU
RU '\VWK\PLD GLDJQRVHG E\ VWDQGDUGL]HG LQWHUYLHZ FOLQLFDO H[DPLQDWLRQ
DQG SDWLHQW KLVWRU\ E\ H[SHULHQFHG SV\FKLDWULVWV '60 ,975$IWHU DQ
REVHUYDWLRQUXQLQSHULRGRIZHHNVSDWLHQWVQ PDOHIHPDOH
PHDQDJH\UVZHUHUDQGRPO\DOORFDWHGWRWZRJURXSVVWDUWLQJWRUHDG
WKHERRNLPPHGLDWHO\IRUZHHNVWUHDWPHQWJURXSQ RUWRUHPDLQLQ
REVHUYDWLRQIRUZHHNVZDLWLQJJURXSQ 7KH%LEOLRWKHUDS\ERRNZDV
WKH*HUPDQYHUVLRQRI³)HHOLQJJRRG´E\'%XUQV0RUHWKDQRIWKH
SDWLHQWVZHUHWUHDWHGZLWKRQHRUPRUHDQWLGHSUHVVDQWVLQFOLQLFDOO\VXI¿FLHQW
GRVHVGXULQJWKHZKROHZHHNVVWXG\SHULRGDQGEHIRUH7KHUHVWFRXOG
QRW WROHUDWH GRVLQJ RI DQ DQWLGHSUHVVDQW LQ XVXDOO\ UHFRPPHQGHG UDQJH
$OWKRXJK SDWLHQWV ZHUH WKHUHIRUH VXI¿FLHQWO\ WUHDWHG E\ DQWLGHSUHVVDQWV
WKH\ RQO\ VKRZHG SDUWLDO UHPLVVLRQ WKLV ZDV H[DPLQHG DW VFUHHQLQJ DQG
IRUIXUWKHUZHHNVUXQLQSHULRGEHIRUHUDQGRPLVDWLRQ'XULQJWKHUXQLQ
SHULRGRIZHHNVEHIRUHUDQGRPLVDWLRQWKHUHZDVQRVLJQL¿FDQWUHGXFWLRQRI
+$0'SRU%',SLQERWKJURXSVDQGDOWRJHWKHU:HWHVWHG
LISDWLHQWVVKRZFKDQJHVLQVFRUHVRIWKH+$0'REVHUYHUUDWLQJDQG%',
VHOIUDWLQJDIWHUUDQGRPLVDWLRQ
5HVXOWV $IWHU UDQGRPLVDWLRQ DQG UHFHLYLQJ %LEOLRWKHUDS\ IRU  ZHHNV
SDWLHQWVVKRZHGDVLJQL¿FDQWUHGXFWLRQRI+$0'SDQG%',S
2QWKHRWKHUKDQGWKHSDWLHQWVUDQGRPL]HGWRWKHZHHNVZDLWLQJ
JURXSGLGQRWVKRZDVLJQL¿FDQWUHGXFWLRQLQ+$0'DQG%',
&RQFOXVLRQV:H¿QGSUHOLPLQDU\HYLGHQFHWKDWGXULQJ%LEOLRWKHUDS\WUHDW
PHQWSDWLHQWVSDUWLDOO\UHPLWWHGWRDQWLGHSUHVVDQWVVKRZDVLJQL¿FDQWUHGXF
WLRQLQVHYHULW\RIGHSUHVVLRQ
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'HSUHVVLRQDQG'HSHUVRQDOL]DWLRQ
'HMDQD6WHYFLF
&OLQLFIRU3V\FKLDWU\<XJRVODYLD
2OLYHUD=LNLF
2EMHFWLYHV ,W KDVEHHQ LGHQWL¿HG UHODWLYHO\KLJKSUHYDOHQFHRIGHSHUVRQ
DOL]DWLRQ V\PSWRPDWRORJ\ LQ XQLSRODU GHSUHVVLRQ DV ZHOO DV LQ ELSRODU
GHSUHVVLRQ 'HSHUVRQDOL]DWLRQ V\PSWRPDWRORJ\ FDQ EH PDQLIHVWHG ZLWKLQ
WKHFRQWLQXXPUDQJLQJIURPYHU\PLOGZKLFKFRXOGDSSHDUHYHQLQKHDOWK\
SRSXODWLRQXSWRWKHH[WUHPHO\SURPLQHQWV\PSWRPDWRORJ\LQVFKL]RSKUHQLD
DQGGHSHUVRQDOL]DWLRQGLVRUGHU7KHREMHFWLYHRIRXUUHVHDUFKZDVWRH[SORUH
WKH H[LVWHQFH RI D VSHFL¿F LQFUHDVH RI WKH GHSHUVRQDOL]DWLRQ GLPHQVLRQ LQ
SDWLHQWVVXIIHULQJIURPGHSUHVVLRQ
0HWKRGV ([SHULPHQWDO DQG FRQWURO JURXS QXPEHUHG  PHPEHUV HDFK
$ VWUXFWXUHG TXHVWLRQQDLUH IRU REWDLQLQJ VRFLRGHPRJUDSKLF DQG PHGLFDO
KLVWRU\ GDWD ZDV XVHG 'HSHUVRQDOL]DWLRQ V\PSWRPDWRORJ\ ZDV HVWLPDWHG
DFFRUGLQJWRWKH&DPEULGJH'HSHUVRQDOL]DWLRQ6FDOH&'6)RUGHWHUPLQ
LQJWKHOHYHORIGHSUHVVLYHGLVRUGHUPLOGPRGHUDWHPRGHUDWHO\KLJKKLJK
ZHXVHG7KH3DWLHQW+HDOWK4XHVWLRQQDLUH3+4
5HVXOWV5HVXOWVLQGLFDWHWKDWSDWLHQWVZLWKGHSUHVVLRQKDYHPXFKKLJKHUOHY
HOVRIGHSHUVRQDOL]DWLRQLQFRPSDULVRQWRWKHKHDOWK\SRSXODWLRQS 
'HSUHVVLRQ LQWHQVLW\ VWDQGV LQ SRVLWLYH FRUUHODWLRQ WR OHYHOV RI GHSHUVRQ
DOL]DWLRQS 'HSHUVRQDOL]DWLRQLVPRUHSURPLQHQWLQPRUHVHYHUH
GHSUHVVLRQPRGHUDWHO\KLJKDQGKLJK7KHUHDUHQRVLJQL¿FDQWFRUUHODWHVLQ
WHUPVRIHGXFDWLRQHSLVRGHGXUDWLRQLOOQHVVGXUDWLRQLOOQHVVKLVWRU\DQGWKH
PRGDOLW\RIRQVHWRIWKHLOOQHVVJUDGXDORUDEUXSW
&RQFOXVLRQV7KHUHLVFRQQHFWLRQEHWZHHQLQWHQVLW\RIGHSUHVVLRQDQGRF
FXUUHQFHRIGHSHUVRQDOL]DWLRQV\PSWRPDWRORJ\
5HIHUHQFHV
1XOOHU </  'HSHUVRQDOL]DWLRQ±±6\PSWRPV PHDQLQJ WKHUDS\
$FWD3V\FKLDWU6FDQGSS±
%DNHU'+XQWHU(/DZUHQFH(0HGIRUG13DWHO06HQLRU&6LHUUD
0 /DPEHUW09 3KLOOLSV0/ 'DYLG$6     'HSHUVRQDOLVDWLRQ
GLVRUGHUFOLQLFDOIHDWXUHVRIFDVHV%ULWLVKMRXUQDORISV\FKLDWU\

/DPEHUW 09 6HQLRU & )HZWUHOO :'3KLOOLSV 0/ 'DYLG$6 
3ULPDU\ DQG VHFRQGDU\ GHSHUVRQDOLVDWLRQ GLVRUGHU D SV\FKRPHWULF VWXG\
-RXUQDORI$IIHFWLYH'LVRUGHUV±
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3HUIRUPDQFH,PSURYHPHQWRI'HSUHVVLYH3DWLHQWV
3DUWLFLSDWLQJLQ&RPSXWHU%DVHG&RJQLWLYH7UDLQLQJZLWK
;&RJ
:ROIJDQJ7UDSS
.OLQLNIU3V\FKLDWULHXQG3V\FKRWKHUDSLH%DPEHUJ*HUPDQ\
,QHV0HLQHO$OH[DQGHU+DVPDQQ:LOIULHG*QWKHU
0DWWKLDV'REPHLHU
2EMHFWLYHV 7KLV VWXG\ DLPHG WR H[DPLQH SHUIRUPDQFH LPSURYHPHQW RI
GHSUHVVLYHSDWLHQWVSDUWLFLSDWLQJLQFRPSXWHUEDVHGFRJQLWLYHWUDLQLQJZLWK
;&RJ D FRPSDUDEO\YLYLG DQG ³JDPHOLNH´ VRIWZDUH:KLOHGHSUHVVLYH
SDWLHQWV VHHP WRVXIIHU IURPQHXURSV\FKRORJLFDOGH¿FLWVDOVR VHHHJ WKH
UHYLHZRI9HLHOOHDUQLQJWRGHDOZLWKVXFFHVVRUIDLOXUHLQFRJQLWLYH
WUDLQLQJWDVNVPD\KDYHDWKHUDSHXWLFHIIHFWLWVHOI
0HWKRGV  SDWLHQWV VXIIHULQJ IURP XQLSRODU GHSUHVVLRQ ,&' )
) )ZHUH WUDLQHG IRXUZHHNV WKUHH WLPHV DZHHN GXUDWLRQ RQH
KRXUSHUVHVVLRQXVLQJWKHVRIWZDUH;&RJLQGLIIHUHQWZDUGVRIWKH3V\
FKLDWULF+RVSLWDOLQ%DPEHUJ$PDWFKHGVDPSOHRIGHSUHVVLYHSDWLHQWV
VHUYHG DV FRQWURO JURXS DQG UHFHLYHG QR FRJQLWLYH WUDLQLQJ EXW DUWZRUN
WKHUDS\DVDSODFHERWUHDWPHQW&RJQLWLYHSHUIRUPDQFHDQGSV\FKRSDWKRORJ\
ZHUHH[DPLQHGE\QHXURSV\FKRORJLFDOWHVWEDWWHU\DQGSV\FKRSDWKRORJLFDO
VFDOHV
5HVXOWV 7ZRIDFWRULDO 0$129$6 ³WUHDWPHQW´ DV JURXSIDFWRU ³SUH
SRVWWHVW´DVZLWKLQVXEMHFWVIDFWRU UHYHDOHGVLJQL¿FDQW LQWHUDFWLRQHIIHFWV
IRUVHYHUDOFRJQLWLYHPHDVXUHVDVZHOODVGHSUHVVLYHV\PSWRPOHYHOH[SHUL
PHQWDOJURXSLPSURYHGWRDJUHDWHUH[WHQWWKDWWKHFRQWUROJURXSGLG
&RQFOXVLRQV7KLVVWXG\JLYHV¿UVWLQGLFDWLRQVWKDWFRPSXWHUEDVHGFRJQL
WLYHWUDLQLQJFRXOGEHXVHIXOWRLQFUHDVHSHUIRUPDQFHRIFRJQLWLYHIXQFWLRQ
LQJLQGHSUHVVLYHSDWLHQWVDQGPD\EHDQLQWHUHVWLQJVXSSOHPHQWLQEHKDYLRXU
WKHUDS\
5HIHUHQFHV
9HLHO +2)  $ 3UHOLPLQDU\ 3UR¿OH RI 1HXURSV\FKRORJLFDO 'H¿FLWV
$VVRFLDWHGZLWK0DMRU 'HSUHVVLRQ -RXUQDO RI &OLQLFDO DQG ([SHULPHQWDO
1HXURSV\FKRORJ\SS
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1HXURSV\FKRORJLFDO0HDVXUHPHQWLQ'HSUHVVLYH3DWLHQWVXQGHU
(YHU\GD\/LIH&RQGLWLRQV
:ROIJDQJ7UDSS
.OLQLNIU3V\FKLDWULHXQG3V\FKRWKHUDSLH%DPEHUJ*HUPDQ\
6WHIDQLH*RONH$OH[DQGHU+DVPDQQ:LOIULHG*QWKHU
0DWWKLDV'REPHLHU
2EMHFWLYHV7KLVVWXG\DLPHGWRH[DPLQHWKHIHDVLELOLW\RI3HUVRQDO'LJLWDO
$VVLVWDQWV 3'$V LQ PHDVXUHPHQW RI FRJQLWLYH SHUIRUPDQFH ,QVWHDG RI
LQYLWLQJWKHPWRDVLQJOHWHVWVHVVLRQSDWLHQWVUHFHLYHD3'$DQGDUHDVNHG
WRUHSHDWHGO\FRPSOHWHRQHRUPRUHWDVNVXQWLOWKH\DUHXQDEOHWRDFFRPSOLVK
DQ\IXUWKHULPSURYHPHQW%HFDXVHWKLV³WHVWLQJSURFHGXUH´LVREYLRXVO\OHVV
VWUHVVIXODQGWKHSDWLHQWVKDYHDVPDQ\WLPHDVWKH\ZDQWWRJHWIDPLOLDUZLWK
WKH WDVNV WKH LPSDFWRI WHVW DQ[LHW\DQGSRVVLEOHH[SHULHQFHZLWK WKH WHVW
PDWHULDORQSHUIRUPDQFHVKRXOGEHZHDNHU
0HWKRGV  SDWLHQWV VXIIHULQJ IURP XQLSRODU GHSUHVVLRQ ,&' )
)) DW WKH3V\FKLDWULF+RVSLWDO LQ%DPEHUJ UHFHLYHG D3'$ IRU
RQHZHHN)LYHWDVNVRIWKH;&RJ7UDLQLQJVRIWZDUHWKDWZHUHUHZULW
!&&%#4)6%¬$)3/2$%23¬5.)0/,!2	¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
WHQIRU3DOP26KDQGKHOGVKDGWREHSOD\HGDVRIWHQDVSRVVLEOHXQWLOQR
IXUWKHULPSURYHPHQWFRXOGEHUHDFKHG$GGLWLRQDOO\DQHXURSV\FKRORJLFDO
WHVWEDWWHU\ZDVDGPLQLVWHUHG
5HVXOWV$FKLHYHPHQW LQ3'$WDVNVDQGFRJQLWLYH WHVWVZHUHVLJQL¿FDQWO\
FRUUHODWHG'HSUHVVLYHV\PSWRPVZHUHVWURQJHUUHODWHGWRVWDQGDUGDFKLHYH
PHQWWHVWVWKDQWR³3'$PHDVXUHPHQW´
&RQFOXVLRQV,IRXUUHVXOWVFDQEHFRQ¿UPHGE\IXUWKHUVWXGLHV³UHSHDWHG
WHVWLQJE\3'$´PD\EHDQLQWHUHVWLQJFRPSOHPHQWWRVWDQGDUGSV\FKRPHW
ULFWHVWLQJLQWKHIXWXUHHVSHFLDOO\IRUSHUVRQVWKDWDUHSDUWLFXODUO\VHQVLEOH
WRWKHVWUHVVIXOFRQGLWLRQVRIFODVVLFDOSV\FKRPHWULFDFKLHYHPHQWWHVWLQJ
32
$0DMRU613+DSORW\SHRIWKH$UJLQLQH9DVRSUHVVLQE
5HFHSWRU3URWHFWV$JDLQVW5HFXUUHQW0DMRU'HSUHVVLRQ
'YDQ:HVW
'HSDUWPHQWRI0ROHFXODU*HQHWLFV)ODQGHUV,QWHUXQLYHUVLW\
,QVWLWXWHIRU%LRWHFKQRORJ\9,%8QLYHUVLW\RI$QWZHUS8,$
$QWZHUSHQ%HOJLXP8QLYHUVLW\&HQWUHRI&KLOGDQG$GROHVFHQW
3V\FKLDWU\$QWZHUS8&.-$%HOJLXP&ROODERUDWLYH$QWZHUS
3V\FKLDWULF5HVHDUFK,QVWLWXWH&$35,8QLYHUVLW\RI$QWZHUS
8,$$QWZHUS%HOJLXP
-'HO)DYHUR<$XOFKHQNR32VZDOG'6RXHU\7)RUVJUHQ
66OXLMV6%HO.DFHP5$GROIVVRQ-0HQGOHZLF]
&9DQ'XLMQ''HERXWWH&9DQ%URHFNKRYHQ6&ODHV
$LPV,QFUHDVLQJDPRXQWVRIGDWDVXJJHVWWKDWDIIHFWLYHGLVRUGHUVPLJKWEH
UHODWHG WRG\VUHJXODWLRQRI WKHK\SRWKDODPLFSLWXLWDU\DGUHQDO +3$D[LV
RQHRIWKHVWUHVVUHVSRQVHV\VWHPV$UJLQLQHYDVRSUHVVLQ$93LQÀXHQFHV
VHYHUDO V\PSWRPV UHOHYDQW WR DIIHFWLYH GLVRUGHUV QRWDEOH PHPRU\ SURF
HVVHV SDLQ VHQVLWLYLW\ V\QFKURQL]DWLRQ RI ELRORJLFDO UK\WKPV DQG WLPLQJ
DQGTXDOLW\RI5(0VOHHS:HH[DPLQHGZKHWKHUJHQHWLFYDULDWLRQVLQWKH
DUJLQLQHYDVRSUHVVLQUHFHSWRUEJHQH$935EFRXOGEHDVVRFLDWHGZLWK
LQFUHDVHGVXVFHSWLELOLW\WRDIIHFWLYHGLVRUGHUVXVLQJDJHQHEDVHGDVVRFLDWLRQ
DQDO\VLVRIVLQJOHQXFOHRWLGHSRO\PRUSKLVPV613V
0HWKRGV)LYH613VZHUHLGHQWL¿HGLQ$935EDQGJHQRW\SHGLQZHOO
GLDJQRVHGVDPSOHVRISDWLHQWVZLWKUHFXUUHQWPDMRUGHSUHVVLRQVDQGPDWFKHG
FRQWUROV
5HVXOWV,QWKH6ZHGLVKVDPSOHZHREVHUYHGVLJQL¿FDQWDOOHOHS DQG
JHQRW\SHS DVVRFLDWLRQZLWK613$935EVLQWKH%HOJLDQVDPSOH
DERUGHUOLQHVLJQL¿FDQWDVVRFLDWLRQZLWK613$935EVS ,QERWK
SDWLHQWFRQWURO VDPSOHV WKH KDSORW\SH GH¿QHG E\ DOOHOHV$B7B&B$B* IRU
WKH$935EV613VVBVBVBVBVZDVVLJQL¿FDQWO\SRYHUUHS
UHVHQWHGLQFRQWUROVFRPSDUHGWRSDWLHQWV
&RQFOXVLRQV2XUGDWDVXSSRUWDSURWHFWLYHHIIHFWRIWKLVPDMRUKDSORW\SHWR
GHYHORSUHFXUUHQWPDMRUGHSUHVVLRQ
32
6XLFLGDO,GHDWLRQDQG+\SRPDQLF6\PSWRPVLQ'HSUHVVLRQ
)UDQFR%HQD]]L
8QLYHUVLW\RI&DOLIRUQLDDW6DQ'LHJR86$+HFNHU3V\FKLDWU\
5HVHDUFK&HQWHUDW5DYHQQD,WDO\DQG'HSDUWPHQWRI3V\FKLDWU\
RIWKH8QLYHUVLW\RI6]HJHG+XQJDU\DQG'HSDUWPHQWRI3V\FKLD
WU\1DWLRQDO+HDOWK6HUYLFH)RUOL,WDO\,WDO\
2EMHFWLYHV)'$LVVXHGDZDUQLQJDERXWULVNRIVXLFLGDOLGHDWLRQEHKDYLRU
UHODWHGWRDQWLGHSUHVVDQWV6WXG\DLPZDVWR¿QGPDMRUGHSUHVVLYHHSLVRGH
0'(DQGLQWUD0'(K\SRPDQLFV\PSWRPVDVVRFLDWHGZLWKVXLFLGDOLGHD
WLRQ
0HWKRGV&RQVHFXWLYHELSRODU ,, GLVRUGHU %3,, DQGPDMRU GH
SUHVVLYHGLVRUGHU0''RXWSDWLHQWVQ SUHVHQWLQJRIISV\FKRDFWLYH
GUXJV IRU 0'( WUHDWPHQW ZHUH LQWHUYLHZHG E\ WKH 6WUXFWXUHG &OLQLFDO
,QWHUYLHZIRU'60,9DQG+\SRPDQLD,QWHUYLHZ*XLGH0L[HGGHSUHVVLRQ
ZDVGH¿QHGDV0'(SOXVK\SRPDQLFV\PSWRPVIROORZLQJDGH¿QLWLRQ
YDOLGDWHG E\ $NLVNDO DQG %HQD]]L 8QLYDULDWH DQG PXOWLYDULDWH ORJLVWLF
UHJUHVVLRQZHUHXVHGWRWHVWDVVRFLDWLRQV
5HVXOWV 0HDQ6'DJH RI WKH VDPSOH ZDV \HDUV IHPDOHV ZHUH
 PHDQ6'*$) VFRUH ZDV   KDG PL[HG GHSUHV
VLRQ %3,,  0''   %3,, KDG PL[HG GHSUHVVLRQ
 0'' KDG PL[HG GHSUHVVLRQ  KDG VXLFLGDO LGHDWLRQ %3
,, 0'' ,QWUD0'(K\SRPDQLFV\PSWRPVZHUHHOHYDWHG
PRRG LQÀDWHGVHOIHVWHHP OHVVQHHGIRUVOHHS LQFUHDVHG
JRDOGLUHFWHG DFWLYLW\  ULVN\ EHKDYLRUV  PRUH WDONDWLYH
QHVV  SV\FKRPRWRU DJLWDWLRQ  LUULWDELOLW\  UDFLQJ
FURZGHG WKRXJKWV  GLVWUDFWLELOLW\  0XOWLYDULDWH ORJLVWLF
UHJUHVVLRQ RI0'( V\PSWRPV YHUVXV VXLFLGDO LGHDWLRQ IRXQG WKDW ZRUWK
OHVVQHVV ZDV VLJQL¿FDQW LQGHSHQGHQW SUHGLFWRU 25  &, 
S 0XOWLYDULDWHORJLVWLFUHJUHVVLRQRILQWUD0'(K\SRPDQLFV\PS
WRPV YHUVXV VXLFLGDO LGHDWLRQ IRXQG WKDW SV\FKRPRWRU DJLWDWLRQ 25 
&, S UDFLQJFURZGHGWKRXJKWV25 &, 
S DQGPRUH WDONDWLYHQHVV25 &, S 
ZHUH VLJQL¿FDQW LQGHSHQGHQW SUHGLFWRUV 7KH VDPH DQDO\VHV LQ %3,, DQG
0''VDPSOHVKDGVLPLODUUHVXOWV
&RQFOXVLRQV /RZ VHOIHVWHHP DQG VXLFLGDO LGHDWLRQ ZHUH DVVRFLDWHG
VXJJHVWLQJSRVVLEOHXVHIXOQHVVRIFRJQLWLYHSV\FKRWKHUDS\>@5DFLQJ
FURZGHG WKRXJKWVDQGSV\FKRPRWRUDJLWDWLRQZHUH LQGHSHQGHQWSUHGLFWRUV
RIVXLFLGDOLGHDWLRQ:KLOHFURVVVHFWLRQDODVVRFLDWLRQVFDQQRWVKRZDFDXVDO
DVVRFLDWLRQFOLQLFDOREVHUYDWLRQV>@VXJJHVWWKDWPL[HGGHSUHVVLRQPD\
EHFRPHPRUHVHYHUHE\XVLQJDQWLGHSUHVVDQWVDORQHHYHQEHLQJDVVRFLDWHG
ZLWK VXLFLGDO LGHDWLRQ 6XSSRUWLQJ WKHVH REVHUYDWLRQV DUH WZR SURVSHFWLYH
VWXGLHVVKRZLQJWKDWPL[HGF\FOLQJHSLVRGHVZHUHDULVNIDFWRURIVXLFLGDO
EHKDYLRU>@$QWLGHSUHVVDQWVFDQLQGXFHPRUHVZLWFKLQJLQPL[HGYHU
VXV QRQPL[HG ELSRODU GHSUHVVLRQ >@ ,W KDV EHHQ VXJJHVWHG WKDW UDFLQJ
WKRXJKWVDQGSV\FKRPRWRUDJLWDWLRQVKRXOGEH¿UVWWUHDWHGE\PRRGVWDELOLV
LQJDJHQWVEHIRUHVWDUWLQJWKHDQWLGHSUHVVDQWV>@/LWKLXPPLJKWEHWKH
¿UVWPRRGVWDELOLVLQJWRWU\>@
5HIHUHQFHV
+HDO\'/LQHVRIHYLGHQFHRQWKHULVNVRIVXLFLGHZLWKVHOHFWLYH
VHURWRQLQUHXSWDNHLQKLELWRUV3V\FKRWKHU3V\FKRVRP
 +HDO\ ':KLWDNHU & $QWLGHSUHVVDQWV DQG VXLFLGH ULVNEHQH¿W
FRQXQGUXPV-3V\FKLDWU\1HXURVFL
 KWWSZZZIGDJRYFGHUGUXJDQWLGHSUHVVDQWV$QWLGHSUHVVDQWV3+$KWP
DFFHVVHG-XQH
$NLVNDO+6%HQD]]L) )DPLO\KLVWRU\YDOLGDWLRQRI WKHELSRODU
QDWXUHRIGHSUHVVLYHPL[HGVWDWHV-$IIHFW'LVRUG
 %HQD]]L ) $NLVNDO +6  5H¿QLQJ WKH HYDOXDWLRQ RI ELSRODU ,,
EH\RQGWKHVWULFW6&,'&9JXLGHOLQHVIRUK\SRPDQLD-$IIHFW'LVRUG

%HQD]]L)0DMRUGHSUHVVLYHGLVRUGHUZLWKDQJHUDELSRODUVSHF
WUXPGLVRUGHU"3V\FKRWKHU3V\FKRVRP
 )LUVW 0% 6SLW]HU 5/ *LEERQ 0 :LOOLDPV -%:  6WUXFWXUHG
FOLQLFDOLQWHUYLHZIRU'60,9D[LV,GLVRUGHUVFOLQLFLDQYHUVLRQ6&,'&9
$PHULFDQ3V\FKLDWULF3UHVV:DVKLQJWRQ'&
:LOOLDPV -%: 7HUPDQ 0 /LQN 0-$PLUD / 5RVHQWKDO 1( 
+\SRPDQLD LQWHUYLHZ JXLGH LQFOXGLQJ K\SHUWK\PLD &XUUHQW DVVHVVPHQW
YHUVLRQ+,*+&&OLQLFDO$VVHVVPHQW7RROV3DFNHW&HQWHUIRU(QYLURQ
PHQWDO7KHUDSHXWLFV1RUZRRG1-
 %HQD]]L ) :KLFK FRXOG EH D FOLQLFDOO\ XVHIXO GH¿QLWLRQ RI GH
SUHVVLYH PL[HG VWDWH" 3URJ 1HXURSV\FKRSKDUPDFRO %LRO 3V\FKLDWU\ 

 %HQD]]L )  %LSRODU ,, GHSUHVVLYHPL[HG VWDWH ¿QGLQJ D XVHIXO
GH¿QLWLRQ&RPSU3V\FKLDWU\
%HQD]]L)LQSUHVV)DPLO\KLVWRU\YDOLGDWLRQRIDGH¿QLWLRQRIPL[HG
GHSUHVVLRQ&RPSU3V\FKLDWU\
)DYD*$2WWROLQL)5XLQL&7KHUROHRIFRJQLWLYHEHKDYLRXUDO
WKHUDS\ LQ WKH WUHDWPHQWRIXQLSRODUGHSUHVVLRQ$FWD3V\FKLDWU6FDQG

 )DYD*$ :HOOEHLQJ WKHUDS\ FRQFHSWXDO DQG WHFKQLFDO LVVXHV
3V\FKRWKHU3V\FKRVRP
.RXNRSRXORV$.RXNRSRXORV$$JLWDWHGGHSUHVVLRQDVDPL[HG
VWDWH DQG WKH SUREOHP RIPHODQFKROLD 3V\FKLDWU&OLQ1RUWK$P 

$NLVNDO+63LQWR27KHHYROYLQJELSRODUVSHFWUXPSURWRW\SHV
,,,,,,DQG,93V\FKLDWU&OLQ1RUWK$P
0DVHU -'$NLVNDO+6 6FKHWWOHU 3 6FKHIWQHU:0XHOOHU7(QGLFRWW
- 6RORPRQ'&OD\WRQ3 &DQ WHPSHUDPHQW LGHQWLI\ DIIHFWLYHO\ LOO
SDWLHQWVZKR HQJDJH LQ OHWKDO RU QHDUOHWKDO VXLFLGDO EHKDYLRU"$ \HDU
SURVSHFWLYHVWXG\6XLFLGH/LIH7KUHDW%HKDY
$OOHQ0+&KHVVLFN&$*ROGEHUJ-)%LSRODUGLVRUGHUZLWKDQG
ZLWKRXW VXLFLGDO LGHDWLRQ DQG EHKDYLRU$PHULFDQ 3V\FKLDWULF$VVRFLDWLRQ
DQQXDOPHHWLQJ1HZ5HVHDUFK$EVWUDFW151HZ<RUN
%RWWOHQGHU56DWR7.OHLQGLHQVW16WUDXV]$0ROOHU+-0L[HG
GHSUHVVLYHIHDWXUHVSUHGLFWPDQLIRUPVZLWFKGXULQJWUHDWPHQWRIGHSUHVVLRQ
!&&%#4)6%¬$)3/2$%23¬5.)0/,!2	¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
LQELSRODU,GLVRUGHU-$IIHFW'LVRUG
%HQD]]L)'R665,VFDXVHVXLFLGH"3V\FKRWKHU3V\FKRVRP

%HQD]]L) +RZFRXOGDQWLGHSUHVVDQWVZRUVHQXQLSRODUGHSUHV
VLRQ"3V\FKRWKHU3V\FKRVRP
%HQD]]L)+RZWRWUHDWELSRODU,,GHSUHVVLRQDQGELSRODU,,PL[HG
GHSUHVVLRQ",QW-1HXURSV\FKRSKDUPDFRO
 %HQD]]L ) +HOPL 6 %ODQG / $JLWDWHG GHSUHVVLRQ XQLSRODU"
ELSRODU"RUERWK"
$QQ&OLQ3V\FKLDWU\
 %DOGHVVDULQL 5- 7RQGR / +HQQHQ -  /LWKLXP WUHDWPHQW DQG
VXLFLGH ULVN LQPDMRU DIIHFWLYH GLVRUGHUV XSGDWH DQGQHZ¿QGLQJV -&OLQ
3V\FKLDWU\VXSSO
32
0L[HG'HSUHVVLRQ$9DOLGDWLRQ6WXG\
)UDQFR%HQD]]L
8QLYHUVLW\RI&DOLIRUQLDDW6DQ'LHJR86$+HFNHU3V\FKLDWU\
5HVHDUFK&HQWHUDW5DYHQQD,WDO\DQG'HSDUWPHQWRI3V\FKLDWU\
RIWKH8QLYHUVLW\RI6]HJHG+XQJDU\DQG'HSDUWPHQWRI3V\FKLD
WU\1DWLRQDO+HDOWK6HUYLFH)RUOL,WDO\,WDO\
2EMHFWLYHV$UHFHQWVHULHVRIVWXGLHVE\LQGHSHQGHQWJURXSVKDYHIRXQGWKDW
PL[HGGHSUHVVLRQLHGHSUHVVLRQZLWKLQWUDGHSUHVVLRQK\SRPDQLFV\PS
WRPVLVFRPPRQLQGHSUHVVHGRXWSDWLHQWV6WXG\DLPZDVWRWHVWGLIIHUHQW
GH¿QLWLRQVRIPL[HGGHSUHVVLRQ
0HWKRGV &RQVHFXWLYH  ELSRODU,, %3,, DQG  PDMRU GHSUHVVLYH
GLVRUGHU0''QRQWHUWLDU\FDUHRXWSDWLHQWVZHUHLQWHUYLHZHGE\DVHQLRU
SV\FKLDWULVWZLWKWKH6WUXFWXUHG&OLQLFDO,QWHUYLHZIRU'60,96&,'&9
WKH +\SRPDQLD ,QWHUYLHZ *XLGH DQG WKH )DPLO\ +LVWRU\ 6FUHHQ ZKHQ
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LQWHUYLHZHGE\ WKH6WUXFWXUHG&OLQLFDO ,QWHUYLHZIRU'60,96&,' WKH
+\SRPDQLD ,QWHUYLHZ*XLGH DQG WKH )DPLO\+LVWRU\ 6FUHHQ E\ D VHQLRU
SV\FKLDWULVW LQ D SULYDWH SUDFWLFH ,QWUD0'( K\SRPDQLF V\PSWRPV ZHUH
V\VWHPDWLFDOO\ DVVHVVHG 0L[HG GHSUHVVLRQ ZDV GH¿QHG DV DQ 0'( SOXV
LQWUD0'(K\SRPDQLFV\PSWRPV
5HVXOWV'LPHQVLRQDOGH¿QLWLRQVRIPL[HGGHSUHVVLRQDWOHDVWRU
PRUHLQWUD0'(K\SRPDQLFV\PSWRPVZHUHWHVWHGIRUSUHGLFWLQJ%3,,$
GH¿QLWLRQUHTXLULQJRUPRUHK\SRPDQLFV\PSWRPVKDGWKHKLJKHVWVHQVL
WLYLW\EXWWKHORZHVWVSHFL¿FLW\DQGWKHORZHVWSRVLWLYHSUHGLFWLYHYDOXH$
GH¿QLWLRQUHTXLULQJRUPRUHK\SRPDQLFV\PSWRPVKDGWKHKLJKHVWVSHFL¿
FLW\EXWWKHORZHVWVHQVLWLYLW\DQGWKHKLJKHVWSRVLWLYHSUHGLFWLYHYDOXH7KH
PRVWEDODQFHGFRPELQDWLRQRI VHQVLWLYLW\ DQGVSHFL¿FLW\ 
ZDVIRXQGIRUDGH¿QLWLRQUHTXLULQJRUPRUHK\SRPDQLFV\PSWRPV7KLV
GH¿QLWLRQKDGWKHKLJKHVWSRVLWLYHSUHGLFWLYHYDOXHDQGWKHKLJK
HVW52&DUHD LH WKHEHVWJOREDOSHUIRUPDQFH7KLVGH¿QLWLRQKDG
DOVR WKHPRVWEDODQFHGFRPELQDWLRQRI VHQVLWLYLW\ DQG VSHFL¿FLW\
IRUSUHGLFWLQJELSRODUIDPLO\KLVWRU\,QRUGHUWRYDOLGDWHWKLVGH¿QL
WLRQ DV D FOLQLFDOPDUNHU RI%3,, DV ELSRODU YDOLGDWRUVZHUH XVHG%3,,
\RXQJ RQVHW PDQ\ UHFXUUHQFHV DW\SLFDO GHSUHVVLRQ IHDWXUHV DQG ELSRODU
IDPLO\KLVWRU\WKHPRVWLPSRUWDQWRQH8QLYDULDWHORJLVWLFUHJUHVVLRQIRXQG
WKDW WKLVGH¿QLWLRQZDVDVVRFLDWHGZLWKPRVWELSRODUYDOLGDWRUVHVSHFLDOO\
ELSRODUIDPLO\KLVWRU\0XOWLSOHORJLVWLFUHJUHVVLRQIRXQGWKDWELSRODUIDPLO\
KLVWRU\ZDVLWVVWURQJHVWSUHGLFWRURGGVUDWLR 
&RQFOXVLRQV)LQGLQJVVXJJHVWWKDWDGH¿QLWLRQRIPL[HGGHSUHVVLRQUHTXLU
LQJ  RUPRUH LQWUD0'( K\SRPDQLF V\PSWRPVPD\ EH D XVHIXO FOLQLFDO
PDUNHUIRUSUHGLFWLQJWKHGLDJQRVLVRI%3,,3UHVHQFHRIPL[HGGHSUHVVLRQ
VKRXOGOHDGWRVNLOOIXOSURELQJIRUKLVWRU\RIK\SRPDQLDZKLFKZRXOGSURE
DEO\ UHGXFH WKH %3,, PLVGLDJQRVHG DV0'' )LQGLQJVPD\ DOVR LPSDFW
WUHDWPHQWRI%3,,DVLQWUD0'(K\SRPDQLFV\PSWRPVPD\EHFRPHPRUH
VHYHUH E\ DQWLGHSUHVVDQWV DORQH DQGPRRG VWDELOLVLQJ DJHQWV PD\ EH UH
TXLUHGEHIRUHRUFRQFXUUHQWO\ZLWKDQWLGHSUHVVDQWV
5HIHUHQFHV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$NLVNDO+6%HQD]]L))DPLO\KLVWRU\YDOLGDWLRQRIWKHELSRODUQD
WXUHRIGHSUHVVLYHPL[HGVWDWHV-$IIHFW'LVRUG
$QJVW-*DPPD$%HQD]]L)$MGDFLF9(LFK'5RVVOHU:7RZDUG
DUHGH¿QLWLRQRIVXEWKUHVKROGELSRODULW\HSLGHPLRORJ\DQGSURSRVHGFULWH
ULD IRUELSRODU,,PLQRUELSRODUGLVRUGHUVDQGK\SRPDQLD-$IIHFW'LVRUG

%HQD]]L):KLFKFRXOGEHDFOLQLFDOO\XVHIXOGH¿QLWLRQRIGHSUHVVLYH
PL[HGVWDWH"3URJ1HXURSV\FKRSKDUPDFRO%LRO3V\FKLDWU\
%HQD]]L)%LSRODU,,GHSUHVVLYHPL[HGVWDWH¿QGLQJDXVHIXOGH¿QL
WLRQ&RPSU3V\FKLDWU\
%HQD]]L ) 'HSUHVVLYHPL[HG VWDWH GLPHQVLRQDO YHUVXV FDWHJRULFDO
GH¿QLWLRQV3URJ1HXURSV\FKRSKDUPDFRO%LRO3V\FKLDWU\
%HQD]]L)'LDJQRVLVRIELSRODU ,,GLVRUGHUDFRPSDULVRQRIVWUXF
WXUHG YHUVXV VHPLVWUXFWXUHG LQWHUYLHZV 3URJ1HXURSV\FKRSKDUPDFRO%LRO
3V\FKLDWU\
%HQD]]L)7RZDUGEHWWHUSURELQJIRUK\SRPDQLDRIELSRODU,,GLVRU
GHUE\XVLQJ$QJVW¶VFKHFNOLVW,QW-0HWKRGV3V\FKLDWU\5HV
%HQD]]L)$NLVNDO+6&OLQLFDODQGIDFWRUDQDO\WLFYDOLGDWLRQRIGH
SUHVVLYHPL[HGVWDWHVDUHSRUWIURPWKH5DYHQQD6DQ'LHJRFROODERUDWLRQ
&XUU2SLQ3V\FKLDWU\VXSSO66
%HQD]]L)$NLVNDO+65H¿QLQJWKHHYDOXDWLRQRIELSRODU,,EH\RQG
WKHVWULFW6&,'&9JXLGHOLQHVIRUK\SRPDQLD-$IIHFW'LVRUG
0DQWHUH26XRPLQHQ./HSSDPDNL69DOWRQHQ$$UYLORPPL3,VRPHWVD
(7KHFOLQLFDOFKDUDFWHULVWLFVRI'60,9ELSRODU,DQG,,GLVRUGHUV
EDVHOLQH ¿QGLQJV IURP WKH -RUYL%LSRODU 6WXG\ -R%6%LSRODU'LVRUG 

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&RJQLWLYH'\VIXQFWLRQDQG$EQRUPDO5HJLRQDO&HUHEUDO%ORRG
)ORZLQ6\VWHPLF/XSXV(U\WKHPDWRVXV3DWLHQWV
2NLKLNR$LKDUD
*UDGXDWH6FKRRORI7RN\R0HGLFDODQG'HQWDO8QLYHUVLW\-DSDQ
$VDNR(PRUL(LVXNH0DWVXVKLPD.HQML2GD5\XML.RLNH
1REX\XNL0L\DVDND0RWRLFKLUR.DWR
2EMHFWLYHV6\VWHPLFOXSXVHU\WKHPDWRVXV6/(LVRQHRI WKHFRQQHFWLYH
WLVVXHGLVHDVHVZLWKPXOWLSOHRUJDQV\VWHPIDLOXUHV6/(SDWLHQWVRIWHQVKRZ
QHXURSV\FKLDWULF V\PSWRPV WKDWPD\EHFDXVHGE\FRJQLWLYHG\VIXQFWLRQV
LQFRPPRQ,QRXUSUHYLRXVVWXG\6/(SDWLHQWVKDGFRJQLWLYHG\VIXQFWLRQV
DVWKHIDLOXUHVRIYHUEDOPHPRU\DQGWKHGHFOLQHRISV\FKRPRWRUVSHHG,Q
RUGHUWRFODULI\WKHSDWKRORJ\RIWKHVHFRJQLWLYHG\VIXQFWLRQVLQWKH6/(ZH
LQYHVWLJDWHGWKHUHODWLRQVKLSEHWZHHQQHXURSV\FKRORJLFDO WHVW¿QGLQJVDQG
UHJLRQDOFHUHEUDOEORRGÀRZU&%)FKDQJHVLQ6/(SDWLHQWV
0HWKRGV1LQHWHHQ6/(SDWLHQWVDQGVL[DJHPDWFKHGFRQWUROVZHUHH[DP
LQHGQHXURSV\FKRORJLFDO WHVWV 5H\9HUEDO DQG7UDLO0DNLQJ7HVW 707
DQGVLQJOHSKRWRQHPLVVLRQFRPSXWHGWRPRJUDSK\63(&7ZLWKP7F/
/HWK\OF\VWHLQDWHGLPPHU(&'7KH\ZHUHDOOIHPDOHDQGULJKWKDQGHG
7KH6/(SDWLHQWVZHUH FODVVL¿HG LQWR WZRJURXSV ORZDQG DYHUDJH VFRUH
JURXSVDFFRUGLQJWRWKHLUVFRUHVRIWKHQHXURSV\FKRORJLFDOWHVWV
5HVXOWV7KHORZ5H\9HUEDOVFRUHJURXSVVKRZHGVLJQL¿FDQWO\GHFUHDVHG
U&%)LQWKHOHIWVXSHULRU WHPSRUDO OREHDQGOHIW LQIHULRUSDULHWDO OREHDQG
WKHORZ707VFRUHJURXSVKRZHGVLJQL¿FDQWO\GHFUHDVHGU&%)LQWKHOHIW
VXSHULRUWHPSRUDOOREHOHIWSDULHWDOOREHDQGSRVWHULRUFLQJXODWHJ\UXV2Q
WKHRWKHUKDQGERWKDYHUDJHVFRUHJURXSVGLGQRWVKRZDQ\U&%)GHFUHDVHV
VLJQL¿FDQWO\
&RQFOXVLRQV,QWKH6/(SDWLHQWVWKHIDLOXUHVRIYHUEDOPHPRU\PLJKWEH
FDXVHG E\ WKH G\VIXQFWLRQ LQ WKH SKRQRORJLFDO SURFHVVLQJ OHIW VXSHULRU
WHPSRUDO OREH DQGRU WKHZRUG UHWULHYDO OHIW LQIHULRU SDULHWDO OREH$QG
LW ZDV SRVVLEOH WKDW WKH GHFOLQHV RI SV\FKRPRWRU VSHHG HVSHFLDOO\ YLVXDO
VFDQQLQJZLWKDPRWRUFRPSRQHQWZHUHFDXVHGE\ WKHG\VIXQFWLRQ LQ WKH
YHUEDOQXPHULF SURFHVVLQJ OHIW VXSHULRU WHPSRUDO OREH WKH VSDWLDO DWWHQ
WLRQSDULHWDOOREHDQGRUWKHDWWHQWLRQDOFRQWUROV\VWHPSRVWHULRUFLQJXODWH
J\UXV
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<HDU)ROORZXSRI5HIUDFWRU\2&'3DWLHQWVDIWHU/LPELF
/HXFRWRP\
(ULFR&RVWD
)DFXOGDGHGH0HGLFLQDGH9HVSDVLDQR)$6(+%UD]LO
'HOFLU'D&RVWD
2EMHFWLYHV WRHYDOXDWH WKHFRJQLWLRQDQGSV\FKLDWULFV\PSWRPVRIREVHV
VLYHFRPSXOVLYHUHIUDFWRU\SDWLHQWVDIWHUDOLPELFOHXFRWRP\
0HWKRGRORJ\<DOH%URZQ2EVHVVLYH&RPSXOVLYH 6FDOH <%2&6 %HFN
'HSUHVVLRQ,QYHQWRU\%',DQGDQHXURSV\FKRORJLFDOEDWWHU\ZHUHFDUULHG
RXWRQHPRQWKEHIRUHDQGWZHOYHPRQWKVDIWHUDOLPELFOHXFRWRP\
5HVXOWV$OOWKHSDWLHQWVVKRZHGQRWRQO\DGHFUHDVHLQWKH<%2&6S
DQG%',EXWDOVRVHYHQLPSURYHGWKHLU¿JXUHVLQWKHQHXURSV\FKR
ORJLFDOEDWWHU\S+RZHYHUSDWLHQWVZHUHZRUVHLQWKH³)´FDWHJRU\
RIWKHYHUEDOÀXHQF\WHVWS!
&RQFOXVLRQV2&'LVRQHRIWKHPRVWGLVDEOLQJDQGLPSDLULQJSV\FKLDWULF
GLVRUGHUV3DWLHQWVZKRIXO¿OOUHIUDFWRU\FULWHULDRI2&'PD\DOOHYLDWHWKHLU
VXIIHULQJZLWKWKLVSURFHGXUH&RQWUROOHGVWXGLHVZLWKODUJHQXPEHURISD
WLHQWVVKRXOGEHGRQHWRFODULI\WKLVFRQWURYHUVLDO¿HOGLQWKHSV\FKLDWU\
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6WUHVV,QGXFHU5ROHLQ3DQLF$WWDFNV
-RVH'H6DQWLDJR6DVWUH
6iQFKH]3HxD0$*DOLQGR0HQHQGH]$+RVSLWDOGH/HyQ
6HUYLFLRGH3VLTXLDWULD6SDLQ
2EMHFWLYHV7KHDXWKRUVLQWHQGWRDQDO\]HWKHW\SHRIVWUHVVIXOELRJUDSKLFDO
HYHQWVVXIIHUHGE\SHRSOHZLWK3DQLF'LVRUGHU$WWKHVDPHWLPHFRPSDUL
VRQVDUHGUDZQEHWZHHQDGXOWYLWDOVLWXDWLRQVH[SHULHQFHGE\SDWLHQWVZKR
VXIIHUIURPDQDVVRFLDWHGGHSUHVVLYHHSLVRGHZLWKUHJDUGWRWKRVHZKRRQO\
SUHVHQWSDQLFGLVRUGHU,WLVVWXGLHGWKHW\SHRIVWUHVVIXOHYHQWVH[SHULHQFHG
E\HDFKRIWKHVHJURXSVGXULQJWKHSUHYLRXV\HDUDQGWKHPRQWKEHIRUHWKH
EHJLQQLQJRIWKHGLVRUGHU
0HWKRGVSDWLHQWVWKDWFRPSO\ZLWK3DQLF'LVRUGHUFULWHULDDFFRUGLQJWR
'60,975PDNHXSWKHVDPSOHRIWKHPDUHPDOHVDQGIHPDOHV
RI WKHPFRPSO\ZLWKGLDJQRVWLF FULWHULD RI DVVRFLDWHGGHSUHVVLYH HSLVRGH
7KHPHDQDJHLV\HDUVROG$OORIWKHPZHUHOHGE\WKHLUIDPLO\GRFWRUWR
WKH0HQWDO+HDOWK&HQWHUGXULQJWKHSHULRGRIWLPHUDQJHGIURP-DQXDU\WR
-XO\:HKDYHXVHGWKHPHGLDWKHVWDQGDUGGHYLDWLRQ3HUFHQWDJHDQG
WKHVWXGHQWIRUWKHVWDWLVWLFDQDO
5HVXOWVRIWKHVDPSOH¶VSDWLHQWVKDGVXIIHUHGRQHRUVHYHUDOVWUHVVIXO
HYHQWVWKH\HDUEHIRUHWKHDSSHDUDQFHRIWKH¿UVWSDQLFDWWDFN7KHPHGLDRI
HYHQWVZDV LQZLWKDVWDQGDUGGHYLDWLRQRI:HGRQRW¿QGVLJQL¿FDQW
GLIIHUHQFHVLQWKLVIDFWRUEHWZHHQWKHJURXSZLWKRXWGHSUHVVLRQDQGWKHRQH
ZLWKGHSUHVVLRQDVVRFLDWHGZLWK3DQLF'LVRUGHU
S 
RIRXUSDWLHQWVKDGH[SHULHQFHGRQHRUVHYHUDOVWUHVVIXOHYHQWVZLWKLQ
WKHODVWPRQWK7KHPHGLDZDVLQDQGWKHVWDQGDUGGHYLDWLRQLQ7KHUH
DUHQRWVLJQL¿FDQWGLIIHUHQFHVEHWZHHQWKHWZRFRPSDUHGJURXSVHLWKHU
$QXPEHURIVWUHVVIXOHYHQWVZKLFKKDYHEHHQJURXSHGLQWRFDWHJR
ULHVZHUHDVVHVVHG,QERWKJURXSVKHDOWKSUREOHPVZHUHWKHPRVWFRPPRQ
IROORZHGE\FKDQJHVLQWKHZRUNLQJFRQGLWLRQVDQGIDPLO\UHODWLRQVKLSV$
KLJKQXPEHURIWKHPKDGJRQHWKURXJKDPRXUQLQJH[SHULHQFHZLWKLQWKH
ODVW\HDUDVZHOODVWKURXJK¿QDQFLDOSUREOHPV
&RQFOXVLRQV 2XU UHVXOWV DUH LQ DJUHHPHQW ZLWK WKH RQHV EURXJKW E\ WKH
PDMRULW\RIUHVHDUFKHVVWXG\LQJWKHLQÀXHQFHRIWKHVWUHVVIXODJHQWVRQWKH
RXWEUHDNRID3DQLF'LVRUGHUDQGDUHFHUWDLQO\FRQFRUGDQWZLWKDPRGHORI
GLDWKHVLVYXOQHUDELOLW\WRWKH3DQLF'LVRUGHUDFFRUGLQJWRZKLFKYXOQHUDELO
LW\GHWHUPLQHGE\JHQHWLFIDFWRUVZRXOGEH³DFWLYDWHG´IURPDFOLQLFDOSRLQW
RIYLHZE\WKHVWUHVVIXODJHQWVLQJHQHWLFDOO\YXOQHUDEOHLQGLYLGXDOV
5HIHUHQFHV
/LHERZLW]05 DQG.OHLQ') &OLQLFDO 3V\FKLDWULF FRQIHUHQFHV DV
VHVVPHQWDQGWUHDWPHQWRISKRELFDQ[LHW\-RXUQDORI&OLQLFDO3V\FKRORJ\

'60,9750DQXDO GLDJQyVWLFR \ HVWDGtVWLFR GH ORV WUDVWRUQRVPHQWDOHV
0DVVRQ%DUFHORQD
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$Q[LHW\DQG'HSUHVVLRQLQ3DWLHQWVZLWKDQ$XWRPDWLF
'HILEULOODWRU
)DQQ\-DFT
'HSDUWPHQWRISV\FKLDWU\5RXHQ8QLYHUVLW\+RVSLWDODQG/H
5RXYUD\+RVSLWDO,16(5085RXHQ)UDQFH
*DHO)RXOGULQ)ORUHQFH7KLEDXW)UpGpULF$QVHOPH
$UQDXG6DYRXUH
%DFNJURXQG 7KH LQWHUQDO FDUGLRYHUWHU GH¿EULOODWRUV ,&' KDYH VLJQL¿
FDQWO\LPSURYHGWKHWUHDWPHQWRIPDOLJQDQWYHQWULFXODUDUUK\WKPLDV1HYHU
WKHOHVVOLYLQJZLWKWKLVGHYLFHGRHVQRWVHHPWRLPSURYHWKHTXDOLW\RIOLIH
42/RISDWLHQWVZLWK,&'$FWXDOO\LQPRVWFDVHVVWXGLHVDVVHVVLQJWKH
UHODWLRQVKLSEHWZHHQDQ,&'LPSODQWDWLRQDQGWKHHPHUJHQFHRISV\FKLDWULF
V\PSWRPVDUHVXIIHULQJIURPPHWKRGRORJLFDOOLPLWDWLRQV
2EMHFWLYHV7KHSXUSRVHRIWKLVVWXG\ZDVWRDVVHVVWKHSUHYDOHQFHDQGWKH
VHYHULW\RIDQ[LHW\DQGGHSUHVVLRQ LQSDWLHQWVZLWKDQ ,&'K\SRWKHVL]LQJ
WKDWGLVFKDUJHVFDQLQGXFHSV\FKLDWULFV\PSWRPV
0HWKRGV  SDWLHQWV  ZLWK VKRFNV JURXS  DQG  ZLWKRXW VKRFNV
JURXSZHUHDVVHVVHG LQD UHWURVSHFWLYHVWXG\RQHPRQWKDW OHDVWDIWHU
LPSODQW RI DQ ,&' 7KH 0LQL ,QWHUQDWLRQDO 1HXURSV\FKLDWULF ,QWHUYLHZ
0,1,ZDVXVHGWRGLDJQRVHDQ[LHW\DQGGHSUHVVLYHGLVRUGHUV7KHSDWLHQWV
FRPSOHWHG WKH+RVSLWDO$Q[LHW\ DQG'HSUHVVLRQ 6FDOH +$' LQ RUGHU WR
!.8)%49¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
DVVHVVWKHVHYHULW\RIDQ[LHW\DQGGHSUHVVLRQV\PSWRPV7KHLU42/ZDVDV
VHVVHGXVLQJWKHPHGLFDORXWFRPHVWXG\LWHP6KRUW)RUPKHDOWKVXUYH\
6)7KHWZRJURXSVZHUHQRWGLIIHUHQWLQWHUPVRIDJHVH[UDWLRW\SHRI
FDUGLRSDWK\FDXVHIRULPSODQWDQGVWDJHRIHYROXWLRQ
5HVXOWV)LUVWLWZDVREVHUYHGWKDWWKHOHYHORIDQ[LHW\GLVRUGHUVXVLQJWKH
0,1,HVSHFLDOO\*HQHUDO$Q[LHW\'LVRUGHU*$'DQGSDQLFGLVRUGHUZLWK
RUZLWKRXWDJRUDSKRELDZDVVLJQL¿FDQWO\KLJKHULQWKHJURXSDV
FRPSDUHG ZLWK JURXS    S $Q[LHW\ V\PSWRPV VFRUHV ZHUH
KLJKHULQWKHJURXSXVLQJWKH+$'
(YHQLIQRVLJQL¿FDQWGLIIHUHQFHLQSHUFHLYHG42/ZDVHYLGHQFHGEHWZHHQ
WKHWZRJURXSVXVLQJJOREDOVFRUHVWKH42/LQJURXSZDVSRRUHU
)LQDOO\ XVLQJ WKH +$' GHSUHVVLYH V\PSWRPV VFRUHV ZHUH VLJQL¿FDQWO\
KLJKHU LQ WKH JURXS  DV FRPSDUHG ZLWK JURXS  
S 
2YHUDOORXUUHVXOWVVKRZHGKLJKHUOHYHOVRIDQ[LHW\DQGGHSUHVVLYHV\PS
WRPV+$'DQGGHFUHDVHG42/VILQJURXSDVFRPSDUHGWRJURXS
0RUHRYHULQJURXSWKHSUHYDOHQFHRI*$'DQGSDQLFGLVRUGHU0,1,
ZDVKLJKHU
&RQFOXVLRQV ([SRVLWLRQ WR UHSHDWHG HOHFWULF VKRFNV PD\ OHDG WR DQ LQ
FUHDVHGULVNRIV\PSWRPVRIDQ[LHW\DQGGHSUHVVLRQLOOXVWUDWLQJWKHWKHRU\
RIDQ[LHW\GHYHORSPHQWE\DYHUVLYHFODVVLFFRQGLWLRQLQJSURFHVVHV)XUWKHU
VWXGLHVHVSHFLDOO\SURVSHFWLYHVWXGLHVDUHQHHGHG
32
$VVRFLDWLRQRI$Q[LHW\UHODWHG%HKDYLRUZLWK7S+*HQH
/LVH*XWNQHFKW
&OLQLFDODQG0ROHFXODU3V\FKRELRORJ\'HSDUWPHQWRI3V\FKLDWU\
DQG3V\FKRWKHUDS\8QLYHUVLW\RI:XHU]EXUJ)XHFKVOHLQVWUDVVH
:XHU]EXUJ*HUPDQ\
&-DFRE$6WUREHO$(VFKHU-0OOHU%%URFNH.3/HVFK
2EMHFWLYHV'\VIXQFWLRQRIWKHFHQWUDOVHURWRQHUJLFV\VWHPKDVEHHQLPSOL
FDWHGLQWKHSDWKRSK\VLRORJ\RIDQ[LHW\DQGDIIHFWLYHGLVRUGHUV%DVHGRQWKH
QRWLRQWKDW WKHUHPD\QRWEHJHQHVIRUSHUVRQDOLW\GLVRUGHUVEXWJHQHVIRU
EHKDYLRUDOGLPHQVLRQVDQGWKDWWKHUHLVERWKDJHQHWLFDQGSV\FKRSDWKRORJL
FDOFRQWLQXXPIURPQRUPDOSHUVRQDOLW\ WRSHUVRQDOLW\GLVRUGHU WKHDLPRI
WKLVVWXG\ZDVWRLQYHVWLJDWHWKHHIIHFWRISRO\PRUSKLFYDULDQWVLQWKHJHQHRI
WKHQRYHOEUDLQVSHFL¿FWU\SWRSKDQK\GUR[\ODVH73+WKHUDWHOLPLWLQJ
HQ]\PHRIVHURWRQLQ+7V\QWKHVLVLQWKHEUDLQRQSHUVRQDOLW\WUDLWVDQG
SHUVRQDOLW\GLVRUGHUV
0HWKRGV:HLGHQWL¿HGDQGDQDO\]HGIRXUFRPPRQVLQJOHQXFOHRWLGHSRO\
PRUSKLVPV613VLQDQGFORVHWRWKHWUDQVFULSWLRQDOFRQWUROUHJLRQRIWKH
73+JHQHLQWZRLQGHSHQGHQWFRKRUWVFRPSULVLQJRIKHDOWK\YROXQWHHUV
DQGPRUHWKDQSDWLHQWVZLWKSHUVRQDOLW\GLVRUGHUV3HUVRQDOLW\IHDWXUHV
LQ ERWK KHDOWK\ VXEMHFWV DQG SDWLHQWV ZHUH DVVHVVHG E\ WKH UHYLVHG 1(2
3HUVRQDOLW\,QYHQWRU\1(23,5DVZHOODVWKH7ULGLPHQVLRQDO3HUVRQDOLW\
4XHVWLRQQDLUH7343HUVRQDOLW\GLVRUGHUVZHUHGLDJQRVHGZLWKWKH6WUXF
WXUHG&OLQLFDO,QWHUYLHZRI'60,9DQGZHUHDOORFDWHGWRFOXVWHU$%DQG
&,QGLYLGXDO613DQGKDSORW\SHDQDO\VHVZHUHXVHGWRGHWHUPLQHDVVRFLD
WLRQVZLWKSHUVRQDOLW\GLPHQVLRQVDQGVXEW\SVRISHUVRQDOLW\GLVRUGHUV
5HVXOWV,QWKLV¿UVWVWXG\RI73+LQQRUPDOSHUVRQDOLW\DQGSHUVRQDOW\GLV
RUGHUVZHUHYHDOHGDQDVVRFLDWLRQEHWZHHQ73+YDULDWLRQDQG734+DUP
$YRLGDQFH7KLVDVVRFLDWLRQZDVREVHUYHGLQKHDOWK\YROXQWHHUVDVZHOODV
LQWKHSDWLHQWVJURXS$Q[LRXVDQGIHDUIXO&OXVWHU&SHUVRQDOLW\GLVRUGHUDQG
REVHVVLYHFRPSXOVLYHSHUVRQDOLW\GLVRUGHUZHUHDOVRIRXQGWREHDVVRFLDWHG
ZLWKWKHVH73+YDULDQWV
&RQFOXVLRQV2XUUHVXOWVOLQN73+YDULDWLRQWRWKHEHKDYLRUDOH[SUHVVLRQ
RIDQ[LHW\UHODWHGWUDLWVLQQRUPDOSHUVRQDOLW\DQGSHUVRQDOLW\GLVRUGHUV
32
((*&RKHUHQFH$QDO\VLVLQ1HYHU0HGLFDWHG3DWLHQWVZLWK
3DQLF'LVRUGHU
$NLUD+DQDRND
'HSDUWPHQWRI3V\FKLDWU\DQG1HXURELRORJ\*UDGXDWH6FKRRORI
0HGLFDO6FLHQFH.DQD]DZD8QLYHUVLW\-DSDQ
0LWVXUX.LNXFKL5\XWDURX.RPXUR7RPRND]X.LGDQL
<RVKLKXPL.RVKLQR
2EMHFWLYHV $OWKRXJK VSHFL¿F DEQRUPDOLWLHV RQ HOHFWURHQFHSKDORJUDSK\
((*LQSDQLFGLVRUGHU3'SDWLHQWVKDYHUDUHO\EHHQUHSRUWHGUHFHQWVWXG
LHVXVLQJTXDQWLWDWLYH((*DQDO\VLVKDYHVKRZQVRPHDEQRUPDOLWLHV)XUWKHU
TXDQWLWDWLYH((*DQDO\VLVLVUHTXLUHG((*FRKHUHQFHFDQEHLQWHUSUHWHGDV
DTXDQWLWDWLYHPHDVXUHRIWKHIXQFWLRQDOFRQQHFWLYLW\EHWZHHQGLVWLQFWEUDLQ
UHJLRQV7KHUHIRUHZHFRPSDUHGWKH((*FRKHUHQFHYDOXHVLQ3'SDWLHQWV
ZLWKWKRVHLQQRUPDOFRQWUROVXEMHFWV
0HWKRGV7KH3'SDWLHQWJURXSFRQVLVWHGRIPHQDQGZRPHQZKRIXO
¿OOHG'60,9FULWHULDIRU3'7KHSDWLHQWVKDGEHHQQHYHUUHFHLYHGPHGLFD
WLRQVWKDWDFWXSRQWKHFHQWUDOQHUYRXVV\VWHP&167KHFXUUHQWVHYHULW\RI
SDQLFDWWDFNZDVVSHFL¿HGDFFRUGLQJWRWKH'60,,,5FULWHULD7KHFRQWURO
VXEMHFWV FRQVLVWHG RI  KHDOWK\ YROXQWHHUV PHQ DQG ZRPHQ((*V
ZHUH UHFRUGHG IRU HDFK VXEMHFWZLWK WKH H\HV FORVHG7KH((*GDWDZHUH
GLJLWL]HGZLWKDQ$7$0$3".LVVHL&RPWHF1DJDQR-DSDQ,QWKH
SUHVHQWVWXG\LQWHUDQGLQWUDKHPLVSKHULFFRKHUHQFHZDVPHDVXUHGEHWZHHQ
WKHIROORZLQJKRPRORJRXVHOHFWURGHSDLUV))))&&77
3322)&)&)7)7&DQG&2'DWDZHUH
EDQGHGLQWRGHOWD+] WKHWD+]DOSKD
+]DOSKD+]DQGEHWD+]'LIIHUHQFHVEHWZHHQ
ERWKJURXSVZHUHDQDO\]HGE\DQDO\VLVRIYDULDQFH$129$ZLWKUHSHDWHG
PHDVXUHV5HODWLRQVKLSV EHWZHHQ WKH FRKHUHQFHYDOXH DQG WKHGXUDWLRQRI
GLVHDVHRUVHYHULW\RISDQLFDWWDFNVZHUHDQDO\]HGXVLQJWKH6SHDUPDQUDQN
RUGHUFRUUHODWLRQ
5HVXOWV((*FRKHUHQFHYDOXHVRI3'SDWLHQWVZHUHORZHUZLWKVLJQL¿FDQW
GLIIHUHQFHVLQ))&&33)7DQG)73RVLWLYHFRUUHODWLRQV
ZHUHREVHUYHGEHWZHHQFRKHUHQFHYDOXHVDQGERWKWKHGXUDWLRQRIGLVHDVH
DQGWKHVHYHULW\RISDQLFDWWDFNVIRUWKHKLJKHUDOSKDEDQG
&RQFOXVLRQV 7KHVH ¿QGLQJV SURYLGHG IXUWKHU HYLGHQFH WKDW 3' SDWLHQWV
KDYH D ORZHU GHJUHH RI LQWHUKHPLVSKHULF IXQFWLRQDO FRQQHFWLYLW\ LQ WKH
IURQWDOUHJLRQDQGLQWUDKHPLVSKHULFIXQFWLRQDOFRQQHFWLYLW\LQWKHELODWHUDO
WHPSRUDOUHJLRQDQGWKDWFKURQLFFRQGLWLRQRUIUHTXHQWSDQLFDWWDFNVLQ3'
SDWLHQWVPD\EHUHODWHGWRWKHSDWKSK\VLRORJLFDO&16FKDQJHV
32
7DQGRVSLURQHDQG*HQHUDOL]HG$Q[LHW\'LVRUGHU
7RVKLIXPL.LVKLPRWR
1DUD0HGLFDO8QLYHUVLW\-DSDQ
7RPRKLVD1DJDVKLPD.RML2NDGD.XQLDNL.LXFKL<X1DNDPXUD
2EMHFWLYHV*HQHUDOL]HG$Q[LHW\'LVRUGHU*$'LVRQHRIW\SLFDODQ[LHW\
GLVRUGHUV66,5VDUHHIIHFWLYHIRUWKLVGLVRUGHU7DQGRVSLURQHLVRQHRI$Q[L
RO\WLFV+7$DJRQLVWVDQGLVH[SHFWHGWREHHIIHFWLYHIRU*$'7KLVLVD
SLORWVWXG\RISRWHQF\RIWDQGRVSLURQHIRU*$'
0HWKRGV 7KUHH SDWLHQWV ZLWK *$' ZHUH WUHDWHG ZLWK WDQGRVSLURQH 
PJIRUZHHNV+DPLOWRQ$Q[LHW\6FDOH6WDWH7UDLW$Q[LHW\,QYHQ
WRU\DQG6KRUW)RUPLWHPKHDOWKVXUYH\ZHUHHYDOXDWHGREMHFWLYHO\DQG
VXEMHFWLYHO\DWZHHN
5HVXOWV2QHSDWLHQWGURSSHGRXWDWZHHNDQGSDWLHQWVFRPSOHWHG WKH
VWXG\ VKRZLQJ PRGHUDWH DPHOLRUDWLRQ RI *$' V\PSWRPV ZLWK WDQGRV
SLURQH8QWLOZHHNVWUHDWPHQWWDQGRVSLURQHVKRZHGOLWWOHHIIHFWVRQDQ[L
HW\DQGWKHLUTXDOLW\RIOLIH
&RQFOXVLRQV7DQGRVSLURQHLVSURPLVLQJDQ[LRO\WFDJHQWIRU*$')XUWKHU
LQYHVWLJDWLRQDUHQHHGHG
5HIHUHQFHV
'DYLGV(/HVFK.37KH+7$UHFHSWRUDQHZHIIHFWLYHSULQFLSOHLQ
SV\FKRSKDUPDFRORJLFWKHUDS\")RUWVFKU1HXURO3V\FKLDWU
<PDXFKL.HWDO&RPSDUDWLYHVWXG\RIVKRUWWHUPDQ[LRO\WLFSRWHQF\
RIDOSUD]RODPDQGWDQGRVSLURQHLQSV\FKLDWULFRXWSDWLHQWVZLWKDQ[LHW\GLV
RUGHUV+XP3V\FKRSKDUPDFRO
!.8)%49¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
32
7UHDWPHQW2XWFRPHDQG0XOWLSOH&RPRUELGLW\LQ3DQLF
'LVRUGHU
0LODQ/DWDV
,QVWLWXWHRI3V\FKLDWU\6HUELDDQG0RQWHQHJUR
9ODGDQ6WDUFHYLF
2EMHFWLYHV 7R DVFHUWDLQ LQÀXHQFH RI PXOWLSOH FRPRUELGLW\ FRPRUELGLW\
ZLWKPDMRUGHSUHVVLYHHSLVRGHJHQHUDOL]HGDQ[LHW\GLVRUGHUDQ\SHUVRQ
DOLW\GLVRUGHURQWKHRXWFRPHRILQWHJUDWLYHWKHUDS\RISDWLHQWVZLWKSDQLF
GLVRUGHUZLWKDJRUDSKRELD
0HWKRGV  RXWSDWLHQWV ZLWK SDQLF GLVRUGHU ZLWK DJRUDSKRELD ZHUH
WUHDWHG E\ FRJQLWLYHEHKDYLRU WKHUDS\  SKDUPDFRWKHUDS\ KLJKSRWHQF\
EHQ]RGLD]HSLQHV665,HV6\PSWRPVHYHULW\ZDVHVWLPDWHGE\3DQLFDQG
$JRUDSKRELD6FDOH 3$6EHIRUHDQGDIWHU WKHHQGRI WUHDWPHQW7KH3$6
LVDFOLQLFLDQDGPLQLVWHUHGLQVWUXPHQWDQGLWZDVXVHGWRDVVHVVWKHRYHUDOO
VHYHULW\RISDQLFGLVRUGHUZLWKDJRUDSKRELD WKURXJK LWVGLPHQVLRQV3D
WLHQWVZLWKPXOWLSOHFRPRUELGLW\DQGSDWLHQWVZLWKRXWDQ\FRPRUELGLW\ZHUH
FRPSDUHGE\0$129$DQG$129$ZLWKUHSHDWHGPHDVXUHV
5HVXOWV $W WKH EHJLQQLQJ RI WUHDWPHQW   SDWLHQWV ZLWK PXOWLSOH
FRPRUELGLW\H[KLELWHGPRUHVHYHUHV\PSWRPVWKDQSDWLHQWVZLWKRXW
DQ\FRPRUELGLW\RQDOO3$6VXEVFDOHVS$OOSDWLHQWVLPSURYHGVLJ
QL¿FDQWO\3DWLHQWVZLWKPXOWLSOHFRPRUELGLW\ZHUH LPSURYHGVLJQL¿FDQWO\
PRUHWKDQSDWLHQWVZLWKRXWDQ\FRPRUELGLW\RQDOO3$6VXEVFDOHV
+RZHYHU DW WKH HQG RI WKH WUHDWPHQW SDWLHQWV ZLWK PXOWLSOH FRPRUELGLW\
H[KLELWHGPRUH VHYHUH V\PSWRPV RQ VXEVFDOHV WKDW ZHUH UHODWHG WR SDQLF
DWWDFNVLPSDLUPHQWDQGK\SRFKRQGULDSEXWQRWWRDJRUDSKRELDDQG
DQWLFLSDWRU\DQ[LHW\S!
&RQFOXVLRQV3DWLHQWVZLWKSDQLFGLVRUGHUZLWKDJRUDSKRELDZLWKPXOWLSOH
FRPRUELGLW\ KDG H[KLELWHG JUHDWHU V\PSWRP VHYHULW\ DQG SRRUHU UHVSRQVH
WRWUHDWPHQWYVSDWLHQWVZLWKRXWFRPRUELGLW\DQG7KLVVWXG\VKRZVWKDW
PXOWLSOHFRPRUELGLW\DGYHUVHO\DIIHFWRQWUHDWPHQWRXWFRPHRISDQLFGLVRU
GHUZLWKDJRUDSKRELD
5HIHUHQFHV
%DQGHORZ %  3DQLF DQG$JRUDSKRELD 6FDOH 3$6 6HDWWOH:$
+RJUHIH	+XEHU3XEOLVKHUV
6HLYHZULJKW + 7\UHU 3 -RKQVRQ 7  3UHGLFWLRQ RI RXWFRPH LQ
QHXURWLFGLVRUGHUD\HDUSURVSHFWLYHVWXG\3V\FKRO0HG
32
3RO\PRUSKLVPRI'RSDPLQH5HFHSWRULQ.RUHDQ6RFLDO3KRELD
6HXQJ0LQ/HH
.DQJEXN6DPVXQJ+RVSLWDO6XQJN\XQNZDQ8QLYHUVLW\6FKRRORI
0HGLFLQH6HRXO.RUHD
.DQJ6HRE2K+DQ<RQJ-XQJ0LQ6RR/HH
2EMHFWLYHV 'RSDPLQH UHFHSWRU V\VWHP KDV EHHQ FRQVLGHUHG WR EH LPSOL
FDWHG LQ WKH SDWKRJHQHVLV RI VRFLDO SKRELD 7KH DXWKRUV LQYHVWLJDWHG WKH
UHODWLRQVKLSVEHWZHHQ'5'DQG'5'SRO\PRUSKLVPDQG VRFLDO SKRELD
LQ.RUHDQV
0HWKRGV)RUW\HLJKWVXEMHFWVZKRPHW'60,9FULWHULRQRIVRFLDOSKRELD
DQGIRUW\HLJKWDJHVH[PDWFKHGQRUPDOFRQWUROV LQ.RUHDZHUHLQFOXGHG
7KHDXWKRUVFRPSDUHGWKHJHQRW\SHVRI'5''5'EHWZHHQVRFLDOSKR
ELDSDWLHQWVJURXSDQGQRUPDOFRQWUROJURXS'5'DQG'5'ZLWKYDULDEOH
QXPEHU RI WDQGHP UHSHDWV9175ZHUH GHWHUPLQHG E\ XVLQJ SRO\PHUDVH
FKDLQ UHDFWLRQ )RU FRPSDULQJ WKH GLVWULEXWLRQ RI WKH '5' DQG '5'
SRO\PRUSKLVPEHWZHHQWZRJURXSV)LVKHU¶VH[DFWWHVWZDVXVHG
5HVXOWV 7KH DXWKRUV FRXOG ¿QG WKUHH JHQRW\SHV$$$$$$
RI '5' 7KHUH ZHUH QR VLJQL¿FDQW GLIIHUHQFHV LQ '5'"    S 
 JHQRW\SLF GLVWULEXWLRQ EHWZHHQ VRFLDO SKRELD SDWLHQWV JURXS DQG
QRUPDO FRQWURO JURXS $PRQJ VRFLDO SKRELD SDWLHQWV JURXS  VKRZHG
$$ W\SH  VKRZHG $$ W\SH  VKRZHG $$
W\SH$PRQJQRUPDOFRQWUROJURXSVKRZHG$$W\SH
VKRZHG$$W\SHVKRZHG$$W\SH:HFRXOG
¿QG¿YHJHQRW\SHVRI'5'7KHUHZHUHVLJQL¿FDQW
GLIIHUHQFHV LQ'5'Ȥ S JHQRW\SLFGLVWULEXWLRQEHWZHHQ
VRFLDOSKRELDSDWLHQWVJURXSDQGQRUPDOFRQWUROJURXS$PRQJVRFLDOSKRELD
SDWLHQWVJURXSVKRZHGW\SHVKRZHGW\SH
VKRZHG W\SHVKRZHG W\SH$PRQJQRUPDOFRQWURO
JURXS  VKRZHG  W\SH  VKRZHG  W\SH DQG 
VKRZHGW\SH
&RQFOXVLRQV ,QVRFLDOSKRELDSDWLHQWVJURXS W\SHRI'5'ZDVVLJ
QL¿FDQWO\PRUHWKDQQRUPDOFRQWUROJURXS7KHUHZHUHQRW\SHRI'5'
LQVRFLDOSKRELDSDWLHQWVJURXS)XUWKHUVWXGLHVLQFOXGLQJODUJHUQXPEHURI
VDPSOHVDQGGLYHUVHFOLQLFDOYDULDEOHVVKRXOGEHFRQGXFWHGWRHOXFLGDWHWKH
SUHVHQW¿QGLQJV
32
3DQLF'LVRUGHULQ7XQLVLD
0DMGD&KHRXU
5D]L+RVSLWDO7XQLVLD
)DWHQ(OORX]H6LQGD.RXED$PHO+VDLUL
2EMHFWLYHV6HHNIRUHSLGHPLRORJLFDOFOLQLFDOWKHUDSHXWLFFKDUDFWHULVWLFVRI
RXWSDWLHQWVZLWKSDQLFGLVRUGHULQ7XQLVLDµVSV\FKLDWULFKRVSLWDO
0HWKRGVRXWSDWLHQWVH[SUHVVLQJSDQLFGLVRUGHUVFRPSOHWHGDTXHVWLRQ
QDLUH 7KLV TXHVWLRQQDLUH ZDV FRPSRVHG E\  SDUWV VRFLRGHPRJUDSKLFV
GDWDFOLQLFDOGDWDDQGWKHUDSHXWLFVGDWDLQFOXGLQJRXWFRPHHYDOXDWLRQDIWHU
PRQWKV
5HVXOWV 3DQLF GLVRUGHUµV LQFLGHQFH ZDV  VH[ UDWLR ZDV  
IHPDOHVDQGPDOHV
3DQLFGLVRUGHUµVFRQVXOWDWLRQVZHUHPRUHIUHTXHQWLQVXPPHU3DQLFGLVRUGHU
RQVHWV\HDUVEHIRUH WKH¿UVWSV\FKLDWULF FRQVXOWDWLRQ%HIRUHSV\FKLDWULF
FRQVXOWDWLRQRISDWLHQWVJRQHWRSK\VLFLDQWRPHGLFDOHPHUJHQ
FLHVDQGWRDVSHFLDOLVWJDVWULFFDUGLDFQHXURORJLFDO
VSHFLDOLWLHV6WUHVVIXOHYHQWVZHUHSUHVHQWLQRIFDVHV3DQLFGLVRUGHU
ZDV DVVRFLDWHG WR DJRUDSKRELD LQ  RI FDVHV WR GHSUHVVLRQ LQ  RI
FDVHVDQGWRSHUVRQDOLW\GLVRUGHUVLQRIFDVHV2XWFRPHZDVIDYRXUDEOH
ZLWKWUHDWPHQWLQRIFDVHV
&RQFOXVLRQV%RWKFOLQLFDOFKDUDFWHULVWLFVDQGRXWFRPHSDQLFGLVRUGHUZHUH
VLPLODU WR WKRVH QRWHG LQ RFFLGHQWDO OLWHUDWXUH +RZHYHU WKHUH DUH VRPH
FXOWXUDOGLIIHUHQFHVLQFOXGLQJWKHUDSHXWLFDFFHVV
32
6\VWHPDWLF0XWDWLRQ6FUHHQLQJRIWKH*DVWULQ5HOHDVLQJ
3HSWLGH5HFHSWRU*535*HQHLQ6XEMHFWVZLWK3DQLF
'LVRUGHU
3KLOLSS6DQG
'HSWRI3V\FKLDWU\8QLYHUVLW\RI5HJHQVEXUJ*HUPDQ\
*|UDQ+DMDN&KULVWLDQ-DFRE-UJHQ'HFNHUW3HWHU(LFKKDPPHU
2EMHFWLYHV 7KH JDVWULQ UHOHDVLQJ SHSWLGH UHFHSWRU *535 JHQH LV H[
SUHVVHG LQ WKH ODWHUDO QXFOHXV RI WKH DP\JGDOD LPSRUWDQW IRU LQKLELWLQJ
PHPRU\VSHFL¿FDOO\UHODWHGWROHDUQHGIHDU$QLPDOVWXGLHVKDYHFRQ¿UPHG
WKDWDEVHQFHRIWKH*535JHQHUHVXOWVLQJUHDWHUIHDUPHPRU\7KHVHGDWD
PDNHWKH*535JHQHDQDWWUDFWLYH;FKURPRVRPDOFDQGLGDWHJHQHIRUDQ[L
HW\GLVRUGHUVLQSDUWLFXODUSDQLFGLVRUGHU
0HWKRGV 7R VFUHHQ IRU PXWDWLRQV LQ WKH *535 JHQH WKH HQWLUH FRGLQJ
UHJLRQZDVVHTXHQFHGLQVXEMHFWVZLWKSDQLFGLVRUGHU:KLOHWZRSUHYL
RXVO\ UHSRUWHG V\QRQ\PRXV VHTXHQFH YDULDQWV LQ H[RQ  UV DQG
UVZHUHFRQ¿UPHGQRPLVVHQVHYDULDQWVRURWKHUPXWDWLRQVZHUH
LGHQWL¿HG
5HVXOWV	&RQFOXVLRQV&RQVHUYDWLRQRIWKH*535JHQHLQSDQLFGLVRUGHU
VXJJHVWVLWGRHVQRWSOD\DPDMRUUROHLQFRQIHUULQJDKHULWDEOHULVNIRUWKH
GLVRUGHU7KHSRVVLELOLW\ UHPDLQV WKDW WKRVHJHQRPLF UHJLRQV OHIWXQH[DP
LQHG FRQWDLQ UHJXODWRU\ RU VSOLFH YDULDQWV ZKLFK H[HUW IXQFWLRQDO HIIHFWV
$OWHUQDWLYHO\ JHQHV WKDW HQFRGH *535LQWHUDFWLQJ SURWHLQV PD\ KDUERU
GLVHDVHFDXVLQJYDULDQWVDQGZDUUDQWWDUJHWHGIROORZXSVWXGLHV
!.8)%49¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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3V\FKRORJLFDO)DFWRUVRI<RXQJ0DOH7UDQVVH[XDOVLQ.RUHD
,Q+R3DLN
7KH&DWKROLF8QLYHUVLW\RI.RUHD5HSXEOLFRI.RUHD
7DH6XN.LP&KL8Q3DH&KXO/HH6HXQJ.\X%DQJ
2EMHFWLYHV7KH SXUSRVH RI WKLV VWXG\ZDV WR FRPSDUH GLIIHUHQFHV RI WKH
SV\FKRORJLFDO IDFWRUV EHWZHHQ WKH \RXQJ PDOH WUDQVVH[XDOV DQG DJHVH[
PDWFKHGQRUPDOFRQWUROVZLWKVWDQGDUGL]HGSV\FKLDWULFUDWLQJVFDOHV
0HWKRGV%LRORJLFDOO\XQUHODWHG\RXQJPDOH WUDQVVH[XDOVDQGDJHVH[
PDWFKHGQRUPDOFRQWUROVSDUWLFLSDWHGLQWKHVWXG\$OOVXEMHFWVFRPSOHWHG
%HFN¶V'HSUHVVLRQ ,QYHQWRU\ %', 6RFLDO$YRLGDQFH DQG'LVWUHVV 6FDOH
6$'6 6HOI(VWHHP6FDOH 6(6 DQG)DPLO\$GDSWDELOLW\ DQG&RKHVLRQ
(YDOXDWLRQ6FDOH,,,)$&(6,,,
5HVXOWV7KH WUDQVVH[XDOV VKRZHG VLJQL¿FDQWO\ KLJKHU VFRUHV RQ WKH%',
SDQG6$'6S DQGORZHUVFRUHVRQWKH6(6SDQG
$GDSWDELOLW\DQG&RKHVLRQVXEVFDOHVS DQGSUHVSHFWLYHO\RI
WKH)$&(6,,,WKDQWKHKHDOWK\FRQWUROV
&RQFOXVLRQV 7KH SUHVHQW VWXG\ IRXQG \RXQJ PDOH WUDQVVH[XDOV PD\ EH
SRWHQWLDOO\ YXOQHUDEOH WR GHYHORS SV\FKLDWULF DQG IDPLOLDO SUREOHPV LQ
FRPSDULVRQ ZLWK KHDOWK\ FRQWUROV DOWKRXJK WKH H[LVWLQJ PHWKRGRORJLFDO
OLPLWDWLRQV)XUWKHUZHOOGHVLJQHGUHVHDUFKHVVKRXOGEHODXQFKHGWRFRQ¿UP
WKLVSUHOLPLQDU\VWXG\
32
$Q[LHW\'LVRUGHUVDQG'LVVRFLDWLRQ6\PSWRPDWRORJ\
2OLYHUD=LNLF
&OLQLFIRUPHQWDO+HDOWK3URWHFWLRQ<XJRVODYLD
'HMDQD6WHYFLF/MLOMDQD7UDMDQRYLF
2EMHFWLYHV ,W KDV EHHQ QRWLFHG WKDW GLVVRFLDWLYH V\PSWRPDWRORJ\ RFFXUV
PDLQO\ LQ KLJK DURXVDO VWDWHV %HVLGHV KLJK DURXVDO VWDWHV RIWHQ IROORZ
DQ[LHW\GLVRUGHUV'LVVRFLDWLRQV\PSWRPDWRORJ\RIWHQRFFXUVGXULQJSDQLF
DWWDFNV7KH DLP RI RXU LQYHVWLJDWLRQ LV WR GHWHUPLQH LI WKH SDWLHQWVZLWK
DQ[LHW\GLVRUGHUVSUHVHQWGLVVRFLDWLYHV\PSWRPDWRORJ\
0HWKRGV([SHULPHQWDODQGFRQWUROJURXSQXPEHUHGPHPEHUVHDFK:H
XVHGVWUXFWXUHGTXHVWLRQQDLUHIRUREWDLQLQJVRFLRGHPRJUDSKLFDQGPHGLFDO
KLVWRU\ GDWD DVZHOO DV7KH'LVVRFLDWLYH ([SHULHQFHV 6FDOH GLPHQVLRQDO
TXHVWLRQQDLUH IRU WKHDVVHVVPHQWRIGLVVRFLDWLRQV\PSWRPDWRORJ\:HDV
VHVVHGWKHOHYHORIDQ[LHW\E\WKH%HFN$Q[LHW\,QYHQWRU\
5HVXOWV5HVXOWVLQGLFDWHWKDWDQ[LHW\SDWLHQWVPDQLIHVWVLJQL¿FDQWO\KLJKHU
YDOXHVRIGLVVRFLDWLRQ LQ FRPSDULVRQ WR WKHKHDOWK\SRSXODWLRQ S 
+LJKDQ[LHW\OHYHOLQWHUYLHZHHVKDYHKLJKHUDYHUDJHYDOXHVRIGLVVRFLDWLRQ
LQFRPSDULVRQWRRWKHUJURXSV)HPDOHSDWLHQWVVXIIHULQJIURPDQ[LHW\GLV
RUGHUPDQLIHVWKLJKHUOHYHOVRIGLVVRFLDWLRQLQFRPSDULVRQWRPDOHSDWLHQWV
<RXQJHUSDWLHQWVXSWR\HDUVRIDJHKDYHVWDWLVWLFDOO\VLJQL¿FDQWKLJKHU
YDOXHVRIGLVVRFLDWLRQ LQ FRPSDULVRQ WR WKHKHDOWK\SRSXODWLRQ S 
'LVVRFLDWLRQVFRUHGHFUHDVHGZLWKWKHSURORQJDWLRQRIWKHHSLVRGH
&RQFOXVLRQV7KHUHLVFRQQHFWLRQEHWZHHQOHYHORIDQ[LHW\DQGGLVVRFLDWLRQ
V\PSWRPDWRORJ\LQSDWLHQWVZLWKDQ[LHW\GLVRUGHUV
5HIHUHQFHV
:DOOHU13XWQDP):	&DUOVRQ(% 7\SHVRIGLVVRFLDWLRQ
DQG GLVVRFLDWLYH W\SHV$ WD[RPHWULF DQDO\VLV RI GLVVRFLDWLYH H[SHULHQFHV
3V\FKRORJLFDO0HWKRGV±
:DWVRQ':X.'&XWVKDOO&6\PSWRPVXEW\SHVRIREVHVVLYH
FRPSXOVLYH GLVRUGHU DQG WKHLU UHODWLRQ WR GLVVRFLDWLRQ$Q[LHW\ 'LVRUGHUV
±
0LFKHOVRQ/-XQH.9LYHV$7HVWD60DUFKLRQH17KHUROH
RIWUDXPDDQGGLVVRFLDWLRQLQFRJQLWLYHEHKDYLRUDOSV\FKRWKHUDS\RXWFRPH
DQGPDLQWHQDQFHIRUSDQLFGLVRUGHUZLWKDJRUDSKRELD%HKDYLRXU5HVHDUFK
DQG7KHUDS\
32
7KH&RPSDULVRQRI*HQHUDOL]HG$Q[LHW\'LVRUGHU&DVHV
&RPRUELGZLWKRUZLWKRXW$OFRKRO'HSHQGHQFH
+XVQX(UNPHQ
%DNLUNR\7UDLQLQJDQG5HVHDUFK+RVSLWDOIRU3V\FKLDWULFDQG
1HXURORJLFDO'LVRUGHUV7XUNH\
$UPDJDQ<6DPDQFL6LQDQ2UKDQ
2EMHFWLYHV7KHVWXG\DLPVDWH[SORULQJOLQNEHWZHHQJHQHUDOL]HGDQ[LHW\
GLVRUGHUDQGDOFRKROGHSHQGHQFH:HKDGK\SRWKHVL]HGWKDWERWKJURXSVFDQ
EHVLPLODULWLHVDVWKHJDEDPHFKDQLVPFRXOGEHDFRPPRQGHWHUPLQDWRU:H
DOVRVWXGLHGLIWKHDOFRKROPD\UHVXOWLQJHQHUDOL]HGDQ[LHW\GLVRUGHU
0HWKRGVFDVHVRIJHQHUDOL]HGDQ[LHW\GLVRUGHUZLWKDOFRKROGHSHQGHQFH
ZHUHFRPSDUHGZLWKJHQHUDOL]HGDQ[LHW\GLVRUGHUFDVHVZLWKRXWDOFRKRO
SUREOHPV7KHUDQGRPL]HGVXEMHFWVZHUHDVVHVVHGE\6&,'3(1167$7(
:255<48(67,211$,5(+$0$+$0'$1'67$,$GLDJQRVZDV
EDVHGRQ'60,9FULWHULD
5HVXOWV7KHERWKJURXSVKDVJRWDKLJKGHJUHHRISDUHQWLQJSUREOHPV
DQGUHVSHFWLYHO\2QHWKLUGRIJURXSVKDGH[SHULHQFHGVHSDUDWLRQ
RUORVVLQWKHLUFKLOGKRRG7KHJURXSVKDGKLJKUDWLRRISKRELDVDQG
 :H DOVR VWXGLHG WLPH DQG GLDJQRVLV FRQWLQXXP7KH JHQHUDOL]HG
DQ[LHW\ JURXS UHYHDOHG DQ[LHW\GHSUHVVLRQDQ[LHW\  DQ[LHW\
RUGHSUHVVLRQDQ[LHW\FRQWLQXXP
:KLOVWJHQHUDOL]HGDQ[LHW\JURXSZLWKDOFRKROGHSHQGHQFHVKRZVDOFRKRO
DQ[LHW\GHSUHVVLRQ7KHUDWLRLVLIZHDGGDOFRKRO±GHSUHV
VLRQDQ[LHW\DQGDOFRKRODQ[LHW\FRQWLQXXPRQ WRSRIDOFRKRODQ[LHW\GH
SUHVVLRQFRQWLQXXP:HWKLQNWKHDOFRKROFDQUHVXOW LQJHQHUDOL]HGDQ[LHW\
GLVRUGHURYHUWKHWLPH
7KHUHZDVQRVWDWLVWLFDOGLIIHUHQFHLQWHUPVRIDQ[LHW\IRFXVVXFKDVIDPLO\
SHUVRQDO KHDOWK HFRQRPLF ZRUULHV DQG MRE VHFXULW\'HVSLWH WKH IDFW WKDW
WKHUHZDVQRVWDWLVWLFDOGLIIHUHQFHWKHERWKJURXSVKDGKLJKUDWLRRIVXLFLGDO
WKRXJKWVDQG7KHFRPRUELGLW\ZHUHKLJKDPRQJVWJHQHUDO
L]HGDQ[LHW\DQGJHQHUDOL]HGDQ[LHW\ZLWKDOFRKROGHSHQGHQFHJURXS0DMRU
GHSUHVVLRQDQGVLQJOHSKRELDDQGVRFLDO
SKRELD   DQG   G\VWK\PLD DQG  SDQLF GLVRUGHU
DQGDJRUDSKRELDDQG
:HDOVRVWXGLHGDQ[LHW\V\PSWRPVLQZKLFKWKHVLFNQHVVDQGZRPLWLQJZHUH
KLJKLQJHQHUDOL]HGDQ[LHW\JURXSDVRSSRVHGWREHH[SHFWHG,WKDVDVWDWLVWL
FDOO\PHDQLJIXOOS GLIIHUHQFH
&RQFOXVLRQV:HVXJJHVWWKDWWKDWDOFRKROUHODWHGJHQHUDOL]HGDQ[LHW\GLV
RUGHULVDVXLWDEOHGH¿QLWLRQIRUWKRVHZKRKDGJHQHUDOL]HGDQ[LHW\GLVRUGHU
ZLWKDOFRKROGHSHQGHQFH
5HIHUHQFHV
6KHU/7KHUROHRIHQGRJHQHRXVRSLRLGV\VWHPLQWKHSDWKRJHQHVLVRIDQ[L
HW\GLVRUGHUV0HG+\SKRWKHVLV-XQ
<RQNHUV.$HWDO)DFWRUVSUHGLFWLQJWKHFOLQLFDOFRXUVHRIJHQHUDOL]HGDQ[L
HW\GLVRUGHUV%U-3V\FKLDWU\
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7KH5HODWLRQVKLSEHWZHHQ6\PSWRPVRI$GXOW$'+'DQG
6WDWHDQG7UDLW$Q[LHW\
)XO\D0DQHU
%DNLUN|\+RVSLWDOIRU1HXURSV\FKLDWU\,VWDQEXO7XUNH\
6HQQXU*QD\8PXW0HUW$NVR\&DQDQ6DYUDQ$WLOOD7XUJD\
2EMHFWLYHV 3URPLQHQW V\PSWRPV RI $'+' HVSHFLDOO\ DWWHQWLRQ GH¿FLW
DQG LWV QHJDWLYH HIIHFWV LQ FKLOGUHQ GR SHUVLVW ZLWK WKH UDWHV  LQ ODWH
DGROHVFHQFHDQGDGXOWKRRGRI$'+'DGXOWVUHSUHVHQWRWKHUFRPRUELG
GLVRUGHUVLPSRUWDQWDOVRLQGLDJQRVLVRI$'+',QWKLVVWXG\ZHDLPHGWR
DVVHVVWKHUHODWLRQVKLSEHWZHHQ$'+'V\PSWRPVDQGVWDWHWUDLWDQ[LHW\LQ
LQGLYLGLXDOVRYHU\HDUVRIDJH
0HWKRGV 7KH VDPSOH ZDV VWXGHQWV DW WKH 8QLYHUVLW\ RI 0DUPDUD
Q 6WDWH7UDLW $Q[LHW\ ,QYHQWRU\ DQG $GXOW $'+' VFDOH ZHUH
DSSOLHG6WDWLVWLFDO DQDO\VLV ZHUH GRQH DFFRUGLQJ WR GHVFULSWLYH YDULDEOHV
XVHG7KHUHSUHVDQWDWLRQDOTXDOLWLHVRIXQLYHUVDOGLVSHUVLRQZHUHH[DPLQHG
ZLWK NROPRJRURYVPLUQRY WHVW 5HODWLRQV DPRQJ WKH SHUVLVWHQW YDULDEOHV
ZHUH DVVHVVHG ZLWK 3HDUVRQ PXOWLSOLFDWLRQ PRPHQWV$GXOW$''$'+'
'60,9EDVHGGLDJQRVWLFVFUHHQLQJDQGUDWLQJVFDOH7KHVFDOHLVFRPSRVHG
RIGLPHQVLRQVLWHPVUHJDUGLQJV\PSWRPVRIDWWHQWLRQGH¿FLWDFFRUGLQJ
WR'60,9LWHPVUHJDUGLQJV\PSWRPVRIK\SHUDFWLYLW\LPSXOVLYLW\EDVHG
!.8)%49¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
RQ'60,9LWHPVUHJDUGLQJSUREOHPVUHODWHGZLWK$'+'
5HVXOWV 7KHUH LV D SRVLWLYH FRUUHODWLRQ EHWZHHQ VWDWH DQ[LHW\ DQG LWHPV
RIGLPHQVLRQVUHJDUGLQJDWWHQWLRQGH¿FLWSUREOHPVDQG WRWDOVXPRIDGXOW
$''$'+'V\PSWRPVS7KLVLQGLFDWHVWKDWLQFUHDVHLQV\PSWRPV
RIDWWHQWLRQGH¿FLWDQGSUREOHPVLVGLUHFWO\UHODWHGZLWKDQLQFUHDVHRIVWDWH
DQ[LHW\7KH¶¶VWDWH¶¶FRPSRVHVKHUHHYDOXDWLRQRUH[DPLQDWLRQSURFHHGHGE\
DQLQYHVWLJDWRUDQGDQ[LHW\UHJDUGLQJSK\VLRORJLFDODQGFRJQLWLYHSURFHVVHV
RI WKLV µ¶VWDWH¶¶7KHUH LV QR VLJQL¿FDQW UHODWLRQVKLS EHWZHHQ K\SHUDFWLYLW\
DQGVWDWHDQ[LHW\7KHUHLVDSRVLWLYHUHODWLRQEHWZHHQWUDLWDQ[LHW\DQGLWHPV
RI GLPHQVLRQ UHJDUGLQJ SUREOHPV WRWDO VXP RI$GXOW$''$'+' 6FDOH
S7KDWPHDQVDQ[LHW\LQWKHVHLQGLYLGLXDOVLQFUHDVHLQGHSHQGHQWO\
RQ DQ\ µ¶VWDWH¶¶ RU FLUFXPVWDQFH7KHUH LV QR VLJQL¿FDQW UHODWLRQVKLSZLWK
K\SHUDFWLYLW\DQGDWWHQWLRQGH¿FLWVXEGLPHQVLRQRIWKH$GXOW$''$'+'
6FDOHDQG$Q[LHW\7UDLW,QYHQWRU\
&RQFOXVLRQV7KHUHLVVLJQL¿FDQWUHODWLRQEHWZHHQVWDWHDQ[LHW\DQGV\PS
WRPV UHJDUGLQJ DWWHQWLRQ GH¿FLW DQG SUREOHPV7KHUH ZDV QR VLJQL¿FDQW
UHODWLRQVKLSZLWKK\SHUDFWLYLW\DQGVWDWHDQ[LHW\:HIRXQGDGLUHFWUHODWLRQ
EHWZHHQ DQ[LHW\ WUDLW DQG SUREOHPV UHJDUGLQJ $'+'&OLQLFDOO\DQ[LHW\
V\PSWRPVFRXOGEHFRQIXVHGZLWKV\PSWRPVRIK\SHUDFWLYLW\UHODWHGSV\
FKRPRWRUDFFHOHUDWLRQLPSXOVLYLW\
5HIHUHQFHV
)DUDRQH69%LHGHUPDQ-9HDUN$WWHQWLRQ'H¿FLW+\SHUDFWLYLW\
'LVRUGHULQ$GXOWV$Q2YHUYLHZ%LRO3V\FKLDWU\
6FKXELQHU+7]HOHSLV$0LOEHUJHU6/RFNKDUW1.UXJHU0.HOOH\
%-6FKRHQHU(33UHYHOHQFHRIDWWHQWLRQGH¿FLWK\SHUDFWLYLW\GLV
RUGHUDQGFRQGXFWGLVRUGHUDQGVXEVWDQFHDEXVHUV-&OLQ3V\FKLDWU\

!.8)%49¬¬0OSTER¬3ESSION¬.O
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
32
3RVWHU6HVVLRQ1R
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/D\%HOLHIVDERXWWKH&DXVHVDQG3URJQRVLVRI'HPHQWLD
6HUJLR/%OD\
'HSDUWPHQWRI3V\FKLDWU\±81,)(636DR3DXOR%UD]LO
(733HOXVR
$LP 7KH DLP RI WKLV VWXG\ ZDV WR DVVHVV WKH SXEOLF¶V EHOLHIV DERXW WKH
FDXVHVDQGSURJQRVLVRIGHPHQWLD
0HWKRGV$ UHSUHVHQWDWLYHFLW\VDPSOHRI LQGLYLGXDOVDJHG WR
\HDUVZDVLQWHUYLHZHGLQ6DR3DXOR%UD]LO7KHDELOLW\WRLGHQWLI\WKHFDXVHV
RIGHPHQWLDDQGLWVSURJQRVLVZDVSUHVHQWHGWRUHVSRQGHQWVLQUHVSHFWWR
DYLJQHWWHGHSLFWLQJGHPHQWLD5HVSRQGHQWVZHUHDVNHGWRUDWHWKHLWHPV
OLVWRIFDXVDODJHQWVWREHHWLRORJLFDOO\UHOHYDQWFRQFHUQLQJGHPHQWLD1H[W
ZHDVNHGWKHPWRFKRRVHWKHPRVWLPSRUWDQWLWHPUHODWHGWRWKHFDXVHRIWKH
GLVRUGHUDQGWRHYDOXDWHLWVSURJQRVLV
5HVXOWV7KHSRSXODWLRQJDYHPXFKKLJKHULPSRUWDQFHWRQRQVSHFL¿FDJHQWV
UHODWHGWRGHYHORSPHQWRIGHPHQWLD:KHQLWHPVZHUHSURSRVHGWKH¿YH
OHDGLQJFDXVHVZHUH³GUXJDEXVH´³KHDGLQMXU\´³LVRODWLRQ´
³GLVRUGHURIWKHEUDLQ´³LPSRUWDQWOLIHHYHQW´$FFRUG
LQJWRWKHSXEOLFWKHWZRPRVWLPSRUWDQWFDXVHVRIGHPHQWLDZHUH³LVROD
WLRQ¶ DQG µGUXJDEXVH´ RI WKHSXEOLF FRQVLGHUHG WKDW
GHPHQWLDKDGSDUWLDORUWRWDOUHPLVVLRQZKHQSURSHUO\WUHDWHG
&RQFOXVLRQV7KHEHOLHIVRIJHQHUDOSXEOLFDERXWWKHFDXVHVDQGSURJQRVLV
RIGHPHQWLDGLIIHU IURP WKRVHDFFHSWHGE\SV\FKLDWULFH[SHUWV7KHSXEOLF
LGHQWLI\PDLQO\SV\FKRVRFLDOFDXVHV7KHSURJQRVLVLQFOXGHGSDUWLDORUWRWDO
UHPLVVLRQ7KLVGLVFUHSDQF\PD\OHDGWRDODFNRIZLOOLQJQHVVWRVHDUFKKHOS
IURPPHQWDOKHDOWKSURIHVVLRQDOV
%OD\6/
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3XEOLF¶V+DELOLW\WR5HFRJQLVH'HPHQWLDDQGWKHLU%HOLHIV
DERXWWKH+HOSIXOQHVVRI,QWHUYHQWLRQV
6HUJLR/%OD\
'HSDUWPHQWRI3V\FKLDWU\±81,)(636DR3DXOR%UD]LO
(733HOXVR
$LP7KHDLPRIWKLVVWXG\ZDVWRDVVHVVWKHSXEOLF¶VUHFRJQLWLRQRIGHPHQ
WLDDQGWKHLUEHOLHIVDERXWWKHKHOSIXOQHVVRILQWHUYHQWLRQV
0HWKRGV$ UHSUHVHQWDWLYHFLW\VDPSOHRI LQGLYLGXDOVDJHG WR
\HDUVZHUHLQWHUYLHZHGLQ6mR3DXOR%UD]LO7KHDELOLW\WRLGHQWLI\WKHGLVRU
GHUDQGVHYHQWHHQWUHDWPHQWSURSRVDOVZHUHSUHVHQWHGWRUHVSRQGHQWVLQ
UHVSHFWWRDYLJQHWWHGHSLFWLQJGHPHQWLD5HVSRQGHQWVZHUHDVNHGWRLQGLFDWH
WKHSUHVHQFHRI DKHDOWKSUREOHPDVZHOO DV LWV QDWXUH DQG WR LQGLFDWH WKH
WUHDWPHQWSURSRVDOVFRQVLGHUHGWREHKHOSIXORUKDUPIXO
5HVXOWV 0RVW RI WKH SDUWLFLSDQWV UHFRJQL]HG WKH SUHVHQFH RI D SUREOHP
 DQG QHDUO\ SURSHUO\ LGHQWL¿HG LW DVPHQWDO RU QHXURORJLFDO LQ
QDWXUH:KHQYDULRXVWUHDWPHQWSURSRVDOVZHUHUDWHGDVKHOSIXOIRUDSHUVRQ
GHVFULEHG LQ WKHYLJQHWWH WKH¿YH OHDGLQJDFWLRQVZHUHFRXQVHOLQJ
VSHFLDOGLHW³NHHSWKHPLQGEXV\´UHDGLQJUHOLJLRXV
SUDFWLFH 0DQ\ VWDQGDUG SV\FKLDWULF WUHDWPHQWVZHUH FRQVLGHUHG WR
EHKDUPIXO
&RQFOXVLRQV'HPHQWLD LV FOHDUO\ UHFRJQL]HG DV DPHQWDO SUREOHPE\ WKH
SRSXODWLRQ+RZHYHUWKHUHLVDODUJHGLVFUHSDQF\EHWZHHQUHFRJQLWLRQDQG
DSSURSULDWHLQWHUYHQWLRQDSSURDFK7KHUHLVURRPIRUDSXEOLFHGXFDWLRQDF
WLRQFRQFHUQLQJGHPHQWLDDQGLWVWUHDWPHQW
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%UDLQ$FWLYDWLRQE\9LVXDO(URWLF6WLPXOLLQ(OGHUO\+HDOWK\
0DOHV
-HRQJ+R&KDH
7KH&DWKROLF8QLYHUVLW\RI.RUHD.RUHD
:DQ6HRN<DQJ.\XQJ8N/HH:RQ0\RQJ%DK7DH<XQ-XQ
5DK\HRQJ-XK.RRN-LQ$KQ<RQJ$Q&KXQJ6DQJ,FN+DQ
2EMHFWLYHV$IHZVWXGLHVKDYHUHFHQWO\EHHQGRQHRQWKHUHODWLRQVKLSVEH
WZHHQEUDLQDFWLYDWLRQDQGVH[XDOUHVSRQVHXVLQJIXQFWLRQDOEUDLQLPDJLQJ
PHWKRGVEXWDOOWKHVWXGLHVKDYHEHHQIRFXVHGRQWKH\RXQJDGXOWV7KHDLP
RIWKLVVWXG\ZDVIRUWKH¿UVWWLPHWRLGHQWLI\EUDLQUHJLRQVDVVRFLDWHGZLWK
VH[XDODURXVDOHYRNHGE\YLVXDOVWLPXOLXVLQJIXQFWLRQDOPDJQHWLFUHVRQDQFH
LPDJLQJI05,LQHOGHUO\KHDOWK\PDOHV
0HWKRGV:H HPSOR\HG I05, WR H[DPLQH WKH EUDLQ DFWLYDWLRQ E\ YLVXDO
HURWLFVWLPXOLLQHOGHUO\KHDOWK\KHWHURVH[XDOPDOHVPHDQDJHUDQJH
 WR(DFKVXEMHFWZDVH[SRVHG WR WKUHHVHTXHQFHVRIYLGHRPDWHULDO
FRQVLVWLQJRIH[SOLFLWO\HURWLF(UHOD[LQJ5DQGVSRUWV6VHJPHQWVLQ
DQXQSUHGLFWDEOHRUGHU7UDGLWLRQDOEORFNDQDO\VHVXVLQJFRQWUDVWVEHWZHHQ
VH[XDOO\ DURXVLQJ DQG QRQDURXVLQJ YLGHR FOLSV ZHUH SHUIRUPHG XVLQJ
630
5HVXOWV6WURQJEUDLQDFWLYDWLRQVDVVRFLDWHGZLWKYLVXDOHURWLFVWLPXOLZHUH
REVHUYHGLQWKHRFFLSLWRWHPSRUDODUHDOHIWFLQJXODWHJ\UXVULJKWLQVXODULJKW
FRUSXVFDOORVXPELODWHUDORUELWRIURQWDODUHDDQGELODWHUDOFDXGDWHQXFOHXV
+RZHYHUWKDODPXVK\SRWKDODPXVZHUHQRWDFWLYDWHG
&RQFOXVLRQV7KLVVWXG\VKRZVWKHDVVRFLDWLRQRIWKHEUDLQDFWLYDWLRQZLWK
YLVXDO HURWLF VWLPXOL LQ HOGHUO\ PDOHV 1RQDFWLYDWLRQ RI K\SRWKDODPXV
DQG WKDODPXV LVFRQVLVWHQWZLWK WKHK\SRWKHVHV WKDWHOGHUO\PDOHVDUH OHVV
DURXVHGWRWKHYLVXDOVH[XDOVWLPXOLWKDQ\RXQJPDOHV
5HIHUHQFHV
5HGRXWH-6WROHUX6*UHJRLUH0&&RVWHV1&LQRWWL//DYHQQH)/H%DUV
')RUHVW0*3XMRO-)%UDLQSURFHVVLQJRIYLVXDOVH[XDOVWLPXOLLQ
KXPDQPDOHV+XP%UDLQ0DSSLQJ
3DUN.6HR--.DQJ+.5\X6%.LP+--HRQJ*:$QHZSR
WHQWLDORIEORRGR[\JHQDWLRQ OHYHOGHSHQGHQW %2/' IXQFWLRQDO05, IRU
HYDOXDWLQJFHUHEUDOFHQWHUVRISHQLOHHUHFWLRQ,QW-,PSRW5HV
.DUDPD6/HFRXUV$5/HURX[-0%RXUJRXLQ3%HDXGRLQ*-RXEHUW6
%HDXUHJDUG0HWDO$UHDVRIEUDLQDFWLYDWLRQLQPDOHVDQGIHPDOHV
GXULQJYLHZLQJRIHURWLF¿OPH[FHUSWV+XPDQ%UDLQ0DSSLQJ
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&RJQLWLYH(QKDQFHPHQWLQ$$0,)ROORZLQJ7UHDWPHQWZLWK
,VSURQLFOLQH7&
*HRIIUH\'XQEDU
7DUJDFHSW,QF86$
5DPDQD.XFKLEKDWOD-LP:DPVOH\
%DFNJURXQG 1HXURQDO QLFRWLQLF DFHW\OFKROLQH UHFHSWRU 115 DJRQLVWV
DUH FDSDEOH RI DIIHFWLQJ YDULRXV DVSHFWV RI FRJQLWLRQ LQFOXGLQJ DWWHQWLRQ
PHPRU\DQGOHDUQLQJLQQRUPDODQGFRJQLWLYHO\LPSDLUHGVXEMHFWV1LFRWLQH
GHOLYHUHG WUDQVGHUPDOO\ WR HOGHUO\ VXEMHFWV ZLWK DJH DVVRFLDWHG PHPRU\
LPSDLUPHQW$$0,LPSURYHGDWWHQWLRQPHDVXUHGREMHFWLYHO\DQGPHPRU\
PHDVXUHGVXEMHFWLYHO\EXWKDGVLGHHIIHFWVLQFOXGLQJQDXVHDOLJKWKHDGHG
QHVV DQG SDOSLWDWLRQV  ,VSURQLFOLQH LV D VHOHFWLYH SDUWLDO DJRQLVW DW WKH
&16Įȕ115 WKDW GRHV QRW DFWLYDWH JDQJOLRQ RUPXVFOHW\SH QLFRWLQLF
UHFHSWRUV,WLVRUDOO\DFWLYHDQGKDVORQJODVWLQJFRJQLWLYHHIIHFWVLQDQLPDOV
DQGQHXURSURWHFWLYHHIIHFWVLQYLWUR
0HWKRGV7ZRSODFHERFRQWUROOHGVWXGLHVLQHOGHUO\VXEMHFWVDJHG!
\HDUVZLWK$$0,KDYHEHHQFRPSOHWH%RWKXVHGDFURVVRYHUGHVLJQ WKH
¿UVW 1  LQYROYHG VLQJOH GRVHV VHSDUDWHG E\  GD\V ZDVKRXW DQG WKH
VHFRQG1 LQYROYHGZHHNVGRVLQJVHSDUDWHGE\DZHHNZDVK
RXW$VLQJOHGRVHRIPJZDVXVHGLQWKH¿UVWVWXG\DQGGRVHVRIPJ
DQGPJJLYHQ RQFH GDLO\ZHUH XVHG LQ VHSDUDWH FRKRUWV LQ WKH VHFRQG
WULDO,QWKLVODWWHUVWXG\YROXQWHHUVPHWVXEMHFWLYHDQGREMHFWLYHFULWHULDIRU
$$0,GH¿QHGXVLQJ:HFKVOHU0HPRU\6FDOH5HYLVHG3DLUHG$VVRFLDWH
/HDUQLQJ&RJQLWLYHSHUIRUPDQFHZDVDVVHVVHGXVLQJ WKH&RJQLWLYH'UXJ
5HVHDUFK&'5WHVWEDWWHU\7KLVEDWWHU\LQFOXGHVWDVNVWKHVFRUHVIURP
ZKLFKFRPSULVHIDFWRUV
5HVXOWV$IWHUVLQJOHGRVHVRIPJDSRVLWLYHHIIHFWRQFRJQLWLRQZDVVHHQ
$Q LPSURYHPHQWRFFXUUHGRQ WKH4XDOLW\RI(SLVRGLF6HFRQGDU\0HPRU\
.%52/$%'%.%2!4)6%¬$)3/2$%23¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
IDFWRU VFRUH7KLVHIIHFWZDVVHHQXS WRKRXUVSRVWGRVHZKHQSODVPD
OHYHOVRI LVSURQLFOLQHZHUHQHJOLJLEOH7òHOLPLQDWLRQKRXUVDQGZDV
VWDWLVWLFDOO\ VLJQL¿FDQW )ROORZLQJZHHNV WUHDWPHQWZLWK PJ SRVLWLYH
HIIHFWVZHUHVHHQRQWKH3RZHURI$WWHQWLRQ&RQWLQXLW\RI$WWHQWLRQ4XDOLW\
RI(SLVRGLF6HFRQGDU\0HPRU\DQG6SHHGRI0HPRU\IDFWRUVIURPWKH&'5
WHVWEDWWHU\2QVHYHUDORIWKHVHYDULDEOHVDVLJQL¿FDQWWUHDWPHQWE\SHULRG
LQWHUDFWLRQ ZDV VHHQ 2QH SRVVLEOH LQWHUSUHWDWLRQ ZDV D FRQWLQXLQJ SRVL
WLYHHIIHFWRQFRJQLWLRQXSWRZHHNVIROORZLQJGLVFRQWLQXDWLRQRIDFWLYH
WKHUDS\3.3'FRUUHODWLRQV LQGLFDWHGPRVW EHQH¿WZDV VHHQZLWK SODVPD
&PD[YDOXHVLQWKHUDQJHQJPO$OOWKUHHGRVHVRILVSURQLFOLQHZHUH
VDIHDQGZHOOWROHUDWHG
5HIHUHQFHV
:KLWH +. DQG /HYLQ ('  &KURQLF WUDQVGHUPDO QLFRWLQH SDWFK
WUHDWPHQWHIIHFWVRQFRJQLWLYHSHUIRUPDQFH LQDJHDVVRFLDWHGPHPRU\ LP
SDLUPHQW3V\FKRSKDUPDFRORJ\
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(YRNHGIDUILHOG3RWHQWLDOV2ULJLQDWLQJIURPWKH9DJXV
1XFOHLLQWKH%UDLQVWHP±1HZ'LDJQRVWLF3RVVLELOLWLHVIRU
1HXURGHJHQHUDWLYH'LVRUGHUV"
$QGUHDV-)DOOJDWWHU
'HSWIRU3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\RI:XHU]EXUJ
*HUPDQ\
7K05LQJHO7K3RODN68QWHUHFNHU$&(KOLV
0-+HUUPDQQ
2EMHFWLYHV 5HFHQWO\ WKH YDJXV QXFOHL LQ WKH EUDLQVWHP KDYH FRPH LQWR
WKH IRFXV RI LQWHUHVW LQ SV\FKLDWULF DQG QHXURORJLFDO UHVHDUFK PDLQO\ IRU
WZRUHDVRQV)LUVWO\WKHLUIXQFWLRQLVDOWHUHGHDUO\LQWKHFRXUVHRIERWKLQ
$O]KHLPHU¶V 3DUYL]L HW DO  DQG3DUNLQVRQ¶VGLVHDVH 'HO7UHGLFL HW
DO%UDDNHWDO6HFRQGO\WKHHOHFWULFDOVWLPXODWLRQRIWKHOHIW
YDJXVQHUYHLQWKHQHFNE\PHDQVRIDQLPSODQWHGVWLPXODWRUKDVSURYHQWR
KDYH DGGLWLRQDO WKHUDSHXWLF HIIHFWV LQ ERWK HSLOHSV\ DQG GHSUHVVLRQ EHLQJ
UHVLVWDQWWRVWDQGDUGSKDUPDFRORJLFDOWUHDWPHQW
0HWKRGV%DVHGRQWKHVH¿QGLQJVDPHWKRGIRUWKHQRQLRQYDVLYHPHDVXUH
PHQWRI IDU¿HOGSRWHQWLDOV IURP WKHYDJXVQXFOHL HYRNHGE\PHDQVRIDQ
HOHFWULFDOVWLPXODWLRQYLDDSHULSKHUDOEUDQFKRIWKHQHUYHLQWKHRXWHUHDULV
DSRWHQWLDOO\LQWHUHVWLQJGLDJQRVWLFSURFHGXUH
5HVXOWV 9DJXV 6HQVRU\ (YRNHG 3RWHQWLDOV 96(3 FDQ EH HOLFLWHG LQ D
UHOLDEOHPDQQHU LQ \RXQJHU DQG HOGHUO\KHDOWK\ VXEMHFWV)LUVW VLQJOH FDVH
VWXGLHVSRLQWWRGLPLQLVKHG96(3DPSOLWXGHVLQSDWLHQWVZLWK$O]KHLPHU¶V
GHPHQWLD 3DUNLQVRQ¶V GLVHDVH DQG0XOWLSOH 6FOHURVLVZLWK EUDLQ VWHP DI
IHFWLRQ
&RQFOXVLRQV)XUWKHUVWXGLHVDUHQHFHVVDU\ZKLFKV\VWHPDWLFDOO\LQYHVWLJDWH
FKDQJHVLQ96(3PHDVXUHVLQSDWLHQWVZLWKQHXURGHJHQHUDWLYHDQGGHSUHV
VLYHGLVRUGHUVLQRUGHUWRHOXFLGDWHWKHLUGLDJQRVWLFVSHFL¿W\DQGYDOLGLW\
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0HPDQWLQH2YHUDOO(IILFDF\DQG7ROHUDELOLW\LQ0RGHUDWHWR
6HYHUH$'
1DQFR+HIWLQJ
+/XQGEHFN$6'HQPDUN
-DPHV&RRSHU+HQULN/RIW
2EMHFWLYHV7RHYDOXDWHWKHRYHUDOOHI¿FDF\DQGWROHUDELOLW\RIPHPDQWLQH
[PJGD\YHUVXVSODFHERLQSDWLHQWVZLWKPRGHUDWHWRVHYHUH$O]KHLP
HU¶V'LVHDVH$'
0HWKRGV7KLVSRROHGDQDO\VLVLQFOXGHVGDWDIURPWKHWKUHHFRPSOHWHG
ZHHNPXOWLFHQWUHUDQGRPLVHGSODFHERFRQWUROOHGSDUDOOHOJURXSGRX
EOHEOLQGVWXGLHVLQYHVWLJDWLQJPHPDQWLQHLQRXWSDWLHQWV\HDUVRIDJH,Q
RQHVWXG\PHPDQWLQHRUSODFHERZDVDGGHGWRH[LVWLQJVWDEOHWUHDWPHQWZLWK
GRQHSH]LO3DWLHQWVKDGWRKDYHDGLDJQRVLVRI$'DFFRUGLQJWR1,1&'6
$'5'$ FULWHULD DQG DQ 006( VFRUH EHWZHHQ  RU  DQG  DW HQWU\
6WDQGDUGVDIHW\HYDOXDWLRQVZHUHSHUIRUPHGDQGHI¿FDF\ZDVDVVHVVHGXVLQJ
WKH IROORZLQJ LQVWUXPHQWV6HYHUH ,PSDLUPHQW%DWWHU\ 6,%$FWLYLWLHVRI
'DLO\ /LYLQJ $'&6$'/ &OLQLFLDQ¶V ,QWHUYLHZ%DVHG ,PSUHVVLRQ RI
&KDQJH3OXV&DUHJLYHU,QSXW&,%,&DQGWKH1HXURSV\FKLDWULF,QYHQWRU\
13,7KHSHUFHQWDJHVRISDWLHQWVZKRUHVSRQGHGWRWUHDWPHQWGH¿QHGDV
VWDELOLVDWLRQRULPSURYHPHQWIURPEDVHOLQHZHUHDOVRDQDO\VHG6WDWLVWLFDO
DQDO\VHVZHUHSHUIRUPHGXVLQJ$1&29$ZLWK2&DQG/2&)DSSURDFKHV
DQGFHQWUHDQGEDVHOLQHYDOXHVDVFRYDULDWHVZKHUHDSSURSULDWH
5HVXOWV 7KHUH ZHUH  SDWLHQWV UDQGRPLVHG WR PHPDQWLQH DQG  WR
SODFHER$OO HI¿FDF\ PHDVXUHV ZHUH VWDWLVWLFDOO\ VLJQL¿FDQW LQ IDYRXU RI
PHPDQWLQHDWHQGSRLQW&,%,&S6,%S$'&6$'/S
DQG13,S/2&)
7KHSHUFHQWDJHVRI UHVSRQGHUVZHUHFRQVLVWHQWO\KLJKHU LQ WKHPHPDQWLQH
JURXS WKDQ LQ WKHSODFHERJURXSSIRU WKH6,%$'&6$'/DQG
&,%,& /2&) 7KH /2&) DQG 2& RXWFRPHV ZHUH FRQVLVWHQW IRU DOO
DQDO\VHV
,QWRWDOSDWLHQWVLQWKHPHPDQWLQHJURXSDQGLQWKHSODFHER
JURXSFRPSOHWHGWUHDWPHQW0HPDQWLQHZDVZHOOWROHUDWHGDSSUR[L
PDWHO\RI WKHSDWLHQWV RQPHPDQWLQH DQGRQSODFHERZLWKGUHZ
GXHWRDGYHUVHHYHQWV7KHUHZHUHQRFOLQLFDOO\UHOHYDQWFKDQJHVZLWKLQRU
GLIIHUHQFHVEHWZHHQWUHDWPHQWJURXSVLQODERUDWRU\YDOXHVRUYLWDOVLJQV
&RQFOXVLRQV 7KLV DQDO\VLV FRQ¿UPV WKH VLJQL¿FDQW WUHDWPHQW EHQH¿W RI
PHPDQWLQHLQPRGHUDWHWRVHYHUH$'DQGSURYLGHVIXUWKHUHYLGHQFHWKDWWKH
GUXJLVZHOOWROHUDWHGLQWKLVSDWLHQWSRSXODWLRQ
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$SSOLFDWLRQRIWKH[0$30XOWLSOH[3ODWIRUPIRUD
6LPXOWDQHRXV$QDO\VLVRI%HWD$P\ORLG7RWDO7DXDQG
3KRVSKRU\ODWHG7DX/HYHOVLQ&6)IURP3DWLHQWVZLWK(DUO\
'HPHQWLDDQG0LOG&RJQLWLYH,PSDLUPHQW0&,
3LRWU/HZF]XN
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\RI
(UODQJHQ1XUHPEHUJ(UODQJHQ*HUPDQ\
+XJR9DQGHUVWLFKHOH(XJHHQ9DQPHFKHOHQ-RKDQQHV.RUQKXEHU
-HQV:LOWIDQJ
2EMHFWLYHV0LQLPL]LQJWKHUHTXLUHG&6)VDPSOHYROXPHIRUGHWHUPLQDWLRQ
RIQHXURFKHPLFDOGHPHQWLDELRPDUNHUVZRXOGFHUWDLQO\RSWLPL]HPDQDJH
PHQWRIWKLVSUHFLRXVPDWHULDOLQODERUDWRU\
0HWKRGVZHWHVWHGWKHSHUIRUPDQFHRIWKH,112%,$$O]%LRDVVD\,Q
QRJHQHWLFV*KHQW%HOJLXPIRUUHVHDUFKXVHRQO\XVLQJ[0$3WHFKQRO
RJ\7KLVDVVD\DOORZVWKHVLPXOWDQHRXVTXDQWL¿FDWLRQRIWKUHHELRPDUNHUV
EHWDDP\ORLG WRWDO WDX DQG WDX SKRVKRU\ODWHG DW WKUHRQLQH  LQ D
VLQJOH PLFUR/ &6) VDPSOH 7KH UHVXOWV RI PXOWLSOH[LQJ DQDO\VLV ZHUH
FRPSDUHGZLWKVLQJOHSDUDPHWHU(/,6$GHWHUPLQDWLRQV7KHFRQFHQWUDWLRQV
RIWKHVHELRPDUNHUVLQWKH&6)RISDWLHQWVZLWKHDUO\$O]KHLPHU¶VGLVHDVH
PLOGFRJQLWLYHLPSDLUPHQW0&,DQGRWKHUGHPHQWLDVZHUHGHWHUPLQHG
5HVXOWV$ KLJK FRUUHODWLRQ EHWZHHQ WKH UHVXOWV RI WKH WZRPHWKRGV ZDV
REVHUYHG
&RQFOXVLRQV:H FRQFOXGH WKDW WKH [0$3 SODWIRUP RIIHUV D QRYHO RS
SRUWXQLW\IRURSWLPL]HGPDQDJHPHQWRIELRORJLFDOPDWHULDODQG ODERUDWRU\
WLPH
&RUUHVSRQGLQJDXWKRU-HQV:LOWIDQJ#SV\FKLPHGXQLHUODQJHQGH
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'HPHQWLDDV3ULPDU\6\PSWRPLQ/DWH2QVHW0XOWLSOH
6FOHURVLV±&DVH6HULHVDQG5HYLHZRIWKH/LWHUDWXUH
7KRPDV/H\KH
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\RI
7ELQJHQ*HUPDQ\
&/DVNH*%XFKNUHPHU+:LHQGO
2EMHFWLYHV&RJQLWLYHLPSDLUPHQWLVPHDQZKLOHDFFHSWHGDVDZHOONQRZQ
V\PWRPDWRORJ\DIIHFWLQJXSWRRIWKHSDWLHQWVHYHQLQWKHHDUO\GLVHDVH
FRXUVHRI0XOWLSOH6FOHURVLV06$IWHUDORQJHUGXUDWLRQWKHGHYHORSPHQW
RIGHPHQWLDLVQRWXQXVXDO+RZHYHUFRJQLWLYHG\VIXQFWLRQDVWKHSULPDU\
RU RQO\ PDQLIHVWDWLRQ RI06 LV WKRXJKW WR EH UDUH DQG FRQVHTXHQWO\ QRW
FRQVLGHUHGDVUHOHYDQWGLIIHUHQWLDOGLDJQRVLVRIGHPHQWLD$FDVHVHULHVVKDOO
VKRZWKDWGHPHQWLDFDQEHWKH¿UVWV\PSWRPRIODWHRQVHW067KHLQLWLDO
V\PSWRPVFRXUVHDQGSURJQRVLVRI06LQWKHHOGHUO\GHVFULEHGLQWKHOLWHUD
WXUHVKDOOEHVXPPDUL]HG
0HWKRGV6L[FDVHVRIHOGHUO\SDWLHQWVZLWKEHJLQQLQJGHPHQWLDZKRZHUH
IRXQGWRKDYHHYLGHQFHRIDFKURQLFLQÀDPPDWRU\&16SURFHVVFRPSDWLEOH
ZLWKWKHGLDJQRVLVRI06DUHSUHVHQWHG%\D0('/,1(VHDUFKFDVHVRI06
ZLWKLQLWLDOV\PSWRPVDIWHU\HDUVZHUHUHYLHZHG
.%52/$%'%.%2!4)6%¬$)3/2$%23¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
5HVXOWV7KHGHVFULEHGSDWLHQWVZHUHUHIHUUHGWRWKHPHPRU\FOLQLFRIRXU
SV\FKLDWULFXQLYHUVLW\KRVSLWDOEHFDXVHRIEHJLQQLQJGHPHQWLD7KHFRJQLWLYH
GHFOLQHLQDOOFDVHVIHPDOHPDOHEHJDQWR\HDUVEHIRUHDGPLVVLRQ
$OORIWKHPZHUHROGHUWKDQ\HDUVDW WKHEHJLQQLQJRIWKHLUV\PSWRPD
WRORJ\ 1R06W\SLFDO V\PSWRPV KDYH RFFXUUHG EHIRUH H[FHSW WUDQVLWRU\
YLVLRQ GLVRUGHU LQ RQH SDWLHQW  \HDUV DJR -XVW LQ RQH FDVH SURJUHVVLYH
JDLW GLVWXUEDQFHV EHJLQQLQJ DIWHU FRJQLWLYH GHFOLQH FRQWULEXWHG WR UHVWULF
WLRQ LQ WKH DFWLYLWLHV RI GDLO\ OLYLQJ$OO SDWLHQWV KDG SRVLWLYH ROLJRFORQDO
EDQGV LQ WKH FHUHEURVSLQDO ÀXLG &6) 2WKHUZLVH H[WHQVLYH EORRG WHVWV
DQG&6) DQDO\VLV LQFOXGLQJPDUNHUV IRU YDVFXOLWLVPHWDEROLF QHRSODVWLF
SDUDQHRSODVWLFQHXURGHJHQHUDWLYHRURWKHULPPXQRORJLFDOGLVRUGHUVDVZHOO
DV PLFURELRORJLFDOYLURORJLFDO H[DPLQDWLRQ GLG QRW SRLQW WR DQ\ VSHFL¿F
HWLRORJ\9LVXDOHYRNHGSRWHQWLDOVZHUHDEQRUPDOO\GHOD\HGLQFDVHVFRP
SDWLEOHZLWKDGHP\HOLQDWLQJSURFHVV0DJQHWLFUHVRQDQFHLPDJLQJVKRZHG
GLVVHPLQDWHGOHVLRQVFRPSDWLEOHZLWKWKHGLDJQRVLVRI06
'DWDRIFDVHVRIWKHOLWHUDWXUHUHYHDOHGPRWRUGLVWXUEDQFHVDVWKHPDLQ
LQLWLDOV\PSWRPDQGDSULPDU\SURJUHVVLYHFRXUVHZLWKXQIDYRXUDEOHSURJ
QRVLVLQODWHRQVHW068QWLOQRZGHPHQWLDDVSULPDU\V\PSWRPDWRORJ\ZDV
QRWGHVFULEHGLQSDWLHQWVROGHUWKDQ\HDUV
&RQFOXVLRQV3RVVLEO\06DVGLIIHUHQWLDOGLDJQRVLVLQGHPHQWLDDVZHOODV
FRJQLWLYHLPSDLUPHQWDVLQLWLDOV\PSWRPRI06LVXQGHUUHFRJQL]HG
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([SUHVVLRQRI&'&'DQG&'E\3HULSKHUDO%ORRG
0RQRQXFOHDU&HOOVLQ3DWLHQWVZLWK$O]KHLPHU'LVHDVH
-XDQ0DQXHO0DOHU
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\RI
(UODQJHQ1XUHPEHUJ*HUPDQ\
3KLOLSS6SLW]HU0DUWLQ+HUUPDQQ+HUPDQQ(VVHOPDQQ
3LRWU/HZF]XN-RKDQQHV.RUQKXEHU-HQV:LOWIDQJ
2EMHFWLYHV7KUHHPDMRUHYHQWVFRQWULEXWHWRWKHQHXURSDWKRORJLFDOFKDQJHV
IRXQGLQWKHEUDLQVRISDWLHQWVZLWK$O]KHLPHUGLVHDVH$'QHXURLQÀDP
PDWLRQ IRUPDWLRQRI LQWUDFHOOXODUQHXUR¿EULOODU WDQJOHVRIK\SHUSKRVSKRU
\ODWHGWDXSURWHLQDQGGHSRVLWLRQRIȕDP\ORLG$ȕSHSWLGHVLQWRSODTXHV
3KHQRW\SLFFKDUDFWHUL]DWLRQRISHULSKHUDOEORRGPRQRQXFOHDUFHOOV3%0&
IURP $' SDWLHQWV VKRZHG DQ XSUHJXODWLRQ RI WKH DP\ORLG SUHFXUVRU
SURWHLQ $33 RQ EORRG PRQRF\WHV DQG VKLIWV LQ 3%0& VXESRSXODWLRQV
)XUWKHUPRUH UHFHQW HYLGHQFH LQGLFDWHV WKDW$ȕ SHSWLGHV DUH FOHDUHG IURP
EUDLQWKURXJKWUDQVSRUWDFURVVWKHEORRGEUDLQEDUULHU7KH$33$ȕSHSWLGH
GHJUDGLQJHFWRSHSWLGDVHVQHSULO\VLQ&'DPLQRSHSWLGDVH1&'DQG
GLSHSWLG\ODPLQRSHSWLGDVH,9&'DUHUHJXODUO\H[SUHVVHGRQWKHVXUIDFH
RI3%0&7KXVWKHDLPRIRXUVWXG\ZDVWRDVVHVVZKHWKHUXSUHJXODWLRQ
RI&'&'DQG&'RQ3%0&IURP$'SDWLHQWVPLJKWFRQWULEXWHWR
$ȕSHSWLGHFOHDUDQFHIURPEORRG
0HWKRGV3HULSKHUDOEORRGPRQRQXFOHDUFHOOV3%0&ZHUHLVRODWHGIURP
SDWLHQWVZLWKPLOG$O]KHLPHUGHPHQWLD006(FOLQLFDOO\GLDJQRVHG
DFFRUGLQJWRWKHFULWHULDRI1,1&'6$'5'$Q DQGDJHVH[PDWFKHG
QRQGHPHQWHGFRQWUROSHUVRQVQ $'SDWLHQWVZHUHIXUWKHUFKDUDFWHU
L]HGE\HOHYDWHGWDXSURWHLQDQGDGHFUHDVHRI$ȕLQWKHFHUHEURVSLQDO
ÀXLG ,PPXQHSKHQRW\SLQJZDVSHUIRUPHGE\ LQFXEDWLRQZLWK),7&FRQ
MXJDWHGPRQRFORQDO DQWLERGLHV P$E GLUHFWHG DJDLQVW &' &' DQG
&'%'%LRVFLHQFHV3KDUPLQJHQ*HUPDQ\$OVDPSOHFRQWDLQLQJ
[FHOOV LQEXIIHU 3%6ERYLQHVHUXPDOEXPLQP0('7$ZDV
LQFXEDWHGZLWK WKH UHVSHFWLYHP$E DW WKH FRQFHQWUDWLRQ UHFRPPHQGHGE\
WKHPDQXIDFWXUHU PLQ & 6XEVHTXHQWO\ FHOOV ZHUH ¿[HGZLWK 3%6
FRQWDLQLQJSDUDIRUPDOGHK\GHS+&DQGDQDO\VHGZLWKDÀRZ
F\WRPHWHU(3,&6;/%HFNPDQQ&RXOWHU$SSURSULDWHLVRW\SHDQWLERG
LHVVHUYHGDVQHJDWLYHFRQWUROV
5HVXOWV)$&6DQDO\VLVRI3%0&UHYHDOHGWKDWQHLWKHUH[SUHVVLRQRI&'
QRU&'ZDVXSUHJXODWHGLQ$'SDWLHQWVZLWKUHVSHFWWRKHDOWK\VXEMHFWV
$VLPLODUGLVWULEXWLRQZDVIRXQGLIPRQRF\WHDQGO\PSKRF\WHSRSXODWLRQV
ZHUHDVVHVVHGVHSDUDWHO\,Q$'SDWLHQWVWKHQXPEHURI&'O\PSKRF\WHV
$'  FRQWURO  S   DQG &' PRQRF\WHV $' 
FRQWUROQRVLJQL¿FDQWGLIIHUHQFHZDVVOLJKWO\LQFUHDVHG,QWKH$'
JURXSDVLJQL¿FDQWLQFUHDVHLQWKH&'DQWLJHQH[SUHVVLRQDQGDGHFUHDVH
&'H[SUHVVLRQZDVREVHUYHG$VLPLODUGLVWULEXWLRQRI&'DQG&'
FHOOVXEVHWVZDVIRXQGLQ$'SDWLHQWVDQGFRQWUROSHUVRQV
&RQFOXVLRQV 7KXV LW VHHPV XQOLNHO\ WKDW XSUHJXODWLRQ RI HFWRSHSWLGDVHV
SOD\VDPDMRUIXQFWLRQDOUROHLQWKHFOHDUDQFHRI$ȕSHSWLGHVIURPSHULSKHUDO
EORRG LQ WKH VWDJH RI PLOG$' 7KH DOWHUDWLRQV LQ &' DQG &' FHOO
VXEVHWV KDYH EHHQ REVHUYHG SUHYLRXVO\ DQG FRXOG LQGLFDWH DQ DOWHUHG LP
PXQRORJLFDOVWDWXVLQ$'SDWLHQWV)XUWKHUVWXGLHVZLOOFODULI\ZKHWKHUWKHVH
¿QGLQJVFDQEHFRQ¿UPHGLQSDWLHQWVZLWK0&,RUODWHUVWDJHVRI$'
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&RJQLWLYH3URILOH0RRG'LVRUGHUVDQGWKH&DSDFLW\RI
$FFRPSOLVKLQJ'DLO\$FWLYLWLHVRI,QVWLWXWLRQDOL]HG2OG3HRSOH
)UDQFLVFR3DVFRDO-U
)HGHUDO8QLYHUVLW\RI5LR*UDQGHGR1RUWHDQG,QVWLWXWH-XYLQR
%DUUHWR%UD]LO
2EMHFWLYHVDQDO\]HWKHFRJQLWLYHSUR¿OHPRRGGLVRUGHUVDQGWKHFDSDFLW\
RI DFFRPSOLVKLQJ GDLO\ DFWLYLWLHV RI WKH ROGDJHG SHRSOH IURP WKH -XYLQR
%DUUHWR,QVWLWXWH1DWDO51
0HWKRGVDSURWRFRO LQFOXGLQJ'DLO\/LIH$FWLYLWLHV'/$0LQL0HQWDO
6WDWH([DPLQDWLRQ006(DQGWKH*HULDWULF'HSUHVVLRQ6FDOHZDVDSSOLHG
EHWZHHQ2FWREHUDQG'HFHPEHU LQHOGHUVDOORI WKHPZLWKPRUH
WKDQ\HDUVROGDQGOLYLQJLQWKHSDYLOLRQVRIWKHLQVWLWXWLRQ
5HVXOWVWKHDFFRPSOLVKPHQWRI'/$VKRZHGLQGHSHQGHQFHLQSDUWLDO
IXQFWLRQDOLPSDLUPHQWLQDQGZLWKLPSRUWDQWIXQFWLRQDOLPSDLUPHQW
7KHFRJQLWLYHHYDOXDWLRQIRU006(VXJJHVWHGRIFRJQLWLYHGH¿FLW
 DOWHUDWLRQ QRQ VXJJHVWLYH RI GH¿FLW DQG  SUHVHUYHG FRJQLWLYH
IXQFWLRQV$O]KHLPHUGLVHDVHGHPHQWLDGHOLULXPVOHHS
GLVRUGHUV 3DUNLQVRQGLVHDVH PHQWDOGLVRUGHUV  OLNHDJ
JUHVVLRQ  KDOOXFLQDWLRQ  DQG UHWUDFWLQJ DSDWK\  7KHUH
ZHUH VXVSLFLRQV RI GHSUHVVLRQ LQ  XVLQJ *HULDWULF 'HSUHVVLRQ 6FDOH
2QO\PDNHWUHDWPHQWIRUWKHGHSUHVVLRQ
&RQFOXVLRQVDVIXQFWLRQDOGHFOLQHLVDVLJQRIVHULRXVDFXWHLOOQHVV WKHVH
HYLGHQFHVRIFRJQLWLYHGH¿FLWVIRXQGHGLQWKLVSRSXODWLRQUHPDUNWKHQHHG
RIPHGLFDODWWHQWLRQDQGDFFRPSOLVKVRFLDOSURJUDPVGHVWLQHGWRUHGXFHWKLV
NLQGRIGH¿FLHQF\,QFOXGHWKLVJURXSLQVRFLDOHYHQWVDQGQHZDFWLYLWLHVLV
DVXJJHVWLRQ
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5HGXFHG+LSSRFDPSDO0HODWRQLQ075HFHSWRU([SUHVVLRQLQ
$O]KHLPHU¶V'LVHDVH
(JHPHQ6DYDVNDQ
3V\FKLDWULF8QLYHUVLW\&OLQLF%DVHO6ZLW]HUODQG
0RKDPPHG$$\RXE5LYND5DYLG'HERUD$QJHORQL
)UDQFR)UDVFKLQL$QQH(FNHUW)UDQ]0OOHU6SDKQ5DOI-RFNHUV
2EMHFWLYHV 7KH SLQHDO VHFUHWRU\ SURGXFW PHODWRQLQ SURYLGHV D FLUFDGLDQ
DQG VHDVRQDO VLJQDO LQYHUWHEUDWHV7KHSK\VLRORJLFDO HIIHFWVRIPHODWRQLQ
LQFOXGH UHWLQDO DQWLR[LGDWLYH QHXURSURWHFWLYH YDVRDFWLYH LPPXQRORJLFDO
DQGRQFRVWDWLFSURSHUWLHV
,Q PDPPDOV PHODWRQLQ DFWV WKURXJK WZR VSHFL¿F KLJKDI¿QLW\ UHFHSWRUV
07 DQG0707 GLVWULEXWLRQ KDV EHHQZHOO VWXGLHG LQ GLIIHUHQWPDP
PDOLDQEUDLQVLQFOXGLQJKXPDQV7KXVDOWHUDWLRQVLQ07H[SUHVVLRQKDYH
EHHQGHVFULEHGLQ$O]KHLPHU¶VGLVHDVH$'EUDLQ6LQFHVSHFL¿FDQWLERGLHV
DJDLQVW 07 ZHUH PLVVLQJ 07 GLVWULEXWLRQ LQ KXPDQ EUDLQ LV QRW ZHOO
NQRZQ7KHDLPRI WKHSUHVHQW VWXG\ZDV WR DVFHUWDLQ WKH VSHFL¿W\RI WKH
UHFHQWO\GHYHORSHG07DQWLERG\DQGWRLGHQWLI\WKHGLVWULEXWLRQRI07LQ
WKHKLSSRFDPSXVRIFRQWUROVDQG$'SDWLHQWV
0HWKRGV7KH VSHFL¿W\ RI WKH07 DQWLERG\ZDV DVFHUWDLQHG E\ ÀXRUHV
FHQFHPLFURVFRS\XVLQJWKHDQWL07DQWLERG\LQ+(.FHOOVH[SUHVVLQJ
UHFRPELQDQW07 LQ LPPXQREORW H[SHULPHQWV RQPHPEUDQHV IURP07
H[SUHVVLQJ FHOOV DQG ¿QDOO\ E\ LPPXQRSUHFLSLWDWLRQ H[SHULPHQWV RI WKH
QDWLYH07,QDGGLWLRQ07LPPXQRUHDFWLYLW\ZDVVWXGLHGLQWKHKLSSRF
DPSXVRIHOGHUO\FRQWUROVDQG$'FDVHV
5HVXOWV ,QFRQWUROV07ZDV ORFDOL]HG LQS\UDPLGDOQHXURQVRI WKHKLS
SRFDPSDO VXE¿HOGV &$ DQG LQ VRPH JUDQXODU QHXURQV RI WKH VWUDWXP
JUDQXORVXP 7KH RYHUDOO LQWHQVLW\ RI WKH 07 VWDLQLQJ ZDV GLVWLQFWO\
GHFUHDVHGLQ$'FDVHV
&RQFOXVLRQV7KLVVWXG\DVFHUWDLQVWKHVSHFL¿W\RIWKHQHZ07DQWLERG\
DQGSURYLGHVWKH¿UVWLPPXQRKLVWRFKHPLFDOGHVFULSWLRQRI07GLVWULEXWLRQ
LQKXPDQKLSSRFDPSXV07PD\EH LQYROYHG LQPHGLDWLQJ WKHHIIHFWVRI
PHODWRQLQLQWKHKXPDQKLSSRFDPSXVDQGWKLVPHFDKQLVPPD\EHKHDYLO\
LPSDLUHGLQ$'
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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3RO\VRPQRJUDSKLF&KDUDFWHUL]DWLRQRI3DWLHQWVZLWK'LIIHUHQW
7\SHVRI'HPHQWLD
$QGUHDV7KXP
3V\FKLDWULF8QLYHUVLW\&OLQLF0DUEXUJ*HUPDQ\
55RFDPRUD0*LHVOHU$+DDJ$%HFNHU5'RGHO
7K3HQ]HO-&.ULHJ8+HPPHWHU
2EMHFWLYHV%HVLGH WKHLU FRJQLWLYH GLVRUGHUV SDWLHQWVZLWK GHPHQWLD FRP
PRQO\SUHVHQWZLWKDVOHHSZDNHUK\WKPGLVWXUEDQFHVOHHSIUDJPHQWDWLRQ
DQGVOHHSHI¿FLHQF\UHGXFWLRQ7RGDWHYHU\IHZVWXGLHVKDYHFRPSDUDWLYHO\
HYDOXDWHGVOHHSGLVRUGHUVLQGLIIHUHQWFODVVHVRIGHPHQWLD>@7KHREMHF
WLYHRI RXU H[DPLQDWLRQZDV WR GHWHFW VSHFL¿F DQGXQVSHFL¿FSRO\VRPQR
JUDSKLFFKDQJHVLQGLIIHUHQWGHPHQWLDW\SHV
0HWKRGV 7R GDWH  SDWLHQWV ZLWK ORZ WR PRGHUDWH JUDGH RI GHPHQWLD
FRXOGEHH[DPLQHG$OOSDWLHQWVUHFHLYHGDWKRURXJKH[DPLQDWLRQLQFOXGLQJ
URXWLQHQHXURORJLFDQGSV\FKLDWULFH[DPLQDWLRQEORRGFKHPLVWU\&705,
QHXURSV\FKRORJLF HYDOXDWLRQ((*DQGZKHQQHFHVVDU\ OXPEDU SXQFWXUH
DQG'RSSOHUGXSOH[$FFRUGLQJWRLQWHUQDWLRQDOVWDQDUGFULWHULDSDWLHQWV
ZHUHFODVVL¿HGDV$O]KHLPHUGLVHDVH'$7DVIURQWRWHPSRUDOGHPHQWLD
)7' DQG  GHPHQWLD ZLWK /HZ\ ERGLHV '/% 3DWLHQWV ZLWK YDVFXODU
GHPHQWLDZHUH QRW LQFOXGHG LQ RXU DQDO\VLV GXH WKH KHWHURJHQHLW\ RI WKLV
SDUWLFXODUW\SHRIGHPHQWLD
$IWHUDQDGDSWDWLRQQLJKWDSRO\VRPQRJUDSK\ZDVSHUIRUPHGRQDOOSDWLHQWV
ZKRZHUHIUHHRISV\FKRWURSLFPHGLFDWLRQEHIRUHWKHEHJLQQLQJRIDWKHUDS\
ZLWKDQWLGHPHQWLYHPHGLFDWLRQ
5HVXOWV,QDOOSDWLHQWVDPDUNHGVOHHSFRQWLQXLW\GLVUXSWLRQZDVREVHUYHG
ZKLFK LQPRVW FDVHVZDV QRW SHUFHLYHG E\ WKH SDWLHQWV0RUHRYHU LQ SD
WLHQWVZLWK'$7 DPRUH DFFHQWXDWHG5(0 VOHHS UHGXFWLRQ LQ FRPSDULVRQ
WRSDWLHQWVZLWK)7'ZDVIRXQG,QDGGLWLRQZHGHWHFWHGDKLJKDPRXQWRI
VOHHSUHODWHGEUHDWKLQJGLVRUGHUV65%'DQGSHULRGLFOHJPRYHPHQWVZLWK
DURXVDOV3/06SUHGRPLQDQWO\LQSDWLHQWVZLWK'$7
&RQFOXVLRQV7KHSUHYDOHQFHRIVOHHSGLVRUGHUVLQSDWLHQWVZLWKSULPDU\GH
PHQWLDVLVFOHDUO\KLJKHUDVSUHYLRXVO\VXVSHFWHG6OHHSGLVWXUEDQFHVGXHWR
DOWHUDWLRQRIVOHHSDUFKLWHFWXUHDQG5(0VOHHSDQGGXHWRDGGLWLRQDOIDFWRUV
VXFKDV65%'DQG3/06PD\EHUHODWHGWRWKHGHWHULRUDWLRQRIFRJQLWLYH
SHUIRUPDQFH DQG WKXV FDQ H[HUW DQ LPSRUWDQW UROH LQ WKH H[SUHVVLRQ DQG
FRXUVHRIGHPHQWLD
5HIHUHQFHV
'RQDOG/6OHHS'LVRUGHUVLQ$O]KHLPHUV'LVHDVHDQGRWKHU'HPHQ
WLDV&OLQLFDO&RUQHUVWRQHV6XSO$
3HWLW'6OHHSDQGTXDQWLWDWLYH((*LQQHXURGHJHQHUDWLYHGLVRUGHUV$
UHYLHZ-3V\FKR5HV9RO
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5HFRJQLWLRQRI)DFLDO([SUHVVLRQVRI(PRWLRQLQ0LOG
$O]KHLPHU¶V'LVHDVH
(OLVDEHWK0:HLVV
0HGLFDO8QLYHUVLW\,QQVEUXFN'HSDUWPHQWRI3V\FKLDWU\$XVWULD
(GLWK6WDGHOPDQQ&KULVWLDQ.RKOHU+DUWPDQQ+LQWHUKXEHU
-RVHI0DUNVWHLQHU
2EMHFWLYHV$FFXUDWH LQWHUSUHWDWLRQ RI IDFLDO H[SUHVVLRQV LV DQ LPSRUWDQW
DVSHFW RI VRFLDO LQWHUDFWLRQ WKDW PD\ EH LPSDLUHG LQ$O]KHLPHU¶V GLVHDVH
'$72QO\D IHZVWXGLHVKDYH LQYHVWLJDWHGHPRWLRQSURFHVVLQJ LQ WKRVH
VXIIHULQJIURP'$7\HWWKLVPD\KDYHDQLPSRUWDQWHIIHFWRQWKHTXDOLW\RI
OLIHRIERWKVXIIHUHUVDQGWKHLUIDPLOLHV
,Q WKLV RQJRLQJ VWXG\ZHZDQW WR H[DPLQHZKHWKHU FRPPXQLW\ GZHOOLQJ
SHRSOHZLWKPLOG'$7DQGKHDOWK\HOGHUO\YROXQWHHUVGLIIHULQWKHLUDELOLW\WR
GLVFULPLQDWHIDFLDOHPRWLRQDOH[SUHVVLRQV
0HWKRGV3DWLHQWVZLWKPLOGGHPHQWLDRI WKH$O]KHLPHU W\SHDQGKHDOWK\
HOGHUO\ YROXQWHHUV ZHUH HYDOXDWHG IRU JHQHUDO FRJQLWLRQ DQG XQGHUZHQW
FRPSXWHUL]HGWHVWLQJRIHPRWLRQUHFRJQLWLRQZLWKWKH3(11(PRWLRQ5HF
RJQLWLRQ7HVW3(577KH3(57FRQWDLQVFRORXUSKRWRJUDSKVRIKDSS\
VDG DQJU\ DQG IHDUIXO H[SUHVVLRQV DQG QRQHPRWLRQDO RU QHXWUDO IDFHV
3DUWLFLSDQWVZHUH DVNHG WR UDWH WKH HPRWLRQDO YDOHQFH RI HDFK H[SUHVVLRQ
ZLWKRXWWLPHOLPLWIRUUHVSRQVHV
5HVXOWV8QWLOQRZSDWLHQWVZLWKPLOGGHPHQWLDRI WKH$O]KHLPHU W\SH
DQG  PDWFKHG KHDOWK\ HOGHUO\ YROXQWHHUV ZHUH HYDOXDWHG 3HUIRUPDQFH
EHWZHHQJURXSVZHUHFRPSDUHGFRQWUROOLQJIRUSRVVLEOHHIIHFWVRIDJHDQG
FRJQLWLYHDELOLWLHV3HRSOHZLWKHDUO\'$7ZHUHLPSDLUHGLQRYHUDOOHPRWLRQ
UHFRJQLWLRQFRPSDUHGWRWKHFRQWUROJURXS
&RQFOXVLRQV 7KH DELOLW\ WR GLVFULPLQDWH IDFLDO HPRWLRQDO H[SUHVVLRQV LV
DOUHDG\ LPSDLUHG HDUO\ LQ WKH FRXUVH RI $O]KHLPHU GLVHDVH 6LQFH PRVW
SHRSOHZLWKPLOG'$7UHPDLQLQWKHLUKRPHVHWWLQJWKRVHGH¿FLWVLQHPR
WLRQGLVFULPLQDWLRQZLOOH[HUWDGYHUVHFRQVHTXHQFHVRQLQWHUSHUVRQDOFRP
PXQLFDWLRQVRFLDOIXQFWLRQLQJDQGTXDOLW\RIOLIH7KHUHIRUHSDWLHQWVZLWK
PLOG'$7KDYHWREHWUHDWHGFDUHIXOO\ZLWKWKHNQRZOHGJHRIWKHLUGHFOLQLQJ
DELOLW\WRUHFRJQL]HIDFLDOH[SUHVVLRQV
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6HUXP%'1)71)Į,/ȕ/HYHOVLQ'HPHQWLD3DWLHQWV
&KLH<DVXWDNH
'HSDUWPHQWRI1HXURSV\FKLDWU\2VDND0HGLFDO&ROOHJH-DSDQ
.HQML.XURGD+DQQDQ+RVSLWDO-DSDQ
7RVKLR<DQDJDZD7DNHKLNR2NDPXUD+LURVKL<RQHGD
2EMHFWLYHV1*)LVUHSRUWHGWREHUHODWHGWRWKHSDWKRJHQHVLVRIGHPHQWLD
71)Į ,/ȕ DUH UHJXODWLQJ IDFWRUV RI1*)6HYHUDO VWXGLHV UHYHDOHG WKH
DOWHUQDWLRQRI%'1)LQGHPHQWLDSRVWPRUWHPEUDLQVDQG%'1)LVH[SHFWHG
DVWKHUDSHXWLFDJHQWPRUHWKDQ1*)EHFDXVH%'1)FDQFURVVEORRGEUDLQ
EDUULHUDQGLVZLGHO\GLVWULEXWHG%XWOLWWOHLVNQRZQDERXW%'1)LQYLYR
7KHUHIRUHZHLQYHVWLJDWHGVHUXP%'1)71)Į,/ȕOHYHOVRIWKHGHPHQ
WLDSDWLHQWV
0HWKRGV7KHVXEMHFWVZHUH$O]KHLPHU¶VGLVHDVH$'SDWLHQWVDQG
YDVFXODU GHPHQWLD 9'SDWLHQWV DQGKHDOWK\ FRQWUROV$OO WKHSDWLHQWV
ZHUHGLDJQRVHGE\XVLQJWKHFULWHULDRIWKH'60,97KHLUV\PSWRPVZHUH
DVVHVVHGZLWKWKHPLQLPHQWDOVWDWHH[DPLQDWLRQ006(WKH+DFKLQVNL¶V
,VFKHPLF 6FRUH DQG )XQFWLRQDO$VVHVVPHQW 6WDJLQJ )$67$' SDWLHQWV
DQG9' SDWLHQWV ZHUH PDWFKHG ZLWK DJH JHQGHU DQG WKH VHYHULW\ RI GH
PHQWLD%ORRGVDPSOHVZDVFROOHFWHGIURPHDFKVXEMHFWEHIRUHEUHDNIDVW
$0a$07KHQVHUXPZDVLPPHGLDWHO\UHPRYHGE\FHQWULIXJDWLRQ
DQGIUR]HQXQWLODQDO\VLV
6HUXP%'1)71)ĮDQG,/ȕZHUHDVVD\HGZLWKWKH(/,6$PHWKRG
7KHHWKLFDOFRPPLWWHHRI2VDND0HGLFDO6FKRRODSSURYHGWKHVWXG\$OOWKH
VXEMHFWVDQGRUIDPLOLHVJDYHLQIRUPHGFRQVHQW
5HVXOWV  6HUXP OHYHOV RI %'1) LQ$' SDWLHQWV QJPOZHUH
VLJQL¿FDQWO\ ORZHU WKDQ WKRVH LQ 9' SDWLHQWV QJPO DQG LQ
FRQWUROVQJPOS71)Į ,/ȕ OHYHOV KDG QR VLJQL¿FDQW
GLIIHUHQFHDPRQJWKUHHJURXSV
,Q GHPHQWLD JURXSV$'9' 006( VFRUH ZDV SRVLWLYHO\ FRUUHODWHG
WR%'1)OHYHOVU S DQGQHJDWLYHO\FRUUHODWHG WR ,/ȕ U 
S 0RUHRYHUDVLJQL¿FDQWSRVLWLYHFRUUHODWLRQU S 
EHWZHHQ+DFKLQVNL¶VLVFKHPLFVFRUHDQG%'1)OHYHOVZDVGHWHFWHG
1HLWKHU71)ĮQRU,/ȕOHYHOVZHUHFRUUHODWHGWR%'1)OHYHOV
&RQFOXVLRQV 2XU UHVXOW VXSSRUWHG WKH UHFHQW UHSRUWV ZKLFK VKRZHG GH
FUHVHGP51$DQGSURWHLQOHYHOVRI%'1)LQ$O]KHLPHU¶VEUDLQV+RFNHWDO
+ROVLQJHUHWDODQGVXJJHVWHGWKDWVHUXP%'1)FRQFHQWUDWLRQ
FRXOGEHXVHGDVDELRORJLFDOPDUNHURI$'
2XUUHVXOWVXJJHVWHGWKDW71)Į,/ȕZHUHQRWUHJXODWLQJIDFWRUVRI%'1)
DQGZHUHQRWLQYROYHGLQWKHSDWKRJHQHVLVRIGHPHQWLD
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1HXUDO&RUUHODWHVRI&RJQLWLYH)XQFWLRQLQ$O]KHLPHU¶V
'LVHDVHD3(76WXG\
3HWHU6FK|QNQHFKW
'HSDUWPHQWRI3V\FKLDWU\5XSUHFKW.DUOV8QLYHUVLW\+HLGHOEHUJ
*HUPDQ\
3DEOR7RUR$RLIH+XQW0DUFXV+HQ]H8ZH+DEHUNRUQ
-RKDQQHV6FKU|GHU
3XUSRVH ,Q 3DWLHQWV ZLWK$O]KHLPHU¶V GLVHDVH $' YROXPHWULF VWXGLHV
UHYHDOHGDVSHFL¿FDWURSK\RIEUDLQDUHDVVXFKDVWKHWHPSRUDOOREHZKLFK
FRXOGQRWEHDWWULEXWHGWRZKROHEUDLQDWURSK\DQGRFFXUUHGLQWKHYHU\HDUO\
VWDJHVRIWKHGLVHDVH$FFRUGLQJWRWKHK\SRWKHVLVRIDVWHSZLVHQHXUDOGH
JHQHUDWLRQLQ$'IXQFWLRQDOGLYHUVLW\RIFHUHEUDOG\VIXQFWLRQSULRUWRQHXUDO
FHOOORVVZDVK\SRWKHVLVHG,QRUGHUWRLQYHVWLJDWHDEURDGUDQJHRIFRJQLWLYH
G\VIXQFWLRQDQGLWVQHXUDOVXEVWUDWHVZHDSSOLHGWKH&(5$'&RQVRUWLXPWR
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
(VWDEOLVKD5HJLVWU\IRU$O]KHLPHU¶VGLVHDVHEDWWHU\DQGD3RVLWURQ(PLV
VLRQ7RPRJUDSK\3(7RIUHVWLQJJOXFRVHPHWDEROLVP
0HWKRGVVXEMHFWVZLWK$'DQGHOHYHQFRQWUROVZHUHDQDO\VHG6XEMHFWV
XQGHUZHQW H[WHQVLYH PHGLFDO DQG QHXURVS\FKRORJLFDO &(5$' DVVHVV
PHQWDQGZHUHLQYHVWLJDWHGE\)'*3(7&RUUHODWLRQVEHWZHHQFRJQLWLYH
IXQFWLRQ DFFRUGLQJ WR WKH&(5$'DQG FHUHEUDO JOXFRVHPHWDEROLVPZHUH
JHQHUDWHG
5HVXOWV)LUVWO\LPPHGLDWHUHFDOOZDVVLJQL¿FDQWO\FRUUHODWHGZLWKWHPSRUR
SDULHWDO JOXFRVH PHWDEROLVP ZKHUHDV GHOD\HG UHFDOO DOVR VKRZHG IURQWDO
DFWLYDWLRQS6HFRQGO\VHPDQWLFÀXHQF\ZDVVLJQL¿FDQWO\DVVRFLDWHG
ZLWK OHIW VLGH WHPSRURSDULHWDO DQG ELODWHUDO IURQWDO JOXFRVH PHWDEROLVP
S 7KLUGO\ FRQVWUXFWLRQDO SUD[LV VKRZHG D VLJQL¿FDQW FRUUHODWLRQ
ZLWKELODWHUDOSDULHWDODQGIURQWDOJOXFRVHPHWDEROLVPS
&RQFOXVLRQV 7KLV LV WKH ¿UVW VWXG\ LQYHVWLJDWLQJ DQ DVVRFLDWLRQ EHWZHHQ
FHUHEUDO JOXFRVH PHWDEROLVP DQG FRJQLWLYH IXQFWLRQ DV PHDVXUHG E\ WKH
&(5$'LQSDWLHQWVZLWK$'7KH¿QGLQJRIGLVWLQFWSDWWHUQRIQHXUDODFWLY
LW\GXULQJFRJQLWLRQSURFHVVHVLQ$'PD\ERWKIDFLOLWDWHHDUO\GLDJQRVLVRI
WKHGLVHDVHDQGGLIIHUHQWLDWLRQIURPRWKHUIRUPVRIFRJQLWLYHLPSDLUPHQW
32
3RVWHU6HVVLRQ1R
32
2QH<HDU3HUVLVWDQFHRI'HSUHVVLRQLQ$O]KHLPHU¶V'LVHDVHGR
QRW$FFHOHUDWH&RJQLWLYH'HFOLQH
&KULVWRSKH$UEXV
&+83XUSDQ&DVVHODUGLW
2EMHFWLYHV7RHYDOXDWHRYHUPRQWKVWKHHYROXWLRQRIWKHGHSUHVVLRQLQD
VDPSOHRI$O]KHLPHUSDWLHQWV
0HWKRGVSDWLHQWVZLWK$O]KHLPHU¶VGLVHDVHZHUHHYDOXDWHGXVLQJWKH
1HXURSV\FKLDWULF ,QYHQWRU\ 13,2QO\ WKHSDWLHQWVSUHVHQWLQJD VHYHULW\
VFRUHRIGHSUHVVLRQ! ZHUHUHJDUGHGDVGHSUHVVHG3DWLHQWVSUHVHQWLQJ
ZLWKGHSUHVVLYHV\PSWRPVZLWKRXWDGLDJQRVLVRIGHSUHVVLRQFDOOHGG\VSKR
ULDZHUHWKRVHREWDLQLQJD13,VFRUHUDQJLQJEHWZHHQDQG)RUFRJQLWLYH
DVVHVVPHQWWKH006VFRUHZDVXVHG
5HVXOWV13,GDWDDW97 DQG97 PRQWKDUHDYDLODEOHIRU
VWXG\FRPSOHWHUV,Q9RIWKHVXEMHFWVDUHGHSUHVVHGDQG
RIWKHVXEMHFWVSUHVHQWGHSUHVVLYHV\PSWRPVG\VSKRULD7KLUW\QLQH
SHUFHQWRIWKHGHSUHVVHG9VXEMHFWVUHPDLQGHSUHVVHGDWRQH\HDU9
 DUH G\VSKRULF DQG  DUH DV\PSWRPDWLF 7KHUH LV D UHODWLRQ
EHWZHHQ FRJQLWLYH LPSDLUPHQW DQG SHUVLVWHQFH RI GHSUHVVLRQ 'HSUHVVHG
VXEMHFWV DW9ZKLFK UHPDLQ GHSUHVVHG DW9 NHHS D VWDEOH006 VFRUH
0RUHRYHU VXEMHFWV ZLWKRXW GHSUHVVLRQ DW 9 DQG 9 VKRZ D VLJQL¿FDQW
LPSDLUPHQWRIWKHLU006VFRUHS
&RQFOXVLRQDV'HSUHVVLRQ LQ$O]KHLPHU¶VGLVHDVH LVSHUVLVWHQW0RUH WKDQ
DKDOIRI WKHGHSUHVVHGVXEMHFWVDW9DUHGHSUHVVHGRUSUHVHQWGHSUHVVLYH
V\PSWRPVDW RQH\HDU7KH FRJQLWLYH LPSDLUPHQW LQGHSUHVVHG VXEMHFWV LV
ORZHU WKDQ LQQRQGHSUHVVHGVXEMHFWV7KLV UHVXOWQHHGIXUWKHUVWXGLHVDQG
ZLOOEHGLVFXVVHGDWWKHHQGRIWKHSUHVHQWDWLRQ
32
$VVRFLDWLRQRI,QIODPPDWRU\0DUNHUVDQG5HGXFHG&RJQLWLYH
)XQFWLRQLQ'DLO\/LIHLQWKH(OGHUO\3RSXODWLRQ
%HUQKDUG7%DXQH
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\RI0XHQVWHU*HUPDQ\
*HUDOG3RQDWK*HRUJ9DUJD0DWWKLDV5RWKHUPXQGW.ODXV%HUJHU
2EMHFWLYHV $Q LQÀDPPDWRU\ VWDWH LV GLVFXVVHG DV D SRWHQWLDO FDXVH IRU
UHGXFHG FRJQLWLYH IXQFWLRQ LQ VWUHVV DQG GHSUHVVLRQ 7KLV VWXG\ DLPHG DW
WKHUHODWLRQVKLSEHWZHHQORZV\VWHPLFLQÀDPPDWLRQDQGFRPSOH[FRJQLWLYH
IXQFWLRQLQWKHHOGHUO\LQDFRPPXQLW\EDVHGVDPSOH:HH[DPLQHGWKHOLQN
EHWZHHQ F\WRNLQHV DQG FRPSOH[ IXQFWLRQLQJ LQ GDLO\ OLIH 7KH IXQFWLRQDO
VWDWXVZDVGH¿QHGDVWKHSHUIRUPDQFHLQEDVLFDQGKLJKO\LQWHJUDWHGDFWLYL
WLHVRIGDLO\OLYLQJ
0HWKRGV'DWDDUHIURPZHOOIXQFWLRQLQJROGHUSHUVRQV\HDUVRI
DJHSDUWLFLSDWLQJLQWKH0(02VWXG\0HPRU\DQG0RUELGLW\LQ$XJVEXUJ
(OGHUO\*HUPDQ\%DVLFDFWLYLWLHVRIGDLO\OLYLQJ$'/ZHUHDVVHVVHGZLWK
.DW]$'/,QVWUXPHQWDO$'/UHSUHVHQWFRPSOH[DQGLQWHJUDWHGDFWLYLWLHVRI
GDLO\OLYLQJ,$'/6HUXPFRQFHQWUDWLRQVRI,/ȕ,/,/,/DQG
71)ĮZHUHPHDVXUHGZLWKÀRZF\WRPHWULFEHDGDUUD\&%$DQGV,/5
ZLWKDQ(/,6$/LQHDU UHJUHVVLRQDQDO\VLVZDVSHUIRUPHG WRHVWLPDWH WKH
LPSDFWRILQFUHDVHGF\WRNLQHOHYHOVRQ$'/DQG,$'/UHVSHFWLYHO\
5HVXOWV$ERXWRQHWKLUGRIWKHVWXG\SRSXODWLRQVKRZHGDUHVWULFWLRQLQDW
OHDVWRQH$'/DQGUHSRUWHGDWOHDVWRQHUHVWULFWHG,$'/:KHUHDVRQ
DYHUDJHIHPDOHVPHDQ6'KDGVLJQL¿FDQWO\PRUHUHVWULFWHG$'/V
WKDQPHQPHDQ6' WWHVWSQRJHQGHUGLIIHUHQFHVZHUH
IRXQG IRU ,$'/V WWHVW S! 3HDUVRQ¶V FRUUHODWLRQ DQDO\VLV VKRZHG
VWDWLVWLFDOVLJQL¿FDQWFRUUHODWLRQVIRULQFUHDVHGYDOXHVRI,/ȕV,/5,/
,/DQGKLJKHUQXPEHUVRIUHVWULFWHG,$'/$GHFOLQHLQWKHQXPEHURI
EDVLF$'/ZDVVWDWLVWLFDOO\VLJQL¿FDQWFRUUHODWHGZLWK,/ȕDQG,/
0XOWLYDULDEOH OLQHDU UHJUHVVLRQ PRGHOV LQFOXGLQJ VHYHUDO ¿[HG FRQIRXQG
HUV DJH JHQGHU GHSUHVVLRQ VPRNLQJ PLQL PHQWDO VWDWH FDUGLRYDVFXODU
GLVHDVHV DQG RWKHU VRPDWLF GLVHDVHV VKRZHG VWDWLVWLFDOO\ VLJQL¿FDQW UHOD
WLRQV EHWZHHQ DQ LQFUHDVH RI WKH LQWHUOHXNLQHV ,/ȕ V,/5 ,/ ,/
DQGKLJKHUQXPEHUVRIUHVWULFWHG,$'/7KHVDPHOLQHDUUHJUHVVLRQPRGHO
UHYHDOHGVWDWLVWLFDOVLJQL¿FDQWHIIHFWVIRUDQLQFUHDVHLQ,/ȕ,/DQGWKH
QXPEHURIUHVWULFWHGEDVLF$'/
&RQFOXVLRQV 7KHVH UHVXOWV LQGLFDWH D UROH IRU WKH F\WRNLQHV ,/ȕ ,/
,/ DQG V,/5 LQ WKH SDWKRSK\VLRORJ\ RI EDVLF DQG FRPSOH[ FRJQLWLYH
IXQFWLRQLQJLQKHDOWK\HOGHUO\VXEMHFWV7KHXQGHUO\LQJV\VWHPLFLQÀDPPD
WLRQPD\LPSDFWRQG\VUHJXODWLRQDQGGHJHQHUDWLRQRIWKH&16OHDGLQJWRD
GHFOLQHLQFRJQLWLYHDQGJHQHUDOIXQFWLRQLQJRIWKHHOGHUO\
5HIHUHQFHV
3HQQLQ[:-+,QÀDPPDWRU\PDUNHUVDQGGHSUHVVHGPRRGLQROGHU
SHUVRQV UHVXOWV IURP WKH KHDOWK DJLQJ DQG ERG\ FRPSRVLWLRQ VWXG\%LRO
3V\FKLDWU\
6WHUQEHUJ (0&KURXVRV*3:LOGHU 5/*ROG 3: 7KH VWUHVV UH
VSRQVH DQG WKH UHJXODWLRQ RI LQÀDPPDWRU\ GLVHDVH$QQ ,QWHUQ0HG 

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,QFUHDVHG/HYHOVRI&\WRNLQHVDUH$VVRFLDWHGZLWKD'HFOLQHLQ
&RJQLWLYH3HUIRUPDQFHLQWKH(OGHUO\3RSXODWLRQ
%HUQKDUG7%DXQH
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\RI0XHQVWHU*HUPDQ\
*HUDOG3RQDWK*HRUJ9DUJD0DWWKLDV5RWKHUPXQGW9RONHU$UROW
.ODXV%HUJHU
2EMHFWLYHV,Q\RXQJKHDOWK\VXEMHFWVPLOGVWLPXODWLRQRIWKHSULPDU\KRVW
GHIHQVH KDV QHJDWLYH HIIHFWV RQ HPRWLRQDO DQG PHPRU\ IXQFWLRQV ZKLFK
DUHSUREDEO\FDXVHGE\F\WRNLQHV3UHYLRXVVWXGLHVLQWKHHOGHUO\VKRZQR
FOLQLFDOO\ VLJQL¿FDQW DVVRFLDWLRQV EHWZHHQ DJHUHODWHG SHULSKHUDO F\WRNLQH
G\VUHJXODWLRQDQGFRJQLWLRQ+RZHYHULWLVVWLOOXQFOHDUZKHWKHULQFUHDVHG
VHUXPF\WRNLQHOHYHOVDUHDVVRFLDWHGZLWKYDULRXVGLPHQVLRQVRIFRJQLWLYH
SHUIRUPDQFH LQKHDOWK\HOGHUO\ VXEMHFWV ,Q WKLV VWXG\ZH LQYHVWLJDWHG WKH
OLQNEHWZHHQ,/ȕV,/5,/,/,/71)ĮDQGSHUIRUPDQFHRI
PHPRU\ FRJQLWLYH VSHHG DQGPRWRU IXQFWLRQ LQ KHDOWK\ HOGHUO\ IURP WKH
JHQHUDOSRSXODWLRQ
0HWKRGV'DWDDUHIURPZHOOIXQFWLRQLQJROGHUSHUVRQV\HDUVRI
DJHSDUWLFLSDWLQJ LQ WKHFURVVVHFWLRQDO0(02VWXG\ 0HPRU\DQG0RU
ELGLW\LQ$XJVEXUJ(OGHUO\*HUPDQ\&RJQLWLYHSHUIRUPDQFHZDVDVVHVVHG
ZLWK VWDQGDUGL]HG WHVWV \LHOGLQJ JOREDO PHDVXUHV IRU PHPRU\ FRJQLWLYH
VSHHGDQGPRWRUIXQFWLRQ6HUXPFRQFHQWUDWLRQVRI,/ȕ,/,/,/
DQG71)ĮZHUHPHDVXUHGZLWKÀRZF\WRPHWULFEHDGDUUD\&%$DQGV,/
5ZLWKDQ(/,6$/LQHDUUHJUHVVLRQDQDO\VLVZDVSHUIRUPHGWRHVWLPDWHWKH
LPSDFWRI LQFUHDVHGF\WRNLQH OHYHOVRQSV\FKRPRWRUSHUIRUPDQFH0RGHOV
ZHUH DGMXVWHG IRU VHYHUDO FRQIRXQGHUV RI FRJQLWLYH IXQFWLRQ DJH JHQGHU
HGXFDWLRQ GHSUHVVLRQ VPRNLQJ JOREDO FRJQLWLYH IXQFWLRQ DVVHVVHG ZLWK
006(
5HVXOWV%LYDULDWHFRUUHODWLRQDQDO\VHVUKRVKRZHGVWDWLVWLFDOO\VLJQL¿FDQW
FRUUHODWLRQVEHWZHHQDGHFUHDVHLQVHUXPOHYHOVRIV,/5,/ȕ,/,/
,/DQGDGHFOLQHLQPRWRUIXQFWLRQ'HFUHDVHGPHPRU\SHUIRUPDQFH
ZDVVWDWLVWLFDOO\VLJQL¿FDQWFRUUHODWHGZLWKGHFUHDVHGOHYHOVRI,/DQG,/
DQGSRRUJOREDOVSHHGZDVVWDWLVWLFDOO\VLJQL¿FDQWFRUUHODWHGZLWKDGHFOLQH
LQWKHVHUXPOHYHOVRI,/ȕ,/DQG,/
$V D QH[W VWHS RI DQDO\VLV PXOWLYDULDEOH OLQHDU UHJUHVVLRQ DQDO\VHV ZHUH
SHUIRUPHGIRUWKHLPSDFWRIF\WRNLQHVDQGV,/5RQFRJQLWLYHSHUIRUPDQFH
7KHVHPRGHOVZHUH DGMXVWHG IRU VHYHUDO FRQIRXQGHUV DJH JHQGHU HGXFD
.%52/$%'%.%2!4)6%¬$)3/2$%23¬¬039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
WLRQGHSUHVVLRQVPRNLQJ006(,QWKHVHPRGHOVZHIRXQGDVWDWLVWLFDOO\
VLJQL¿FDQWUHODWLRQEHWZHHQDGHFUHDVHLQPRWRUIXQFWLRQDQG,/DQG,/
UHVSHFWLYHO\IRUDGHFOLQHLQPHPRU\SHUIRUPDQFH7KHPXOWLYDULDEOHOLQHDU
UHJUHVVLRQPRGHOIRUWKHUHODWLRQVKLSEHWZHHQFRJQLWLYHVSHHGDQGF\WRNLQHV
UHYHDOHGDOLQNIRUDGHFUHDVHLQVHUXPOHYHOVRI,/ȕ,/,/DQGGH
FUHDVHGFRJQLWLYHVSHHG
&RQFOXVLRQV7KHUHVXOWVVXJJHVWD UROHIRU WKHF\WRNLQHV,/ȕ ,/DQG
,/ LQ WKH SDWKRSK\VLRORJ\ RI SV\FKRPRWRU GH¿FLWV LQ UHODWLYHO\ KHDOWK\
HOGHUO\ VXEMHFWV 7KH XQGHUO\LQJ V\VWHPLF ORZ LQÀDPPDWLRQ PD\ LPSDFW
RQ WKHG\VUHJXODWLRQDQGGHJHQHUDWLRQRI WKH&16 OHDGLQJ WRDGHFOLQH LQ
FRJQLWLYHSHUIRUPDQFHRIPHPRU\ FRJQLWLYH VSHHGDQGPRWRU IXQFWLRQRI
UHODWLYHO\KHDOWK\HOGHUO\LQGLYLGXDOV
5HIHUHQFHV
5HLFKHQEHUJ$HWDO &\WRNLQHDVVRFLDWHGHPRWLRQDODQGFRJQLWLYH
GLVWXUEDQFHVLQKXPDQV$UFK*HQ3V\FKLDWU\
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'LIIHUHQWLDOO\([SUHVVHG$P\ORLG%HWD3HSWLGH3DWWHUQVLQ
'HPHQWLDV
0LUNR%LEO
8QLYHUVLW\RI*RHWWLQJHQ*HUPDQ\
%ULW0ROOHQKDXHU+HUPDQQ(VVHOPDQQ$OH[DQGU6PLUQRY
/XNDV&HSHN3LRWU/HZF]XN&ODXGLD7UHQNZDOGHU
(FNDUW5XHWKHU-RKDQQHV.RUQKXEHU0DUNXV2WWR-HQV:LOWIDQJ
2EMHFWLYHV$VWKHGLIIHUHQWLDOGLDJQRVLVRIGHPHQWLDVEDVHGRQHVWDEOLVKHG
FOLQLFDOFULWHULDLVRIWHQGLI¿FXOWGXULQJOLIHWLPHELRPDUNHUVIRUDSSOLFDEOH
GLDJQRVWLF WHVWLQJ DUH FXUUHQWO\ XQGHU LQWHQVLYH LQYHVWLJDWLRQ$ UHFHQWO\
HVWDEOLVKHG TXDQWLWDWLYH XUHDEDVHG $ȕVRGLXPGRGHF\OVXOSKDWHSRO\
DFU\ODPLGHJHOHOHFWURSKRUHVLVZLWKZHVWHUQLPPXQREORW$ȕ6'63$*(
LPPXQREORWUHYHDOHGDKLJKO\FRQVHUYHGDP\ORLGEHWD$ȕSHSWLGHSDWWHUQ
$ȕLQFHUHEURVSLQDOÀXLG&6)
0HWKRGV:HXVHGWKH$ȕ6'63$*(LPPXQREORWWRLQYHVWLJDWH&6)RI
SDWLHQWVZLWK$O]KHLPHU¶VGLVHDVH$'ZLWKGHPHQWLDZLWK/HZ\ERGLHV
'/%ZLWK3DUNLQVRQ¶VGLVHDVHGHPHQWLD3''DQGQRQGHPHQWHG
GLVHDVHFRQWUROV1'&IRUGLVHDVHVSHFL¿F$ȕSHSWLGHSDWWHUQV
5HVXOWV7KH$ȕSHSWLGHSDWWHUQVGLVSOD\HGGLVHDVHVSHFL¿FYDULDWLRQVDQG
WKHUDWLRRIWKHGLIIHUHQWLDOO\DOWHUHG$ȕWRWKHYLUWXDOO\XQFKDQJHG$ȕ
OHYHOVVXEVHTXHQWO\GLVFULPLQDWHGDOOGLDJQRVWLFJURXSVIURPHDFKRWKHU
H[FHSW'/%IURP3''
$GGLWLRQDOO\DQRYHOSHSWLGHZLWK$ȕOLNHLPPXQRUHDFWLYLW\ZDVREVHUYHG
FRQVWDQWO\ LQ WKH &6) RI DOO  LQYHVWLJDWHG SDWLHQWV 7KH SURQRXQFHG
SHUFHQWDJH LQFUHDVH RI WKLV SHSWLGH LQ '/% DOORZHG D KLJKO\ VLJQL¿FDQW
GLVFULPLQDWLRQ IURP 3'' )URP VHYHUDO OLQHV RI LQGLFDWLRQ ZH FRQFOXGH
WKDWWKLVSHSWLGHUHSUHVHQWVDPRGL¿HGIRUPRI$ȕ
&RQFOXVLRQV&6)$ȕSHSWLGHSDWWHUQVUHÀHFWGLVHDVHVSHFL¿FSDWKRSK\VL
RORJLFDOSDWKZD\VRIGLIIHUHQWGHPHQWLDV\QGURPHVDVGLVWLQFWQHXURFKHPL
FDOSKHQRW\SHVDQGFDQWKXVEHKHOSIXOWRVXSSRUWWKHGLIIHUHQWLDOGLDJQRVLV
RIGHPHQWLDVGXULQJOLIHWLPH
,WLVQRWHZRUWK\WKDW'/%DQG3''H[KLELWGLVWLQFWFOLQLFDOWHPSRUDOFRXUVH
RIGLVHDVHGHVSLWHWKHLUVLPLODUQHXURSDWKRORJLFDODSSHDUDQFH7KHLUGLVWLQFW
PROHFXODU SKHQRW\SHV VXSSRUW WKH YLHZ RI GLIIHUHQW SDWKRSK\VLRORJLFDO
SDWKZD\VIRUHDFKRIWKHVHQHXURGHJHQHUDWLYHGLVHDVHV
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3V\FKRPHWULF3URSHUWLHVRI*+4LQ2OGHU(OGHUO\LQ
3RSXODWLRQ%DVHG6WXG\%DPEXL6WXG\%+$6
(ULFR&RVWD
1(63(3XEOLF+HDOWKDQG$JHLQJ5HVHDUFK*URXS0HGLFLQH
)DFXOW\8)0*%UD]LO,QVWLWXWHRI3V\FKLDWU\,238.
6DQGKL0%DUUHWR(OL]DEHWK8FKRD-RVHOLD2)LUPR
0DULD)HUQDQGD/LPD&RVWD0DUWLQ-3ULQFH
6FKRODUVKLSVSRQVRUHGE\&$3(6
2EMHFWLYHV7KHDLPRIWKLVVWXG\ZDVWRH[DPLQHWKHSV\FKRPHWULFSURSHU
WLHVRIWKH%UD]LOLDQ*+4LQROGHUHOGHUO\OLYLQJLQWKHFRPPXQLW\GXULQJ
WKHWKZDYHRI%+$6
0HWKRGVROGHUHOGHUO\ZHUHVFUHHQHGXVLQJWKH*+4$VWDQGDUG
L]HG FOLQLFDO LQWHUYLHZ 6&$1ZDV FRQGXFWHG LQ  UDQGRPO\ VHOHFWHG
SDUWLFLSDQWV5HOLDELOLW\ YDOLGLW\ DQG IDFWRU DQDO\VLV RI WKH*+4ZHUH
FDUULHGRXW
5HVXOWV7KH%UD]LOLDQYHUVLRQ*+4KDVDJRRGLQWHUQDOFRQVLVWHQFHĮ
&URQEDFK 7KHRSWLPDOWKUHVKROGIRUVFUHHQLQJDVDVVHVVHGE\52&
DQDO\VLVZDVZLWKVHQVLWLYLW\RIDQGDVSHFL¿FLW\RI*HQGHU
DQGVFKRROLQJELDVHGWKHGLVFULPLQDWLRQFDSDELOLW\RIWKHVFDOH)DFWRUDQDO\
VLVZLWKSULQFLSDOFRPSRQHQWDQGYDULPD[URWDWLRQJDYHULVHWRVWUXFWXUHZLWK
 IDFWRUV 'HSUHVVLRQDQG)DFWRUDQG6RFLDOG\VIXQFWLRQZLWKDQG
RIWRWDOYDULDQFHUHVSHFWLYHO\
&RQFOXVLRQV7KH*+4DVDZKROHLVDUHOLDEOHTXHVWLRQQDLUHDQGFDQEH
DXVHIXOVFUHHQLQJWRROLQROGHUHOGHUO\OLYLQJLQWKHFRPPXQLW\+RZHYHU
IXUWKHU VWXGLHV VKRXOG EH GRQH WR XQGHUVWDQG WKH LQÀXHQFH RI JHQGHU DQG
VFKRROLQJLQ*+4SHUIRUPDQFH
5HIHUHQFHV
*ROGEHUJ'3	:LOOLDPV3 $XVHU¶VJXLGH WR WKH*HQHUDO+HDOWK
4XHVWLRQQDLUH:LQGVRU1)(51HOVRQ
0DUL--	:LOOLDPV3$FRPSDULVRQRIWKHYDOLGLW\RIWZRSV\FKLDW
ULFVFUHHQLQJTXHVWLRQQDLUHV*+4DQG654LQ%UD]LOXVLQJ5HODWLYH
2SHUDWLQJ&KDUDFWHULVWLF52&$QDO\VLV3V\FKRO0HG
/LPD&RVWD0))8FKRD(*XHUUD+/HWDO7KH%DPEXL+HDOWKDQG
$JHLQJ6WXG\%+$6PHWKRGRORJLFDODSSURDFKDQGSUHOLPLQDU\UHVXOWVRI
DSRSXODWLRQEDVHGFRKRUWVWXG\RIWKHHOGHUO\LQ%UD]LO5HY6DXGH3XEOLFD

&RVWD(%DUUHWR608FKRD(/LPD&RVWD0))$JUHHPHQWEHWZHHQ
WKH *HULDWULF 'HSUHVVLRQ 6FDOH DQG WKH *HQHUDO +HDOWK 4XHVWLRQQDLUH LQ
D SRSXODWLRQEDVHG HOGHUO\ FRKRUW 7KH %DPEXL +HDOWK 	$JHLQJ 6WXG\
%+$6&OLQ*HURQWRO
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3V\FKRPHWULF3URSHUWLHVRI*'6LQ2OGHU(OGHUO\LQ
3RSXODWLRQ%DVHG6WXG\%DPEXL6WXG\%+$6
(ULFR&RVWD
1(63(3XEOLF+HDOWKDQG$JHLQJ5HVHDUFK*URXS0HGLFLQH
)DFXOW\8)0*%UD]LO,QVWLWXWHRI3V\FKLDWU\,238.
6DQGKL0%DUUHWR(OL]DEHWK8FKRD-RVHOLD2)LUPR
0DULD)HUQDQGD/LPD&RVWD0DUWLQ-3ULQFH
6FKRODUVKLSVSRQVRUHGE\&$3(6
2EMHFWLYHV7KHDLPRIWKLVVWXG\ZDVWRH[DPLQHWKHSV\FKRPHWULFSURSHU
WLHVRIWKH%UD]LOLDQ*'6LQROGHUHOGHUO\OLYLQJLQWKHFRPPXQLW\GXULQJ
WKHWKZDYHRI%+$6
0HWKRGVROGHUHOGHUO\ZHUHVFUHHQHGXVLQJWKH*'6$VWDQGDUG
L]HGFOLQLFDOLQWHUYLHZ6&$1ZDVFRQGXFWHGZLWKSDUWLFLSDQWVXVLQJ
GRXEOH VDPSOLQJ 5HOLDELOLW\ YDOLGLW\ DQG IDFWRU DQDO\VLV RI WKH *'6
ZHUHHYDOXDWHG
5HVXOWV 7KH %UD]LOLDQ YHUVLRQ *'6 KDV D JRRG LQWHUQDO FRQVLVWHQFH
Į&URQEDFK   7KH RSWLPDO WKUHVKROG IRU VFUHHQLQJ DV DVVHVVHG E\
52&DQDO\VLVZDVZLWKVHQVLWLYLW\RIDQGDVSHFL¿FLW\RI
)DFWRUDQDO\VLVZLWKSULQFLSDOFRPSRQHQWDQGYDULPD[URWDWLRQJDYHULVHWR
VWUXFWXUHZLWKHLJKW IDFWRUV5HVXOWVRI WKHVDPHDQDO\VLVZLWK WZRIDFWRUV
ZHUHIRXQGWREHHDVLHU WRLQWHUSUHW)DFWRUGHSUHVVLYHDIIHFWDQG)DFWRU
0RWLYDWLRQ
&RQFOXVLRQV7KH*'6DVDZKROHLVDUHOLDEOHTXHVWLRQQDLUHDQGFDQEH
XVHIXOVFUHHQLQJWRROLQWKHROGHUHOGHUO\OLYLQJLQWKHFRPPXQLW\)XUWKHU
VWXGLHV VKRXOG EH GRQH WR XQGHUVWDQG ZKDW LQWHUIHUHG LQ LWV FDSDELOLW\ WR
GHWHFWFDVHVLQWKLVSRSXODWLRQ
5HIHUHQFHV
<HVDYDJH-$%ULQN7/'HYHORSPHQWDQGYDOLGDWLRQRID*HULDWULF
'HSUHVVLRQ6FUHHQLQJ6FDOH$SUHOLPLQDU\5HSRUW-3V\FKLDWU5HV

/LPD&RVWD0))8FKRD(*XHUUD+/HWDO7KH%DPEXL+HDOWKDQG
$JHLQJ6WXG\%+$6PHWKRGRORJLFDODSSURDFKDQGSUHOLPLQDU\UHVXOWVRI
DSRSXODWLRQEVHGFRKRUWVWXG\RIWKHHOGHUO\LQ%UD]LO5HY6DXGH3XEOLFD

&RVWD(%DUUHWR608FKRD(/LPD&RVWD0))$JUHHPHQWEHWZHHQ
WKH *HULDWULF 'HSUHVVLRQ 6FDOH DQG WKH *HQHUDO +HDOWK 4XHVWLRQQDLUH LQ
D SRSXODWLRQEDVHG HOGHUO\ FRKRUW 7KH %DPEXL +HDOWK 	$JHLQJ 6WXG\
%+$6&OLQ*HURQWRO
.%52/$%'%.%2!4)6%¬$)3/2$%23¬¬039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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$ȕ3HSWLGH5DWLRV,PSURYHG1HXURFKHPLFDO'HPHQWLD
'LDJQRVLV
0DJGDOHQD)LV]HU
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\RI(UODQJHQ1XUHPEHUJ
*HUPDQ\
3LRWU/HZF]XN+HUPDQQ(VVHOPDQQ-RKDQQHV.RUQKXEHU
-HQV:LOWIDQJ
2EMHFWLYHV 5HOLDEOH QHXURFKHPLFDO GHPHQWLD GLDJQRVLV 1'' FDQ
LPSURYH WKH GLIIHUHQWLDO GLDJQRVLV RI HDUO\ GHPHQWLDV HJ $O]KHLPHUV
GHPHQWLD $'$ VHOHFWLYH GHFUHDVH RI DP\ORLG ȕ SHSWLGH HQGLQJ DW WKH
DPLQRDFLGSRVLWLRQRI$ȕDWYLUWXDOO\XQFKDQJHGWRWDO$ȕSHSWLGH
FHUHEURVSLQDO ÀXLG &6) FRQFHQWUDWLRQ LV FRQVLGHUHG RQH RI WKH FUXFLDO
SDUDPHWHUVLQ1''RI$'+RZHYHUZHREVHUYHGWKDWRIWKHSRSX
ODWLRQFKDUDFWHUL]HZLWKHLWKHUKLJKRUORZFRQVHFXWLYHRYHUDOO$ȕSHSWLGHV
&6) FRQFHQWUDWLRQ LQFOXGLQJ$ȕ $FFRUGLQJO\ LQ QRQ$' SDWLHQWV
ZLWKFRQVWLWXWLYHO\ORZ$ȕSHSWLGHFRQFHQWUDWLRQVD ORZOHYHORI$ȕ
PLJKWHUURQHRXVO\LQGLFDWH$'+RZHYHULI$ȕLVH[SUHVVHGUHODWLYHWR
WRWDO$ȕWKLVSDUDPHWHUPD\IXOO\FRPSHQVDWHIRUWKHORZRYHUDOO$ȕSHSWLGH
FRQFHQWUDWLRQ
0HWKRGV:LWKWZRLQGHSHQGHQWVHWVRIPHWKRGV(/,6$$ȕ6'63$*(
LPPXQREORW &6) ELRPDUNHUV $ȕ SHSWLGHV  WRWDO7DX
SKRVSKR7DX ZHUH DQDO\VHG IURP SDWLHQWV Q  ZLWK $' PLOG
FRJQLWLYHLPSDLUPHQWRWKHUGHPHQWLDVDQGQRQGHPHQWHGQHXURSV\FKLDWULF
GLVHDVHFRQWUROV
5HVXOWV'HSHQGLQJRQWKHVHOHFWHGFXWRIIYDOXHDSSUR[LPDWHO\RI
WKHSDWLHQWVVWXGLHGFKDUDFWHUL]HGZLWKH[WUHPHO\KLJKRUORZRYHUDOOFRQ
FHQWUDWLRQVRI&6)$ȕSHSWLGHV LQFOXGLQJ$ȕ7KHUHIRUH D VXSHULRU
GLDJQRVWLFSHUIRUPDQFHZDVDFKLHYHGZKHQWKH&6)FRQFHQWUDWLRQRI$ȕ
ZDVDQDO\VHGZLWKUHVSHFWWRWKHWRWDO&6)$ȕSHSWLGHFRQWHQWRUUHODWLYH
WRDQRWKHU$ȕSHSWLGHUHIHUHQFHVSHFLHV
&RQFOXVLRQV &6)$ȕ SHSWLGH FRQFHQWUDWLRQ UDWLRV FKDUDFWHUL]H ZLWK D
VXSHULRU GLDJQRVWLF VHQVLWLYLW\ DQG VSHFL¿FLW\ WKDQ$ȕ  FRQFHQWUDWLRQ
DORQH7KLV¿QGLQJLVRIKLJKFOLQLFDOUHOHYDQFHIRUPXOWLSDUDPHWHU1''RI
HDUO\GHPHQWLDV
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0DLQWHQDQFH7UHDWPHQWZLWK4XHWLDSLQHIRU6FKL]RSKUHQLD
0DVDWR+LJDVKLPD
'HSDUWPHQWRI3V\FKLDWU\DQG1HXURELRORJ\*UDGXDWH6FKRRORI
0HGLFDO6FLHQFH.DQD]DZD8QLYHUVLW\-DSDQ
<RVKLKXPL.RVKLQR6KRQL+DPDKDUD<XML:DGD+LURVKL<RQHGD
2EMHFWLYHV $V VFKL]RSKUHQLD LV D FKURQLF GLVRUGHU LW LV LPSRUWDQW WKDW
PDLQWHQDQFH WUHDWPHQW ZLWK DQWLSV\FKRWLF PHGLFDWLRQV EH JLYHQ RYHU D
ORQJ SHULRG RI WLPH WR DYRLG UHODSVH +RZHYHU GUXJLQGXFHG PRYHPHQW
GLVRUGHUVVXFKDVDFXWHDQGUHYHUVLEOHH[WUDS\UDPLGDOVLJQVDQGSHUVLVWHQW
VRPHWLPHVLUUHYHUVLEOHWDUGLYHG\VNLQHVLDUHGXFHGUXJFRPSOLDQFHUHVXOW
LQJLQUHODSVH7KHQHZHUJHQHUDWLRQDQWLSV\FKRWLFGUXJTXHWLDSLQHH[KLELWV
KLJK DI¿QLW\ IRU VHURWRQLQ W\SH ,, UHFHSWRUV PDUNHGO\ ORZHU DI¿QLW\ IRU
GRSDPLQH'UHFHSWRUVDQGIDVWGLVVRFLDWLRQIURP'UHFHSWRUVZKLFKPD\
EH UHVSRQVLEOH IRUPLQLPL]LQJPRWRU V\VWHPGLVWXUEDQFHV7KHVHSKDUPD
FRORJLFDOSURSHUWLHVRITXHWLDSLQHPD\PDNHWKLVGUXJVXLWDEOHIRUWKHORQJ
WHUP WUHDWPHQW7R H[DPLQH WKH XVHIXOQHVV RI TXHWLDSLQH IRUPDLQWHQDQFH
WKHUDS\WKHSUHVHQWVWXG\ZDVSHUIRUPHGWRLQYHVWLJDWHZKHWKHUTXHWLDSLQH
PRQRWKHUDS\FRXOGEHPDLQWDLQHGIRURXWSDWLHQWVZLWKVFKL]RSKUHQLDRYHUD
SHULRGRIPRQWKV
0HWKRGV 7KH SUHVHQW VWXG\ ZDV SHUIRUPHG DV D PXOWLFHQWHU RSHQODEHO
WULDO 2XWSDWLHQWV ZKR KDG EHHQ WUHDWHG ZLWK TXHWLDSLQHPRQRWKHUDS\ IRU
PRUHWKDQPRQWKVEXWQRWPRUHWKDQPRQWKVZHUHLQFOXGHGLQWKLVVWXG\
,QWKHFDVHRISDWLHQWVZKRKDGEHHQKRVSLWDOL]HGDWWKHVWDUWRITXHWLDSLQH
PRQRWKHUDS\RXWSDWLHQWWUHDWPHQWIRUDSHULRGRIPRUHWKDQRQHPRQWKDIWHU
GLVFKDUJHZDVUHTXLUHGDVDQDGGLWLRQDOFULWHULRQIRULQFOXVLRQLQWKHVWXG\
$WRWDORISDWLHQWVZHUHHQUROOHGLQWKLVVWXG\'RVHDGMXVWPHQWVZHUH
DOORZHGDVGHHPHGFOLQLFDOO\QHFHVVDU\7KHWKHUDSHXWLFEHQH¿WDQGVDIHW\
RITXHWLDSLQHZHUHHVWLPDWHGXVLQJWKH%ULHI3V\FKLDWULF5DWLQJ6FDOH WKH
'UXJLQGXFHG ([WUDS\UDPLGDO 6\PSWRP 6FDOH WKH $EQRUPDO ,QYHQWRU\
0RYHPHQW6FDOHDQGWKH7UDLO0DNLQJ7HVWGHVLJQHGWRGHWHUPLQHIURQWDO
IXQFWLRQ
5HVXWOV$WRWDORISDWLHQWVZLWKGUHZIURPWKHRXWSDWLHQWWUHDWPHQWZLWK
TXHWLDSLQHPRQRWKHUDS\EHFDXVHRIGLI¿FXOW\RIIROORZXSGXHWRQRQPHGL
FDOFDXVHVVXFKDVFKDQJHRIUHVLGHQFHQ RUQRQDFFHSWDQFHQRQFRP
SOLDQFHQ IRUXQNQRZQUHDVRQVDVZHOODVKRVSLWDOL]DWLRQQ RU
VZLWFKLQJWRQ FRPELQDWLRQWUHDWPHQWZLWKRWKHUSV\FKRWLFGUXJVQ 
LQWKHRXWSDWLHQWFOLQLFGXHWRUHODSVHODFNRIHI¿FDF\RUDGYHUVHHYHQWV
:LWKH[FOXVLRQRIWKHVXEMHFWVZKRGURSSHGRXWGXHWRQRQPHGLFDOFDXVHV
IURPWKHDQDO\VLVRIWKHSDWLHQWVFRPSOHWHGRXWSDWLHQWWUHDWPHQWZLWK
TXHWLDSLQHPRQRWKHUDS\FRPSDWLEOHZLWKWKHUHVXOWVRID\HDUREVHUYDWLRQ
IRUULVSHULGRQH
&RQFOXVLRQV7KHUHVXOWVRIWKHSUHVHQWVWXG\VXJJHVWHGWKDWTXHWLDSLQHPD\
EHVXLWDEOHIRUORQJWHUPWUHDWPHQWRIVFKL]RSKUHQLD
5HIHUHQFHV
&VHUQDQVN\-*0DKPRXG5%UHQQHU5$FRPSDULVRQRIULVSHUL
GRQHDQGKDORSHULGROIRUWKHSUHYHQWLRQRIUHODSVHLQSDWLHQWVZLWKVFKL]R
SKUHQLD1(QJO-0HG
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0HPDQWLQHIRUWKH3UHYHQWLRQDQG7UHDWPHQWRI1HJDWLYH
6\PSWRPVLQ6FKL]RSKUHQLD
0LFKDHO.UHEV
'HSWRI3V\FKLDWU\DQG3V\FKRWKHUDS\&KDULWp&DPSXV0LWWH
*HUPDQ\
.DUROLQD/HRSROG-UJHQ*DOOLQDW/LDW)LVKPDQ
(FNKDUG/LWWPDQQ)ORULDQ6FKXEHUW$QGUHDV+HLQ]
0DUWLQ6FKlIHU
2EMHFWLYHV 7KHUH LV D JURZLQJ HYLGHQFH WKDW JOXWDPDWHUJLF SDWKZD\V
DUH LQYROYHG LQ WKH SDWKRSK\VLRORJ\ RI VFKL]RSKUHQLD ,W UHPDLQV XQFOHDU
ZKHWKHUJOXWDPDWHLQGXFHGH[LFLWR[LFLW\FRXOGOHDGWRQHXURGHJHQHUDWLRQLQ
DFXWHVFKL]RSKUHQLFVWDWHV7KHORZDI¿QLW\10'$DQWDJRQLVWPHPDQWLQH
KDVQHXURSURWHFWLYHSURSHUWLHV DQG LV D VDYH DQG HI¿FDFLRXV WUHDWPHQW IRU
FRJQLWLYH G\VIXQFWLRQ LQ GLIIHUHQW IRUPV RI GHPHQWLD DQG QRW NQRZQ WR
LQGXFHVFKL]RSKUHQLDOLNHSV\FKRWLFVWDWHV$LPRIWKLVUDQGRPL]HGSODFHER
FRQWUROOHGVWXG\ZDVWRHYDOXDWHWKHHI¿FDF\DQGVDIHW\RIPHPDQWLQHLQWKH
SUHYHQWLRQDQG WUHDWPHQWRIQHJDWLYHV\PSWRPVDQGFRJQLWLYH LPSDLUPHQW
LQVFKL]RSKUHQLD
0HWKRGV,QWKH¿UVWSDUWRIWKHVWXG\[SDWLHQWVZLWKDQDFXWHH[DFHUED
WLRQRIVFKL]RSKUHQLDZLOOEHZHUHWUHDWHGZLWKULVSHULGRQHDQGPHPDQWLQH
SODFHERIRUZHHNVWRLQYHVWLJDWHWKHTXHVWLRQZKHWKHUPHPDQWLQHWUHDW
PHQWZLOO OHDG WRDVLJQL¿FDQWEHWWHURXWFRPHE\SURWHFWLQJJOXWDPDWHUJLF
QHXURQVLQWKHKLSSRFDPSXVRIVFKL]RSKUHQLFSDWLHQWV,QWKHVHFRQGSDUWRI
WKH VWXG\[SDWLHQWVZLWKQHJDWLYH V\PSWRPV LQFKURQLF VFKL]RSKUHQLD
ZLOOEHZHUHWUHDWHGZLWKULVSHULGRQHDQGPHPDQWLQHSODFHERIRUPRQWKV
WRLQYHVWLJDWHWKHTXHVWLRQZKHWKHUPHPDQWLQHLVHI¿FDFLRXVIRUWKHWUHDW
PHQWRIQHJDWLYHV\PSWRPVDQGFRJQLWLYHLPSDLUPHQW2XWFRPHSDUDPHWHU
DUHWKH3$166QHJDWLYHVXEVFRUHWKHQHXURSV\FKRORJLFDOSHUIRUPDQFHDQG
WKH KLSSRFDPSDO JOXWDPDWH FRQFHQWUDWLRQ LQ YLYR XVLQJ +05VSHFWURV
FRS\DIWHUPRQWKV
5HVXOWV 6LQFH$SULO  RYHUDOO  SDWLHQWV KDYH EHHQ UHFUXLWHG 6LQFH
QRZSDWLHQWVKDYHFRPSOHWHGWKHWULDO1RVHYHUHDGYHUVHHYHQWVRUSV\
FKRWLFH[DFHUEDWLRQVFRXOGKDYHEHHQREVHUYHG
&RQFOXVLRQV7KH XVH RI KLJKDI¿QLW\10'$DQWDJRQLVWV DUH FRQWUDLQGL
FDWHGLQSDWLHQWVZLWKVFKL]RSKUHQLDEHFDXVHRIWKHLQGXFWLRQRISRVLWLYHDQG
QHJDWLYH V\PSWRPV0HPDQWLQH DV D ORZDI¿QLW\ 10'$DQWDJRQLVW PD\
EH LQWHUHVWLQJ WUHDWPHQW RSWLRQ IRU SDWLHQWV ZLWK VFKL]RSKUHQLD GXH WR LWV
QHXURSURWHFWLYHSURSHUWLHVDVZHOOLWVORZSV\FKRWRPLPHWLFSRWHQWLDO)URP
D WKHRUHWLFDOYLHZSRLQWPHPDQWLQHFRXOGZRUVHQSV\FKRWLFV\PSWRPVGXH
LWV10'$DQWDJRQLVWLF HIIHFWV VR LW VKRXOG EH XVHG RQO\ LQ FRPELQDWLRQ
ZLWKDQWLSV\FKRWLFV
6XSSRUWHGE\DJUDQWRIWKH6WDQOH\0HGLFDO5HVHDUFK,QVWLWXWH7
.%52/$%'%.%2!4)6%¬$)3/2$%23¬¬039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
32
&RJQLWLYH)XQFWLRQDO,PSDLUPHQWLQ&KLQHVH(OGHUO\ZLWK
0&,
/LQGD&:/DP
'HSDUWPHQWRI3V\FKLDWU\WKH&KLQHVH8QLYHUVLW\RI+RQJ.RQJ
+RQJ.RQJ
&LQG\:&7DP9LFWRU:&/XL+HOHQ&KLX
2EMHFWLYHV 7KH VLJQL¿FDQFH RI 0LOG &RJQLWLYH ,PSDLUPHQW 0&, DV D
SURGURPDO VWDWH RI GHPHQWLD SDUWLFXODUO\$O]KHLPHU¶V GLVHDVH $' KDV
EHHQ H[WHQVLYHO\ VWXGLHG +RZHYHU PXFK FRQWURYHUV\ H[LVWV DV WR KRZ
IXQFWLRQDO GH¿FLWV FRXOG EH GH¿QHG LQ 0&, 7KH SUHVHQW VWXG\ H[SORUHV
WKHUHODWLRQVKLSVEHWZHHQFRJQLWLYHDQGIXQFWLRQDOLPSDLUPHQWVLQ&KLQHVH
VXEMHFWVZLWK0&,
0HWKRGV1HXURSV\FKRORJLFDO DQG IXQFWLRQDOSUR¿OHVRI VXEMHFWV 
FRJQLWLYHO\LQWDFWZLWK&OLQLFDO'HPHQWLD5DWLQJ&'5RIZLWK&'5
RIZHUHHYDOXDWHGZLWKWKH&KLQHVHYHUVLRQVRIWKH0LQL0HQWDO6WDWH
([DPLQDWLRQ006($O]KHLPHU¶V'LVHDVH$VVHVVPHQW6FDOH±&RJQLWLYH
VXEVFDOH$'$6&RJFDWHJRU\YHUEDOÀXHQF\WHVW&9)7'LVDELOLW\$V
VHVVPHQWIRU'HPHQWLD'$'
5HVXOWV 7KHUH ZHUH QR VLJQL¿FDQW GLIIHUHQFHV LQ DJH HGXFDWLRQDO OHYHO
DQGEDVLFDFWLYLWLHVRIGDLO\OLYLQJDVPHDVXUHGE\'$'EHWZHHQWKHFRJ
QLWLYHO\ LQWDFW FRQWUROV DQG VXEMHFWVZLWK0&, 0DQQ:KLWQH\8 WHVW S!
0&,VXEMHFWVKDGVLJQL¿FDQWO\ZRUVHSHUIRUPDQFHLQ006(UHYHUVH
GLJLWVSDQ&9)7$'$6&RJWRWDOVFRUHOLVWOHDUQLQJGHOD\HGUHFDOOWHVWV
DQG,QVWUXPHQWDO$FWLYLWLHVRI'DLO\/LYLQJ,$'/0DQQ:KLWQH\8WHVWV
S '$' ,$'/VFRUHV FRUUHODWH VLJQL¿FDQWO\ZLWK$'$6&RJ WRWDO
DQG GHOD\HG UHFDOO WHVW VFRUHV 6SHDUPDQ FRUUHODWLRQV S  /RJLVWLF
UHJUHVVLRQDQDO\VLVUHYHDOHGWKDW'$',$'/DQGGHOD\HGUHFDOOVFRUHVZHUH
VLJQL¿FDQWSUHGLFWRUVIRU0&,
&RQFOXVLRQV :KLOH WKH GLDJQRVLV RI 0&, JHQHUDOO\ IRFXVHV RQ HDUO\
PHPRU\FKDQJHVVXEWOHGHWHULRUDWLRQLQ,$'/DUHDOVRSUHVHQW7KHIXQF
WLRQDOGLPHQVLRQRI0&,VKRXOGEHIXUWKHUUH¿QHGIRUPRUHFRPSUHKHQVLYH
HYDOXDWLRQRILWVSURJQRVWLFVLJQL¿FDQFH
32
'RXEOH%OLQG5DQGRPL]HG&OLQLFDO7ULDO(IIHFWRI9LWDPLQ(
RQ&RJQLWLYH,PSURYHPHQW$PRQJ(OGHUO\
-D\DQWKL0DQLDP
6FKRRORI+HDOWK6FLHQFHV8QLYHUVLW\RI7HFKQRORJ\DQG0DQDJH
PHQW0DOD\VLD
2EMHFWLYHV7RH[DPLQHWKHUHODWLRQVKLSEHWZHHQDOSKDWRFRSKHUROVXSSOH
PHQWDWLRQDQGFKDQJHVLQFRJQLWLYHIXQFWLRQDPRQJWKHIUHHGZHOOLQJHOGHUO\
&KLQHVH0DOD\VLDQV
0HWKRGV7KLVLVDUDQGRPL]HGGRXEOHEOLQGSODFHERFRQWUROOHGVWXG\6XE
MHFWV FRPSULVHGRI IUHHGZHOOLQJHOGHUO\&KLQHVH0DOD\VLDQVDJHGDQG
DERYHEXWDWWHQGLQJVHQLRUFLWL]HQFOXELQWKH.ODQJ9DOOH\YLFLQLW\&RJQL
WLYHVWDWXVRIWKHVXEMHFWVZDVPHDVXUHGXVLQJWKH5LYHUPHDG%HKDYLRXUDO
0HPRU\7HVW50%7WRRO6XEMHFWVZHUHJLYHQVXSSOHPHQWDWLRQRI
,8DOSKD WRFRSKHURORYHUDSHULRGRIVL[PRQWKV6HUXPDOSKD WRFRSKHURO
ZHUH DQDO\]HG EHIRUH RQVHW DQG DIWHU WHUPLQDWLRQ RI WKH WULDO XVLQJ+LJK
3HUIRUPDQFH /LTXLG &KURPDWRJUDSK\ 3HDUVRQ FRUUHODWLRQZDV DSSOLHG WR
GHWHUPLQH WKH VLJQL¿FDQW FRUUHODWLRQ EHWZHHQ RI VHUXP DOSKD WRFRSKHURO
DQGWKH5%07VFRUHVZKLOHWKHXQSDLUHGWWHVWWRGHWHUPLQHWKHVLJQL¿FDQW
FKDQJHVLQVHUXPDOSKDWRFRSKHURODIWHUVXSSOHPHQWDWLRQ
5HVXOWV $ WRWDO RI Q  UHFHLYHG  ,8 DOSKD WRFRSKHURO DQG Q 
UHFHLYHG SODFHER 7KH EDVHOLQH DQG GHPRJUDSKLF FKDUDFWHULVWLFV EHWZHHQ
WKH WUHDWPHQW DQG SODFHER JURXSV ZHUH VLPLODU 6HUXP ĮWRFRSKHURO ZDV
VLJQL¿FDQWO\ GLIIHUHQW EHWZHHQ WKH WUHDWPHQW JURXS DQG SODFHER JURXS
S7UHDWPHQWJURXSKDGDKLJKHU OHYHORI VHUXPĮWRFRSKHURO DIWHU
D\HDURI ,8RIĮWRFRSKHURO VXSSOHPHQWDWLRQ7KH WUHDWPHQWJURXS
KDG VLJQL¿FDQW SRVLWLYH FRUUHODWLRQ EHWZHHQ VHUXP DOSKD WRFRSKHURO ZLWK
FHUWDLQVXEWHVWVLQWKH5%07SDQGQRVLJQL¿FDQWFRUUHODWLRQVZHUH
REVHUYHGRQWKHWRWDOVFUHHQLQJVFRUHRUWKHSUR¿OHVFRUHRIWKH5%07LQ
GLFDWLQJSRVVLEOHHIIHFWRIDOSKDWRFRSKHURORQWKHFKDQJHVLQWKHFRJQLWLYH
IXQFWLRQRIWKHHOGHUO\
&RQFOXVLRQV &HUWDLQ DVSHFW RI FRJQLWLYH IXQFWLRQ LPSURYHG VLJQL¿FDQWO\
LQ WKH WUHDWPHQW JURXS 7KLV VXJJHVWV DOSKD WRFRSKHURO KDV FRQVLGHUDEOH
FOLQLFDO DQG SXEOLF KHDOWK VLJQL¿FDQW DQG WKH QHHG IRU VXFKPLFURQXWULHQW
UHFRPPHQGDWLRQWRZDUGVLPSURYLQJTXDOLW\RIOLIHRIWKHHOGHUO\
32
0HPDQWLQHLQ$O]KHLPHU¶V'LVHDVHLQ(YHU\GD\0HGLFDO
3UDFWLFH
0LFKDHO5DLQHU
+RVSLWDO60=2VW$XVWULD
$OEHUW:XVFKLW]&KULVWLDQ-DJVFK&KULVWLQD(UE
-HDQ-DTXHV&KLULNGMLDQ*QWKHU1LUQEHUJHU,QJULG+RFKPD\HU
2EMHFWLYHV7KLVSRVWPDUNHWLQJVXUYHLOODQFH306VWXG\ZDVFRQGXFWHGWR
LQYHVWLJDWHWKHHIIHFWVRIPHPDQWLQHRQIXQFWLRQFRJQLWLRQDQGJOREDORXW
FRPHDVZHOODVLWVWROHUDELOLW\LQDVWDQGDUGFOLQLFDORXWSDWLHQWVHWWLQJ7KH
XQFRPSHWLWLYHPRGHUDWHDI¿QLW\10'$UHFHSWRUDQWDJRQLVWPHPDQWLQHKDV
EHHQVKRZQWRLPSURYHJOREDORXWFRPHFRJQLWLRQDFWLYLWLHVRIGDLO\OLYLQJ
DQGEHKDYLRXU LQ$O]KHLPHU¶VGLVHDVH$'SDWLHQWV LQFRPSDULVRQWRSOD
FHERLQFOLQLFDOWULDOV0HPDQWLQHLVDSSURYHGLQWKH86IRUWKHWUHDWPHQWRI
PRGHUDWHWRVHYHU$'DQGLVDOVRDSSURYHGDQGDYDLODEOHLQ(XURSH
0HWKRGV ,Q WKLV RSHQODEHO PXOWLFHQWUH 306 VWXG\  SDWLHQWV ZLWK
PRGHUDWH WRVHYHUH$'PHDQ006(  UHFHLYHGPJPHPDQWLQH
ELGDIWHUDZHHNXSWLWUDWLRQSKDVH7KHPLQLPHQWDOVWDWHH[DPLQDWLRQ
006(VHOHFWHGDFWLYLWLHVRIGDLO\OLYLQJERG\K\JLHQHHDWLQJLQWHUHVWLQ
VXUURXQGLQJVKREELHVDQGWDNLQJFDUHRIKRXVHZRUNDQGWKHFOLQLFDOJOREDO
LPSUHVVLRQRIFKDQJH&*,&ZHUHDVVHVVHGDWEDVHOLQHDQGDIWHUPRQWKV
RI WUHDWPHQW ,Q D VXEJURXS DQDO\VLV WKH SDWLHQWV WUHDWHG LQPRQRWKHUDS\
ZLWKPHPDQWLQHZHUH GLYLGHG LQWR WZR VXEJURXSV WKRVHZLWK 1   
RUZLWKRXW1 SUHYLRXVWUHDWPHQWZLWKDFHW\OFKROLQHVWHUDVHLQKLELWRUV
$&K(,VEHIRUHLQLWLDWLRQRIWKHVWXG\
5HVXOWV2XWRIWKHSDWLHQWVSDWLHQWVKDGEHHQWUHDWHGZLWKDQWLGH
PHQWLDGUXJVXSWRWKHLQLWLDWLRQRIWKH306VWXG\UHFHLYHG$&K(,V
 SDWLHQWV UHFHLYHG RQJRLQJ FRPHGLFDWLRQ ZLWK $&K(,V GXULQJ WKH
VWXG\$IWHUPRQWKVRI WUHDWPHQWSDWLHQWV LPSURYHGE\SRLQWV
PHDQ6(0RQWKH006(VFDOHFRPSDUHGWREDVHOLQH0HPDQWLQHWUHDW
PHQWLPSURYHGIXQFWLRQDOFDSDELOLWLHVYHUVXVEDVHOLQH7KHJOREDORXWFRPH
ZDVUDWHGDVLPSURYHGIRURIWKHSDWLHQWVDQGXQFKDQJHGIRU
2YHUDOOPHPDQWLQHZDVZHOO WROHUDWHG DQGQR VHULRXV DGYHUVH GUXJ UHDF
WLRQVZHUH REVHUYHG7KH WUHDWPHQWZLWKPHPDQWLQHZDV SXUVXHG LQ 
RIDOOSDWLHQWVDIWHU WKHREVHUYDWLRQSHULRG7KHDQDO\VLVRI WKHHI¿FDF\
SDUDPHWHUV LQ WKHVXEJURXSVVKRZHGDQDGYDQWDJH IRUSDWLHQWVQRW WUHDWHG
ZLWK$&K(,VYHUVXVSDWLHQWVWUHDWHGZLWK$&K(,VSULRUWRWKHLQLWLDWLRQRI
WKH306VWXG\
&RQFOXVLRQV7KLV306VWXG\LQGLFDWHVWKDWPHPDQWLQHWUHDWPHQWLVEHQH¿
FLDORQFRJQLWLRQDFWLYLWLHVRIGDLO\OLYLQJDQGJOREDORXWFRPHLQDVWDQGDUG
FOLQLFDORXWSDWLHQW VHWWLQJ7UHDWPHQWZLWKPJPHPDQWLQHELG DIWHU D
WKUHHZHHNXSWLWUDWLRQSHULRGZDVZHOO WROHUDWHG7KHVH¿QGLQJVDUHLQDF
FRUGDQFHZLWKGDWDIURPSODFHERFRQWUROOHGFOLQLFDOWULDOVGHPRQVWUDWLQJWKH
HI¿FDF\RIPHPDQWLQHLQWKLVSRSXODWLRQ$GGLWLRQDOO\WKHVHUHVXOWVVXJJHVW
WKDWWKHHI¿FDF\RIPHPDQWLQHLVLQGHSHQGHQWIURPSUHYLRXVWUHDWPHQWZLWK
$&K(,V
32
0HPDQWLQHLQ9DVFXODU'HPHQWLD5HVXOWVRIDQ2SHQ
7UHDWPHQW([WHQVLRQ6WXG\
$OEUHFKW6W|IIOHU
0HU]3KDUPDFHXWLFDOV*PE+*HUPDQ\
<YRQQH:LUWK+DQV-|UJ0|ELXV
2EMHFWLYHV0HPDQWLQH WUHDWPHQW UHVXOWHG LQ VLJQL¿FDQW FRJQLWLYH EHQH¿W
YHUVXVSODFHERLQWZRPXOWLFHQWUHUDQGRPLVHGSODFHERFRQWUROOHGZHHN
WULDOV2QHRI WKHVHGRXEOHEOLQG GE WULDOV :LOFRFNHW DOZDV IRO
ORZHGE\DQRSHQODEHOSKDVHRIZHHNV:HSUHVHQWDGHVFULSWLYHDQDO\VLV
RIWKHPRQWKVUHVXOWVIRUWKHSDWLHQWVZKRSDUWLFLSDWHGLQWKLVRSHQWUHDW
PHQWH[WHQVLRQ
0HWKRGV'XULQJWKHGESKDVHSDWLHQWVZHUHUDQGRPL]HGWRUHFHLYHHLWKHU
PHPDQWLQHPJGD\RUSODFHER0DLQVHOHFWLRQFULWHULDZHUHRXWSDWLHQWV
RUGD\FDUHSDWLHQWVDJHG\HDUVZLWKSUREDEOHGHPHQWLDRIYDVFXODUW\SH
'60,,,51,1'6$,5(10RGL¿HG,VFKDHPLF6FRUH&705,DQG
006(EHWZHHQDQG'HSUHVVLYHSVHXGRGHPHQWLDDQGRWKHUIRUPVRI
GHPHQWLDZHUHH[FOXGHG3DWLHQWVKDGWKHRSWLRQWRUHFHLYHPHPDQWLQH
.%52/$%'%.%2!4)6%¬$)3/2$%23¬¬039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
PJGD\IRUDQRWKHUZHHNVLQWKHRSHQH[WHQVLRQVWXG\6DIHW\SDUDPHWHUV
DQG FRJQLWLRQ WKH FRJQLWLYH VXEVFDOH RI WKH$O]KHLPHU¶V'LVHDVH$VVHVV
PHQW6FDOH$'$6FRJZHUHDVVHVVHGRYHUWKHPRQWKVSHULRGDQGGDWD
ZHUHDQDO\VHGGHVFULSWLYHO\
5HVXOWV 1  SDWLHQWV HQWHUHG DQG  RI WKHVH FRPSOHWHG WKH RSHQ
WUHDWPHQW H[WHQVLRQ VWXG\7KH VSHFWUXPDQG IUHTXHQF\RI DGYHUVH HYHQWV
ZDVFRQVLVWHQWZLWKWKHGRXEOHEOLQGWULDOZKHUHPHPDQWLQHZDVIRXQGWR
EHVDIHDQGZHOOWROHUDWHG7KHPHDQ$'$6FRJWRWDOVFRUHVDW:HHNGLI
IHUHGE\SRLQWVIDYRXULQJPHPDQWLQHRYHUSODFHER2YHUWKHRQH\HDU
WUHDWPHQWSHULRG WKHPHDQGHFOLQHRQ$'$6FRJZDVVOLJKWO\VPDOOHUIRU
WKRVHZKRFRQWLQXHGRQPHPDQWLQHSRLQWVWKDQIRUWKHIRUPHUSODFHER
JURXSSRLQWV
&RQFOXVLRQV0HPDQWLQHZDVVDIHDQGZHOOWROHUDWHGLQSDWLHQWVZLWKPLOG
WRPRGHUDWH9D' IRU XS WR PRQWKV )XUWKHUPRUH WKH GHVFULSWLYH GDWD
VXJJHVWWKDWWKHSDWLHQWVDOUHDG\WUHDWHGZLWKPHPDQWLQHLQWKHGRXEOHEOLQG
SKDVHKDGDFRJQLWLYHDGYDQWDJHRYHUWKHIRUPHUSODFHERSDWLHQWVDIWHU
PRQWKVZKLFKPD\LQGLFDWHWKHXVHIXOQHVVRIHDUO\WUHDWPHQWZLWKPHPDQ
WLQHLQ9D'
5HIHUHQFHV
2UJRJR]R-05LJDXG$66W|IÀHU$0|ELXV+-DQG)RUHWWH)(I¿FDF\
DQGVDIHW\RIPHPDQWLQHLQSDWLHQWVZLWKPLOGWRPRGHUDWHYDVFXODUGHPHQ
WLD D UDQGRPL]HG SODFHERFRQWUROOHG WULDO 000 6WURNH  

:LOFRFN*6W|IÀHU$DQG0|ELXV+-$GRXEOHEOLQGSODFHERFRQWUROOHG
PXOWLFHQWHUVWXG\RIPHPDQWLQHLQPLOGWRPRGHUDWHYDVFXODUGHPHQWLDWKH
000 WULDO ,QWHUQDWLRQDO &OLQLFDO 3V\FKRSKDUPDFRORJ\  >@

32
,QIOXHQFHRI1LWULF2[LGHRQ&RUWLFDO'RSDPLQHUJLF6\VWHPLQ
DQ$QLPDO0RGHORI$O]KHLPHU¶V'LVHDVH$QLQ9LYR6WXG\
/XLJLD7UDEDFH
'HSWRI%LRPHGLFDO6FLHQFHV8QLYHUVLW\RI)RJJLD,WDO\
0RUJHVH0*6FKLDYRQH6&XRPR9
ȕHWD$P\ORLGȕ$LVEHOLHYHGWREHFULWLFDOO\LQYROYHGLQWKHDHWLRORJ\DQG
WKHSDWKRJHQHVLVRI$O]KHLPHU¶VGLVHDVH$'&RQVLGHUDEOHHIIRUWVKDYH
EHHQPDGHWRLGHQWLI\WKHF\WRWR[LFLW\RIȕ$DVZHOODVQHXURFKHPLFDODQG
EHKDYLRXUDOVHTXHODHDVVRFLDWHGZLWKLQYLWURRULQYLYRȕ$H[SRVXUH,QWKLV
UHJDUGUDWVJLYHQDLQWUDFHUHEUDOLQMHFWLRQRIȕ$KDYHEHHQIUHTXHQWO\XVHG
DVDQDQLPDOPRGHORI$')XUWKHUPRUHUHFHQWHYLGHQFHVXJJHVWVWKDWQLWULF
R[LGH12PD\EHLQYROYHGLQQHXURQDOFHOOGHDWKLQ$',QDGGLWLRQZH
KDYHUHFHQWO\GHPRQVWUDWHGWKDW12KDVSRWHQWQHXURPRGXODWRU\DFWLRQVLQ
UDW EUDLQ  ,Q WKH SUHVHQW VWXG\ZH H[SORUHG WKH QHXURPRGXODWRU\ UROH
RI12RQ WKHQHXURFKHPLFDO VHTXHODH DVVRFLDWHGZLWKȕ$H[SRVXUH LQ UDW
SUHIURQWDOFRUWH[DUHJLRQZKLFKLVSDUWLFXODUO\YXOQHUDEOHWRSDWKRORJLFDO
FKDQJHVLQ$',QSDUWLFXODUWKHSUHVHQWVWXG\UHSUHVHQWVRXU¿UVWDWWHPSWWR
LQYHVWLJDWHZKHWKHUVXEFKURQLFLQYLYRH[SRVXUHWRQLWURLQGD]ROH1,
DSRWHQWDQGVHOHFWLYHQHXURQDOQLWULFR[LGHV\QWKDVHLQKLELWRURU/$UJLQLQH
$UJWKHVXEVWUDWHIRU12V\QWKHVLVZRXOGLQGXFHFKDQJHVLQWKHH[WUDFHO
OXODUFRQFHQWUDWLRQVRIGRSDPLQH'$LQȕ$WUHDWHGUDWV:HPHDVXUHGWKH
UHOHDVHRI'$EHIRUHGXULQJDQGDIWHUȕ$DGPLQLVWUDWLRQE\XVLQJLQYLYR
PLFURGLDO\VLV([WUDFHOOXODUFRQFHQWUDWLRQVRI'$ZHUHVLJQL¿FDQWO\ORZHU
LQ$UJWUHDWHG DQLPDOV WKDQ WKDW LQ YHKLFOHWUHDWHG UDWV 7KH GHFUHDVH LQ
'$OHYHOVUHPDLQHGVWDWLVWLFDOO\VLJQL¿FDQWIRUDOOGHWHFWLRQSHULRG2QWKH
FRQWUDU\1,DGPLQLVWUDWLRQVLJQL¿FDQWO\LQFUHDVHG'$OHYHOVZLWKUHVSHFW
WRWKHFRQWUROJURXS3 $OVRLQWKLVFDVHWKHLQFUHDVHZDVREVHUYHG
IRUDOOFROOHFWLRQWLPH,QFRQFOXVLRQWKHVHUHVXOWVVXJJHVWWKDWGRSDPLQHUJLF
WUDQVPLVVLRQLVDIIHFWHGE\WKH12SURGXFWLRQLQȕ$LQGXFHGDQLPDOPRGHO
RI$'0RUHRYHU¤¤XQGHUVWDQGLQJ WKH UROHRI WKHQLWUHUJLF V\VWHP LQ WKH
QHXURFKHPLFDOFKDQJHV UHODWHG WRQHXURSDWKRORJLFDO IHDWXUHVRI$'PLJKW
EH RI WKHUDSHXWLFDO LPSRUWDQFH LQ WKH WUHDWPHQW RI WKLV QHXURGHJHQHUDWLYH
GLVHDVH
5HIHUHQFHV
0DVWHUV&/0XOWKDXS*6LPPV*3RWWJLHVVHU-0DUWLQV51%H\UHX
WKHU.(0%2-1RY
7UDEDFH/.HQGULFN.0-1HXURFKHP2FW
32
*OXWDPDWH$QWLERGLHVLQ$O]KHLPHU'LVHDVH
7DWLDQD'DYLGRYD
,QVWLWXWHRI*HQHUDO3DWKRORJ\DQG3DWKRSK\VLRORJ\5$06
5XVVLD
1LQD9RVNUHVHQVND\D/XFKLD9HWULOH9DOHQWLQD)RPLQD
2OJD'RURQLQD
2EMHFWLYHV 5HFHQW \HDUV JOXWDPDWH H[LWRWR[LFLW\ KDV EHHQ H[WHQVLYHO\
LQYHVWLJDWHG LQ WKH SDWKRJHQHVLV RI QHXURQDO GHJHQHUDWLRQ LQ $O]KHLPHU
GLVHDVH $' ,Q RXU SUHYLRXV VWXGLHV JOXWDPDWH DXWRDQWLERGLHV ZDV GLV
FRYHUHGDQGHVWDEOLVKHGLQEORRGVHUDRISDWLHQWVZLWKPRGHUDWHDQGVHYHUH
$' )XUWKHUPRUH LQ EHKDYLRXUDO H[SHULPHQWV LW ZDV VKRZHG WKDW DFWLYH
LQGXFWLRQRIJOXWDPDWHDQWLERGLHVLPSURYHGFRJQLWLYHIXQFWLRQVLQ%$/%F
PLFHLQWHVWLQJRISDVVLYHDYRLGDQFHSDUDGLJP7KHDLPRISUHVHQWVWXG\ZDV
WRGHWHUPLQHWKHOHYHORIVHUXPDXWRDQWLERGLHVWRJOXWDPDWHLQ$'SDWLHQWV
ZLWKGLIIHUHQWGLVRUGHUVLQFRJQLWLYHIXQFWLRQ
0HWKRGV 7KH OHYHO RI VHUXP JOXWDPDWH DQWLERGLHV ZDV GHWHUPLQHG LQ
PRGL¿HGVROLGSKDVHLPPXQRHQ]\PHDVVD\(/,6$7KHVWXG\LQFOXGHG
IHPDOHSDWLHQWVZLWK$'DQGPHQWDOO\KHDOWK\ZRPHQRIWKHVDPHPHDQ
DJH  \HDUV7KHGLDJQRVLV RI$'ZDVPDGH LQ DFFRUGDQFHZLWK
WKH FULWHULD RI WKH1DWLRQDO ,QVWLWXWH RI 1HXURORJLFDO DQG &RPPXQLFDWLYH
'LVRUGHUVDQG6WURNH1,1&'6DQG$'DQG5HODWHG'LVRUGHUV$VVRFLDWLRQ
$'5'$%UDLQFRPSXWHUWRPRJUDSK\ZDVHPSOR\HGWRGH¿QHWKHVHYHULW\
RI WKHGLVHDVH7KHGHJUHHRIFRJQLWLYH LPSDLUPHQWZDVHYDOXDWHGXVLQJD
YHUEDODQGPHPRU\WHVW0LQL0HQWDO6WDWH([DPLQDWLRQ006(
5HVXOWV7KHOHYHORIDXWRDQWLERGLHVDJDLQVWJ,XWDPDWHZDVDSSUR[LPDWHO\
IROGKLJKHU S LQEORRG VHUXPRI$'SDWLHQWVZLWKPRGHUDWH
DQGVHYHUHFRJQLWLYHLPSDLUPHQW006(VFRUHRIFRPSDUHGWRHOGHUO\
FRQWUROV%\FRQWUDVWWKHOHYHORIJOXWDPDWHDXWRDQWLERGLHVLQWKHVHUXPRI
$'SDWLHQWVZLWKOLJKWFRJQLWLYHLPSDLUPHQW006(VFRUHRI!GLG
QRWGLIIHUHGIURPOHYHORIWKHVHDQWLERGLHVLQHOGHUO\KHDOWK\LQGLYLGXDOV
&RQFOXVLRQV7KLVVXJJHVWVWKDWJOXWDPDWHDXWRDQWLERGLHVDUHLPSOLFDWHGLQ
$'DQGDVSXWDWLYHPDUNHUFRXOGEHH[SORLWHGIRUGLDJQRVWLFVRIJOXWDPDWH
GLVRUGHUVH[SUHVVLRQLQ$'7KHHVWLPDWLRQRIJOXWDPDWHDQWLERGLHVFRXOGEH
XVHIXOOLQDGPLQLVWUDWLRQJOXWDPDWHPRGXODWRUVWR$'SDWLHQWV
.%52/$%'%.%2!4)6%¬$)3/2$%23¬¬039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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3RVWHU6HVVLRQ1R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7KH5HGXQGDQW6LJQDO(IIHFWDV,QGH[RI$EQRUPDO
,QWHUKHPLVSKHULF,QWHJUDWLRQLQ6FKL]RSKUHQLF3DWLHQWVV
9LQFHQ]R)ORULR
5HJLRQDO+RVSLWDO%RO]DQR,WDO\
66DYD]]L&$0DU]L
)URPWKHVWXG\RIVFLHQWL¿FOLWHUDWXUHLWFDQEHOHDUQWWKDWLQVFKL]RSKUHQLF
SDWLHQWVWKHUHDUHDEQRUPDOLWLHVLQLQWHUKHPLVSKHULFLQWHUDFWLRQV$UHOLDEOH
EHKDYLRUDO PHDVXUH RI WKH LQWHUKHPLVSKHULF LQWHJUDWLRQ RI YLVXDO VWLPXOL
LV WKH UHGXQGDQW VLJQDO HIIHFW 56( WKDW LV WKH VSHHGLQJRI UHVSRQVHV WR
GRXEOHVWLPXOLSUHVHQWHGDFURVVWKHYHUWLFDOPHULGLDQDVFRPSDUHGWRVLQJOH
VWLPXOLLQRQHKHPL¿HOG
,QD¿UVWH[SHULPHQWPHGLFDWHGVFKL]RSKUHQLFSDWLHQWVDQGPDWFKHG
FRQWUROVKDGWRSUHVVDVTXLFNO\DVSRVVLEOHWKHVSDFHEDURID3&NH\ERDUG
ZLWKWKHLQGH[¿QJHUIROORZLQJSUHVHQWDWLRQRIVPDOOVLQJOHRUGRXEOHYLVXDO
VWLPXOL7KHODWWHUDSSHDUHGVLPXOWDQHRXVO\RQHLQWKHULJKWDQGLQWKHOHIW
YLVXDO KHPL¿HOG ,Q D VHFRQG H[SHULPHQW D GLIIHUHQW JURXS RI  SDWLHQWV
DQGFRQWUROVSHUIRUPHGWKHVDPHWDVNZLWKWKHGLIIHUHQFHWKDWQRWRQO\
VLPXOWDQHRXVEXWDOVRDV\QFKURQRXVGRXEOHVWLPXOL,6,DQGPV
ZHUHSUHVHQWHG
,Q ([S  ZH IRXQG D UHOLDEO\ ODUJHU 56( IRU QRUPDO  PV WKDQ IRU
VFKL]RSKUHQLF VXEMHFWV PV ,Q WKH VHFRQG H[SHULPHQW WKLV HIIHFWZDV
FRQ¿UPHGPVIRUQRUPDOVDQGPVIRUVFKL]RSKUHQLFV+RZHYHULQ
VFKL]RSKUHQLFSDWLHQWVWKH56(SUDFWLFDOO\GLVDSSHDUHGPVDWWKH,6,RI
PVZKLOHLWZDVVWLOOSUHVHQWLQQRUPDOVXEMHFWVPV
&RQFOXVLRQV6FKL]RSKUHQLFSDWLHQWVKDYHDQHQODUJHG56(LQFRPSDULVRQ
WRQRUPDOVDQGWKLVLVLQNHHSLQJZLWKZKDWKDVEHHQIRXQGLQSDWLHQWVZLWK
DWRWDOFDOORVDOVHFWLRQ7KLVVXJJHVWVDQLPSDLUPHQWRIFDOORVDOLQWHUKHPL
VSKHULFLQWHJUDWLRQLQVFKL]RSKUHQLFV0RUHRYHUWKHGXUDWLRQRIWKHYLVLEOH
SHUVLVWHQFH RI WKH VWLPXOL VHHPV WR EH VPDOOHU LQ VFKL]RSKUHQLFV WKDQ LQ
FRQWUROV
32
&DWHFKRO2PHWK\OWUDQVIHUDVH*HQH3RO\PRUSKLVPLVQRW
$VVRFLDWHGZLWK+RPLFLGHLQ.RUHDQ0DOH6FKL]RSKUHQLFV
,N6HXQJ&KHH
'HSDUWRI3V\FKLDWU\&KXQJQDP1DWLRQDO8QLYHUVLW\7DHMRQ
.RUHD
<RXQJ/DQ.LP6HXQJ.HXQ:DQJ<XQ26KLQ6XQ:RR/HH
-HRQJ/DQ.LP
2EMHFWLYHV 6FKL]RSKUHQLD 635 LV D PDMRU PHQWDO GLVRUGHU DIIHFWLQJ
DSSUR[LPDWHO\  RI WKH JHQHUDO SRSXODWLRQ $QG WKHUH LV D VLJQL¿FDQW
DVVRFLDWLRQ EHWZHHQ 635 DQG VHULRXV RWKHUGLUHFWHG YLROHQW EHKDYLRU
LQFOXGLQJ KRPLFLGH$OWKRXJK YLROHQW EHKDYLRU KDV PXOWLIDFWRULDO FDXVHV
JHQHWLFIDFWRUVSOD\DQLPSRUWDQWUROHLQWKHYLROHQWEHKDYLRU7KHFRQQHF
WLRQEHWZHHQFDWHFKRODPLQHDQGYLROHQWEHKDYLRUKDVEHHQHVWDEOLVKHGZLWK
WKH UHSHDWHG UHVXOW WKDWDOWHUDWLRQV LQFHQWUDO+7IXQFWLRQFRUUHODWHZLWK
LPSXOVLYHDJJUHVVLYHEHKDYLRU0RQRDPLQHR[LGDHV0$2DQG&DWHFKRO
2PHWK\OWUDQVIHUDVH&207DUHLPSRUWDQWHQ]\PHVLQWKHLQLWLDOVWHSVRI
PHWDEROLFWUDQVIRUPDWLRQRIFDWHFKRODPLQHV$FRQVLGHUDEOHDPRXQWRIVWXG
LHGUHVXOWVXJJHVWVWKHORZOHYHOVRI0$2PD\EHDVVRFLDWHGZLWKLPSXOVLYH
DJJUHVVLRQDQGRWKHUIRUPVRIGHYLDQWEHKDYLRU,WLVWKHUHIRUHUHDVRQDEOHWR
K\SRWKHVL]HWKDWORZDFWLYLW\RI&207PD\DOVRHOHYDWHWKHULVNIRUYLROHQW
EHKDYLRU&207FDWDO\]HVWKH6DGHQRV\O/PHWKLRQLQHGHSHQGHQWPHWK\O
FRQMXJDWLRQRIFDWHFKRODPLQHQHXURWUDQVPLWWHUVDQGFDWHFKROGUXJV&207
DFWLYLW\ LVJRYHUQHGE\DSRO\PRUSKLVP9DOLQH!0HWKLRQLQH WKDW UHVXOWV
LQ VXEVWDQWLDO IROGYDULDWLRQV LQHQ]\PDWLFDFWLYLW\*HQHV LQYROYHG LQ
&207 DUH JRRG FDQGLGDWHV IRU UHJXODWLQJ YLROHQW EHKDYLRU HVSHFLDOO\ LQ
6355HFHQWO\WKHUHDUHVRPHUHVXOWVWKDWD9DOLQH!0HWKLRQLQHSRO\PRU
SKLVP LQ&207JHQHZDV DVVRFLDWHGZLWK YLROHQW EHKDYLRU LQ6357KLV
VWXG\ZDVGHVLJQHG WR LQYHVWLJDWH DVVRFLDWLRQEHWZHHQ&207JHQHSRO\
PRUSKLVPDQGKRPLFLGHLQPDOH635
0HWKRGV 7KH &207 JHQH SRO\PRUSKLVP ZDV W\SHG ZLWK 3&5 LQ 
SDWLHQWV ZLWK KRPLFLGDO 635  SDWLHQWV ZLWK QRQYLROHQW 635 DQG 
QRUPDOV 6XEMHFWV ZHUH DOO PDOH 'LDJQRVLV RI VFKL]RSKUHQLD ZDV EDVHG
RQ '60,9 FULWHULD E\  SV\FKLDWULVWV 1RQYLROHQW EHKDYLRU LQ SDWLHQWV
ZLWKQRQYLROHQW635ZDVGHWHUPLQHGDIWHUFKDUWUHYLHZE\SV\FKLDWULVWV
'LIIHUHQFHVLQJHQRW\SHGLVWULEXWLRQVDQGDOOHOHIUHTXHQFLHVRI&207JHQH
SRO\PRUSKLVPZHUHWHVWHGIRUVLJQL¿FDQFHXVLQJȤWHVW3YDOXHVOHVVWKDQ
ZHUHFRQVLGHUHGVWDWLVWLFDOO\VLJQL¿FDQW
5HVXOWV 7KH JHQRW\SH LQ KRPLFLGDO 635 ZLWK YDOYDO YDOPHW PHWPHW
ZHUH    DQG LQ QRQYLROHQW 635 ZHUH
   LQ QRUPDOV ZHUH  
7KH DOOHOH IUHTXHQFLHV LQ KRPLFLGDO 635ZLWK YDO DQGPHWZHUH
  LQ QRQYLROHQW 635ZHUH   LQ
QRUPDOVZHUH  2YHUDOO WKHUHZHUH QR GLIIHUHQFHV
LQ JHQRW\SHȤ  GI  3  DQG DOOHOH IUHTXHQFLHVȤ 
GI 3 DPRQJWKHJURXSV1RGLIIHUHQFHVLQJHQRW\SHȤ 
GI S  DQG DOOHOH IUHTXHQFLHVȤ  GI  S  ZHUH
REVHUYHG ZKHQ KRPLFLGDO 635 DQG QRQYLROHQW 635 ZHUH FRPSDUHG DQG
DOVR WKHUH ZHUH QR GLIIHUHQFHV LQ JHQRW\SHȤ  GI  S  DQG
DOOHOH IUHTXHQFLHVȤ  GI S  EHWZHHQ KRPLFLGDO 635 DQG
QRUPDOV7KHUHZHUHQRGLIIHUHQFHVJHQRW\SHȤ GI S DQG
DOOHOH IUHTXHQFLHVȤ  GI  S  EHWZHHQ QRQYLROHQW 635 DQG
QRUPDOV
&RQFOXVLRQV:HFRXOGQRW¿QGDQ\GLIIHUHQFHVLQJHQRW\SHDQGDOOHOHIUH
TXHQFLHVDPRQJSDWLHQWVZLWKKRPLFLGDO635SDWLHQWVZLWKQRQYLROHQW635
DQGQRUPDOV$OWKRXJKLWQHHGVIXUWKHUVWXG\LQFOXGLQJIHPDOHVFKL]RSKUH
QLDVDQGQRQSV\FKRWLFVXEMHFWVZKRKDYHFRPPLWWHGKRPLFLGHWKHVHUHVXOWV
VXJJHVWWKDW&207JHQHSRO\PRUSKLVPLVQRWFDXVDOO\UHODWHGWRKRPLFLGH
LQPDOHVFKL]RSKUHQLD
5HIHUHQFHV
(URQHQ06FKL]RSKUHQLDDQGKRPLFLGDOEHKDYLRU6FKL]RSKU%XOO

/FKPDQ +0 +XPDQ FDWHFKRORPHWK\OWUDQVIHUDVH SKDUPDFRJHQHW
LFV'HVFUSWLRQRIIXQFWLRQDOSRO\PRUSKLVPDQGLWVSRWHQWLDODSSOLFDWLRQWR
QHXURSV\FKLDWULFGLVRUGHUV3KDUPDFRJHQHWLF
.RWOHU0+RPLFLGDOEHKDYLRULQVFKL]RSKUHQLDDVVRFLDWHGZLWKDJH
QHWLFSRO\PRUSKLVPGHWHUPLQLQJORZFDWHFKRORPHWK\OWUDQVIHUDVH&207
DFWLYLW\$P-0HG*HQHW
32
7KH5HODWLRQVKLSEHWZHHQ3V\FKRWLF6\PSWRPVDQG&RJQLWLYH
)XQFWLRQVLQ6FKL]RSKUHQLF3DWLHQWVWKH(IIHFWRI0HGLFDWLRQ
RQ&RJQLWLYH)XQFWLRQ
<RQJ.X.LP
'HSDUWPHQWRI3V\FKLDWU\&ROOHJHRI0HGLFLQH.RUHD8QLYHUVLW\
$QVDQ+RVSLWDO.RUHD
/HH-$/HH6</HH%++DQ&6
2EMHFWLYHV,WLVZHOONQRZQWKDWQHXURFRJQLWLYHIXQFWLRQVVXFKDVPHPRU\
H[HFXWLRQDQGDWWHQWLRQZHUHLPSDLUHGLQVFKL]RSKUHQLFSDWLHQWV7KHDLPV
RI WKLV VWXG\ ZHUH WR LQYHVWLJDWH ZKHWKHU WKH QHXURFRJQLWLYH IXQFWLRQV
ZRXOG EH FRUUHODWHGZLWK SV\FKRWLF V\PSWRPV DQGZKHWKHU DQWLSV\FKRWLF
WUHDWPHQWVZRXOGDIIHFWWKHQHXURFRJQLWLYHIXQFWLRQV
0HWKRGV 7KH WKLUW\RQH VFKL]RSKUHQLF SDWLHQWV ZKR ZHUH GUXJIUHH IRU
DW OHDVW PRQWKV RU GUXJQDwYH DQGGLDJQRVHGE\'60,9DQG6&,',9
LQWHUYLHZIRUVFKL]RSKUHQLDZHUHUHFUXLWHGLQWKLVVWXG\7KHPHPRU\IXQF
WLRQH[HFXWLYHIXQFWLRQDQGVXVWDLQHGDWWHQWLRQZHUHPHDVXUHGE\DWUDLQHG
SV\FKRORJLVWXVLQJRULHQWDWLRQWHVW270HPRU\$VVHVVPHQW6FDOH0$6
:LVFRQVLQ&DUG6RUWLQJ7HVW:&67DQG9LJLODQFH9,*DQG&RJQLWURQH
&2*LQ9LHQQD7HVW6\VWHP$IWHUZHHNVRIDQWLSV\FKRWLFWUHDWPHQWZH
UHWHVWHGWKHQHXURFRJQLWLYHWHVWVLQRUGHUWRLQYHVWLJDWHWKHHIIHFWRIPHGLFD
WLRQ RQ WKH QHXURFRJQLWLYH IXQFWLRQ 7KH SV\FKRSDWKRORJ\ZDVPHDVXUHG
XVLQJ3$166
5HVXOWV7KH3$166WRWDOVFRUHVDQGQHJDWLYHV\PSWRPVFRUHZHUHVLJQL¿
FDQWQHJDWLYHO\FRUUHODWHGZLWK3URVHPHPRU\VFRUHLQ0$6DQGWRWDOFRU
UHFWFRQFHSWXDOUHVSRQVHVFRUHLQ:&67ZKLOHWKH3$166SRVLWLYHV\PSWRP
VFRUHZHUHQRW,QDGGLWLRQWKH&2*DQG9,*VFRUHVZHUHQHJDWLYHO\FRU
UHODWHGZLWKWKH3$166QHJDWLYHV\PSWRPVFRUHV7KHQHXURFRJQLWLYHWHVWV
DIWHUWKHZHHN¶VWUHDWPHQWVKRZHGVLJQL¿FDQWLPSURYHPHQWVLQVXVWDLQHG
DWWHQWLRQPHPRU\DQGH[HFXWLYHIXQFWLRQH[FHSWRULHQWDWLRQIXQFWLRQLQWKH
VFKL]RSKUHQLFSDWLHQWV6SHFL¿FDOO\ LPSURYHPHQWV LQ WRWDOPHPRU\VFRUHV
DQGYLVXDOPHPRU\VFRUHVZRUGOLVWDFTXLVLWLRQSURVHPHPRU\UHFDOOIDFH
PHPRU\ UHFDOO YLVXDO PHPRU\ UHFDOO DQG YLVXDO PHPRU\ UHFRJQLWLRQ LQ
039#(/4)#¬$)3/2$%23¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
0$6ZHUHUHPDUNDEOH,QDGGLWLRQWKH9,*VFRUHVDQGWKHQXPEHURIWRWDO
HUURUVDQGWKHQXPEHURIQRQSHUVHYHUDWHHUURUVRI:&67ZHUHVLJQL¿FDQWO\
LPSURYHGDIWHUWKHWUHDWPHQW
&RQFOXVLRQV7KLV VWXG\ LQGLFDWHV WKDW WKH QHXURFRJQLWLYH IXQFWLRQVZHUH
PRUH GHIHFWLYH DV WKH SV\FKRWLF V\PSWRPV ZHUH PRUH VHYHUH LQ VFKL]R
SKUHQLF SDWLHQWV 6SHFL¿FDOO\ WKH QHJDWLYH V\PSWRPV ZHUH VLJQL¿FDQWO\
FRUUHODWHGZLWK VXVWDLQHG DWWHQWLRQ DQG H[HFXWLYH IXQFWLRQ0RUHRYHU RXU
UHVXOWV VXJJHVW WKDW FRJQLWLYH IXQFWLRQ GH¿FLW FRXOG EH UHYHUVLEOH DIWHU
WUHDWPHQWDQGPHGLFDWLRQPLJKWKDYHDEHQH¿W LQ LPSURYLQJ WKHFRJQLWLYH
IXQFWLRQVLQVFKL]RSKUHQLD
32
31R*R$QWHULRUL]DWLRQLQ6FKL]RSKUHQLFDQG+HDOWK\
6XEMHFWV
+RUVW.OHLQORJHO
8QLYHUVLW\+RVSLWDORI&OLQLFDO3V\FKLDWU\%HUQ6ZLW]HUODQG
6WHIDQ%HJUp7KRPDV'LHUNV:HUQHU6WULN
2EMHFWLYHV ,WZDV IRXQG WKDW LQFKURQLFVFKL]RSKUHQLFSDWLHQWV WKH1R*R
DQWHULRUL]DWLRQLQDFXHG&RQWLQXRXV3HUIRUPDQFH7HVW&37ZDVPDUNHGO\
UHGXFHG>@2XUVWXG\ZDVSHUIRUPHGWRUHSURGXFHWKLVUHVXOWLQ¿UVWHSLVRGH
VFKL]RSKUHQLFSDWLHQWVE\PLFURVWDWH06DQDO\VLV>@
0HWKRGV  VFKL]RSKUHQLF SDWLHQWV DQG  KHDOWK\ VXEMHFWVPDWFKHG IRU
JHQGHUDQGDJHZHUHLQYHVWLJDWHGZLWKDFXHG&37(YHQWUHODWHGSRWHQWLDOV
(53ZHUH UHFRUGHGZLWK ((*FKDQQHOV*R WULDOVPXVW EH DQVZHUHG
E\SUHVVLQJDEXWWRQ,QHDFKVXEMHFWWKHUHVXOWLQJLQVWDQWDQHRXVWRSR
JUDSKLFDOPDSVRIWKHDQDO\]HGPVLQWHUYDORIWKH*RDQG1R*RDYHU
DJH(53ZHUHFOXVWHUHG LQWR WRSRJUDSKLFDOFODVVHV06ZHUHGH¿QHGDV
FRQWLQXRXVWLPHSHULRGVEHORQJLQJWRWKHVDPHFODVV'XULQJWKH3WKH
PD[LPDODPSOLWXGHDQGWKHUHVSHFWLYHODWHQF\ZLWKLQWKHFRUUHVSRQGLQJ06
DVZHOODVLWVVWDUWHQGDQGGXUDWLRQZHUHGHWHUPLQHG
5HVXOWV7KHUHZDVQRVWDWLVWLFDOO\VLJQL¿FDQWGLIIHUHQFHLQWKHSRVLWLRQVRI
WKH*RDQG1R*RFHQWURLGVDQGWKH1R*RDQWHULRUL]DWLRQEHWZHHQVFKL]R
SKUHQLF SDWLHQWV DQG KHDOWK\ VXEMHFWV+RZHYHU LQ VFKL]RSKUHQLF SDWLHQWV
UHDFWLRQWLPHDQG*RDVZHOODV1R*RODWHQFLHVZHUHSURORQJHG*RDQG
HVSHFLDOO\1R*RDPSOLWXGHVZHUH UHGXFHG DQG EHJLQQLQJ RI WKH*R DQG
1R*R06ZDVUHWDUGHG
&RQFOXVLRQV :KHUHDV PRVW RI WKH 3SDUDPHWHUV UHÀHFWLQJ DWWHQWLRQ
DQGRU FRJQLWLRQ DUH W\SLFDOO\ GHFUHDVHG DOUHDG\ LQ ¿UVW HSLVRGH VFKL]R
SKUHQLFSDWLHQWVDOHVVHQLQJRIWKH1R*RDQWHULRUL]DWLRQVHHPVWRGHYHORS
GXULQJFKURQL¿FDWLRQRIV\VWHPDWLFVFKL]RSKUHQLD
5HIHUHQFHV
>@)DOOJDWWHU(OHFWURSK\VLRORJ\RIWKHSUHIURQWDOFRUWH[LQKHDOWK\FRQWUROV
DQGVFKL]RSKUHQLFSDWLHQWVDUHYLHZ
-1HXUDO7UDQVP
>@/HKPDQQ'HWDO((*DOSKDPDSVHULHV%UDLQPLFURVWDWHVE\VSDFH
RULHQWHGDGDSWLYHVHJPHQWDWLRQ
(OHFWURHQFHSK&OLQ1HXURSK\VLRO
32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'HILQLQJWKH6WHSV7RZDUG5HFRYHU\LQ6FKL]RSKUHQLD
5RVVHOOD0HGRUL
-DQVVHQ&LODJ(0($0HGLFDO$IIDLUV%HHUVH%HOJLXP
-RKQ'RFKHUW\&ROHWWH.RVLN*RQ]DOH]6WHSKHQ5RGULJXH]
&\QWKLD%RVVLH*HRUJHV*KDUDEDZL
2EMHFWLYHV$OWKRXJK ULJRURXV GLDJQRVWLF FULWHULD IRU VFKL]RSKUHQLD KDYH
EHHQHVWDEOLVKHGDQHHGH[LVWVIRUHIIHFWLYHO\FRPPXQLFDWLQJGLVHDVHFRXUVH
DQGRXWFRPHVWRSDWLHQWV,QRWKHUDUHDVRIPHGLFLQHWKLVFRPPXQLFDWLRQLV
IDFLOLWDWHGE\ZHOOHVWDEOLVKHGGH¿QLWLRQVRIUHPLVVLRQDQGUHFRYHU\:KLOH
LW LV TXHVWLRQDEOH ZKHWKHU UHFRYHU\ LV D UHDOLVWLF JRDO LQ VFKL]RSKUHQLD
GH¿QLQJ WKHSDWK WR UHPLVVLRQPD\DGYDQFHFDUHE\ DVVHVVLQJFXUUHQW
WUHDWPHQWSURJUHVVLGHQWLI\LQJEDUULHUVWRUHPLVVLRQDQGLPSURYLQJ
FRPPXQLFDWLRQDQGVHWWLQJH[SHFWDWLRQVZLWKSDWLHQWVDQGFDUHJLYHUV
0HWKRGV 5HFHQWO\ DQ H[SHUW JURXS GHYHORSHG UHPLVVLRQ FULWHULD IRU
VFKL]RSKUHQLD:HZLOOEXLOGRQWKLVZRUNWRGH¿QHWKHFRXUVHRIUHPLVVLRQ
:HK\SRWKHVL]HWKDWVSHFL¿FPHDVXUDEOHFKDQJHVLQSDWLHQWVWDWXVSUHFHGH
UHPLVVLRQ:HZLOOXVHDSSURSULDWHGDWDEDVHV WRFKDUDFWHUL]H WKHQDWXUHRI
FKDQJHVLQV\PSWRPDWRORJ\DQGIXQFWLRQDOVWDWXVIURPDQDFXWHHSLVRGHWR
VXVWDLQHGUHPLVVLRQ
5HVXOWV$ SDQHO RI UHSUHVHQWDWLYHV IURP WUHDWPHQW WHDPV FDUHJLYHUV SD
WLHQWVDQGDGYRFDF\JURXSVZLOOEHFRQYHQHGWRLGHQWLI\FKDUDFWHULVWLF
IHDWXUHVRIWKHVWDJHVRIVFKL]RSKUHQLDGHYHORSDVLPSOHWRROIRUSDWLHQW
DVVHVVPHQWWKURXJKWKHVHVWDJHVDQGFUHDWHDWRROWRKHOSFOLQLFLDQVFRP
PXQLFDWHWKHVHFRQFHSWVWRSDWLHQWVDQGFDUHJLYHUV
&RQFOXVLRQV3URJUHVVRQ WKLV LQLWLDWLYH WRGHYHORS VLPSOHGLDJQRVWLF DQG
FRPPXQLFDWLRQ WRROV WR FKDUDFWHUL]H UHPLVVLRQ LQ VFKL]RSKUHQLD ZLOO EH
SUHVHQWHG
5HIHUHQFHV
$QGUHDVHQ1&&DUSHQWHU:.DQH-0HWDO5HPLVVLRQLQVFKL]RSKUHQLD
SURSRVHGFULWHULDDQGUDWLRQDOHIRUFRQVHQVXV$P-3V\FKLDWU\,QSUHVV
)OHLVFKKDFNHU::(HUGHNHQV0.DUFKHU. HW DO7UHDWPHQW RI VFKL]R
SKUHQLDZLWKORQJDFWLQJLQMHFWDEOHULVSHULGRQHDPRQWKRSHQODEHOWULDO
RI WKH¿UVW ORQJDFWLQJVHFRQGJHQHUDWLRQDQWLSV\FKRWLF-&OLQ3V\FKLDWU\
±
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(OHYDWHG+RPRF\VWHLQHOHYHOVLQILUVWHSLVRGHSV\FKRVLV
&ROLQ2¶'RQQHOO
25<*(15HVHDUFK&HQWUH$XVWUDOLD
7LP6WHSKHQV0LFKDHOD2¶5HJDQ*UHJRU%HUJHU
3DW'0F*RUU\
2EMHFWLYHV +RPRF\VWHLQH DQG IRODWH PHWDEROLVLP LV RI UHQHZHG LQWHUHVW
LQVFKL]RSKUHQLDDQGSV\FKRVLVUHVHDUFK(OHYDWHGKRPRF\VWHLQHLQSHRSOH
ZLWK VFKL]RSKUHQLDSDUWLFXODUO\ LQ\RXQJPDOHVZKR WHQG WRKDYHDPRUH
DGYHUVHRXWFRPH OHGXV WRH[DPLQHKRPRF\VWHLQH OHYHOV LQD¿UVWHSLVRGH
SV\FKRVLVFRKRUW
0HWKRGV3DUWLFLSDQWVZHUHUHFUXLWHGIURPWKH(DUO\3V\FKRVLV3UHYHQWLRQ
DQG,QWHUYHQWLRQ&HQWUH(33,&DVXESURJUDPRI25<*(1<RXWK+HDOWK
(33,& VHUYHV D JHRJUDSKLFDO FDWFKPHQW DUHD RI  DQG SURYLGHV D
¿UVWHSLVRGHSV\FKRVLVVHUYLFHIRU\RXQJSHRSOHDJHGEHWZHHQDQG
3DUWLFLSDQWV FRQVHQWHG WR D GRXEOHEOLQG UDQGRPLVHG SODFHERFRQWUROOHG
WULDOLQYHVWLJDWLQJWKHKRPRF\VWHLQHORZHULQJHIIHFWVRID%FRPSOH[9LWD
PLQRQFRJQLWLRQDQGV\PSWRPDWRORJ\DVDGGRQWRH[LVLWLQJDQWLSV\FKRWLF
PHGLFDWLRQ1RUPDOKHDOWK\FRQWUROVIURPWKHVDPHJHRJUDSKLFDOFDWFKPHQW
DUHDZLWKQRIDPLO\KLVWRU\RISV\FKRVLVZHUHUHFUXLWHGDVDQDJHDQGVH[
PDWFKHGFRPSDULVRQJURXS&RQIRXQGLQJYDULDEOHVIRUKRPRF\VWHLQHOHYHOV
DUHEHLQJDVVHVVHGWKURXJKWKHXVHRIGLHWTXHVWLRQQDLUHVVXEVWDQFHPLVXVH
PHDVXUHVDQGJHQHWLFDQDO\VLVIRU07+)5SRO\PRUSKLVLPV
5HVXOWV 6R IDU  ¿UVW HSLVRGH SV\FKRVLV SDWLHQWV DQG  FRQWUROV KDYH
EHHQ UHFUXLWHG$QDO\VLV VKRZV+RPRF\VWHLQH LV VLJQL¿FDQWO\ HOHYDWHG LQ
¿UVWHSLVRGHSV\FKRVLVSDWLHQWVFRPSDUHGWRDQDJHDQGVH[PDWFKHGFRQWURO
JURXSYVS
&RQFOXVLRQV7KHVH¿QGLQJVDGGWRWKHJURZLQJOLWHUDWXUHRQKRPRF\VWHLQH
DQG SV\FKRVLV +RPRF\VWHLQH LV QHXURWR[LF SURPRWHV DSRSWRVLV DQG KDV
EHHQ OLQNHG WR FRJQLWLYH GHFOLQH /RZHULQJ KRPRF\VWHLQH OHYHOV WKURXJK
WKHXVHRI)RODWH%DQG%PD\KDYHEHQH¿FLDOHIIHFWVRQFRJQLWLRQDQG
V\PSWRPDWRORJ\LQ¿UVWHSLVRGHSV\FKRVLV
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
/RZHUHG)RODWH/HYHOVLQ<RXQJ3HRSOHZLWK)LUVW(SLVRGH
3V\FKRVLVDQG'HSUHVVLRQ
&ROLQ2¶'RQQHOO
25<*(15HVHDUFK&HQWUH$XVWUDOLD
7LP6WHSKHQV0LFKDHOD2¶5HJDQ*UHJRU%HUJHU
3DW'0F*RUU\
2EMHFWLYHV :H VRXJKW WR H[DPLQH WKH SUHYDOHQFH RI VXEFOLQLFDO IRODWH
GH¿FLHQF\ LQD<RXWK3V\FKLDWU\FRKRUW'H¿FLHQFLHV LQ IRODWH LQGLFDWHDQ
XQGHUO\LQJSHUWXEDWLRQRIRQHFDUERQPHWDEROLVP5HFHQWVWXGLHVKDYHLQGL
FDWHGORZHUHGIRODWHOHYHOVLQSHRSOHZLWKVFKL]RSKUHQLDDQGGHSUHVVLRQ:H
LQYHVWLJDWHGLIWKLVZDVGLDJQRVWLFDOO\VSHFL¿FRUDSSOLHGDFURVVDQXPEHURI
SV\FKLDWULFGLVRUGHUV
0HWKRGV 5HG EORRG FHOO IRODWH DQG VHUXP IRODWH OHYHOV ZHUH PHDVXUHG
LQ D FRKRUW RI \RXQJ SHRSOH DJHG EHWZHHQ  DQG  3DWLHQWV DWWHQGHG
25<*(1<RXWK+HDOWKVHUYLQJDJHRJUDSKLFDOFDWFKPHQWDUHDRI
ZKLFKHQFRPSDVVHVWKH(DUO\3V\FKRVLV3UHYHQWLRQDQG,QWHUYHQWLRQ&HQWUH
039#(/4)#¬$)3/2$%23¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
(33,&D¿UVWHSLVRGHSV\FKRVLVVHUYLFH<RXWKVFRSHDPRRGDQGDQ[LHW\
GLVRUGHUFOLQLF+<3(DQHDUO\LQWHUYHQWLRQVHUYLFHIRU\RXQJSHRSOHZLWK
HPHUJLQJSHUVRQDOLW\GLVRUGHUDQG3$&(DFOLQLFIRU\RXQJSHRSOHDWXOWUD
KLJKULVNIRUSV\FKRVLV1RUPDOKHDOWK\FRQWUROVIURPWKHVDPHJHRJUDSKL
FDOFDWFKPHQWDUHDZLWKQRIDPLO\KLVWRU\RISV\FKRVLVZHUHUHFUXLWHGDVDQ
DJHDQGVH[PDWFKHGFRPSDULVRQJURXS
5HVXOWV 6HUXP IRODWH DQG UHG EORRG FHOO IRODWH OHYHOV ZHUH VLJQL¿FDQWO\
ORZHUIRUWKH¿UVWHSLVRGHSV\FKRVLVDQGGHSUHVVLRQJURXSVZKHQFRPSDUHG
ZLWKFRQWUROVDQGRWKHUJURXSV7KHUHZDVQRVLJQL¿FDQWGLIIHUHQFHIRUSD
WLHQWVZLWKELSRODUDIIHFWLYHGLVRUGHUSHUVRQDOLW\GLVRUGHUQRUWKHXOWUDKLJK
ULVNIRUSV\FKRVLVJURXSV
&RQFOXVLRQV2XU¿QGLQJVLQGLFDWHWKDW ORZHUHGIRODWHLVDIHDWXUHRI¿UVW
HSLVRGH SV\FKRVLV DQG GHSUHVVLRQ EXW QRW D JHQHUDO ¿QGLQJ DFURVV RWKHU
SV\FKLDWULFGLVRUGHUV7KHVH¿QGLQJVLQGLFDWHWKDWVXEFOLQLFDOGH¿FLHQFLHVRI
IRODWHPD\EHLPSOLFDWHGLQWKHSDWKRSK\VLRORJ\RI¿UVWHSLVRGHSV\FKRVLV
DQGGHSUHVVLRQ LQ\RXQJSHRSOH)ROLFDFLG VXSSOHPHQWDWLRQPD\KDYHDQ
DGMXQFWLYHUROHWRSOD\LQWKHWUHDWPHQWRI¿UVWHSLVRGHSV\FKRVLVDQGGHSUHV
VLRQ2ILQWHUHVWZDVWKHDEVHQFHRIVXEFOLQLFDOIRODWHGH¿FLHQF\LQWKH8+5
JURXSLQFRPSDULVRQZLWKWKH¿UVWHSLVRGHSV\FKRVLVJURXS:HDUHFXUUHQWO\
FRQGXFWLQJDUDQGRPLVHGGRXEOHEOLQGSODFHERFRQWUROOHGWULDORIIROLFDFLG
VXSSOHPHQWDWLRQDVDQDGMXQFWLYHWRH[LVLWLQJDQWLSV\FKRWLFWUHDWPHQWLQ¿UVW
HSLVRGHSV\FKVLV
7KLVVWXG\LVVXSSRUWHGE\7KH6WDQOH\0HGLFDO5HVHDUFK,QVWLWXWH
32
&3.DQG3URODFWLQ'LIIHUHQFHVLQ8QPHGLFDWHG6FKL]RSKUHQLD
6XEW\SHV
0LFKDHO6HJDO
)OJHOPDQ¶V0D]UD0HQWDO+HDOWK0HGLFDO&HQWHU$FFUH,VUDHO
$YL$YLWDO$QGUHL'HUHYHQVNL6HUJLR6DQGEDQN(OHQD%RJGDQRY
6HYHULQD%HUVWHLQ$EUDKDP:HL]PDQ
2EMHFWLYHV&UHDWLQHSKRVSKRNLQDVH &3. LV DQ HQ]\PH IRXQGSUHGRPL
QDQWO\ LQ WKH KHDUW EUDLQ DQG VNHOHWDO PXVFOHV ,WV VXEVWDQWLDO HOHYDWLRQ
XVXDOO\LQGLFDWHVLQMXU\RUVWUHVVWRRQHRUPRUHRIWKHVHDUHDV
,QFUHDVHGVHUXP&3.DFWLYLW\LVIRXQGLQWKHPDMRULW\RIKRVSLWDOL]HGDFXWHO\
GLVWXUEHGSV\FKRWLFSDWLHQWV:HSRVWXODWHWKDWWKHUHDUHVRPHLQWULQVLFVWDWHV
WKDWDUHUHODWHGWRWKLVDXJPHQWDWLRQ
2XUSUHYLRXVVWXG\6HJDOHWDOVKRZHGDVLJQL¿FDQWDVVRFLDWLRQEH
WZHHQSURODFWLQ35/VHUXPOHYHOVDQGVFKL]RSKUHQLDVXEW\SHVLQXQPHGL
FDWHGSDWLHQWVZLWK³ORZQRUPDO´LQWHUPHGLDWHDQG³KLJKQRUPDO´OHYHOVIRU
WKH SDUDQRLG VFKL]RDIIHFWLYH DQG GLVRUJDQL]HG SDWLHQWV UHVSHFWLYHO\7KLV
35/JUDGLHQWPD\ LQGLFDWH GLIIHUHQFHV LQ GRSDPLQHUJLF WRQH EHWZHHQ WKH
VFKL]RSKUHQLDVXEW\SHVDQGVXSSRUWWKHFOLQLFDODQGWKHQHXURSV\FKRORJLFDO
LQGLYLGXDOLW\RIWKHGLVHDVH¶VYDULRXVIRUPV,QWKHFXUUHQWVWXG\ZHDVVXPH
WKDWGLIIHUHQFHVLQGRSDPLQHUJLFWRQHREVHUYHGLQWKHYDULRXVVXEW\SHVPD\
DOVRFKDQJHWKHOHYHOVRIVHUXP&3.
0HWKRGV (LJKW\ FRQVHFXWLYHO\ DGPLWWHG ¿UVWHSLVRGH DQG UHFXUUHQW XQ
PHGLFDWHG VFKL]RSKUHQLDSDWLHQWVZLWKQRRUDO DQWLSV\FKRWLF WUHDWPHQW IRU
DWOHDVWWKUHHPRQWKVDQGZLWKQRGHSRWDQWLSV\FKRWLFVIRUDWOHDVWPRQWKV
&3.DQG35/ZHUHFROOHFWHGSULRUWRDQ\WUHDWPHQW([FOXVLRQFULWHULDZHUH
SK\VLFDO LOOQHVV LQFOXGLQJDQ\FHUHEUDORU HQGRFULQHSDWKRORJ\ DOFRKRORU
GUXJDEXVHDQGSUHJQDQF\7KHGLDJQRVLVRIVFKL]RSKUHQLDVXEW\SHV3DUD
QRLG6FKL]RDIIHFWLYH'LVRUJDQL]HGZDVPDGHE\'60,9FULWHULDEOLQGO\
WR&3.DQG35/VHUXPOHYHOV
7KH3RVLWLYHDQG1HJDWLYH6\QGURPH6FDOH3$166ZDVXVHGWRDVVHVVWKH
VHYHULW\RIV\PSWRPV
5HVXOWV6LJQL¿FDQWGLIIHUHQFHVLQ&3.DQG35/VHUXPOHYHOVZHUHIRXQG
6SHFL¿FDOO\WKHSDUDQRLGSDWLHQWVVKRZHGWKHORZHVWOHYHORIERWK&3.DQG
35/ ZKHUHDV WKH GLVRUJDQL]HG RQHV VKRZHG WKH KLJKHVW OHYHO &3. DQG
35/VHUXPOHYHOVVKRZHGDVLJQL¿FDQWDQGSRVLWLYHFRUUHODWLRQ0RUHRYHU
3$166LWHPVRIH[FLWDWLRQDQ[LHW\DQGPRWRUUHWDUGDWLRQVKRZHGLQVLJQL¿
FDQWFRUUHODWLRQVZLWKQHLWKHU&3.QRU35/OHYHOV
&RQFOXVLRQV 7KHVH UHVXOWV IXUWKHU VXSSRUW RXU K\SRWKHVLV WKDW WKHUH DUH
LQGLYLGXDO ELRORJLFDO WUDLWV RI WKH VFKL]RSKUHQLD VXEW\SHV DV UHÀHFWHG E\
VHUXPOHYHOVRI&3.DQG35/7KHVH¿QGLQJVPD\EHLPSOLFDWHGLQGH¿QLQJ
KLJKULVN VXEMHFWV WKDW XQGHUJR DQWLSV\FKRWLF WUHDWPHQW HVSHFLDOO\ WKRVH
PLJKWGHYHORSQHXUROHSWLFPDOLJQDQWV\QGURPH
5HIHUHQFHV
6HJDO0$YLWDO$5RMDV0+DXVYDWHU16DQGEDQN6/LED'0RJXLO
ODQVN\/7DO,:HL]PDQ$6HUXPSURODFWLQOHYHOVLQXQPHGLFDWHG
¿UVWHSLVRGHDQGUHFXUUHQWVFKL]RSKUHQLDSDWLHQWVDSRVVLEOHPDUNHUIRUWKH
GLVHDVH¶VVXEW\SHV3V\FKLDWU\5HVHDUFK
32
$3RVVLEOH&RQWULEXWLRQRI3UHIURQWDO3DWKRORJ\WR
0HFKDQLVPVRI3V\FKRVLV
0LFKLR6X]XNL
7R\DPD0HGLFDODQG3KDUPDFHXWLFDO8QLYHUVLW\-DSDQ
6KL<X=KRX7VXWRPX7DNDKDVKL<DVXKLUR.DZDVDNL
0LH0DWVXL0DVD\RVKL.XUDFKL
2EMHFWLYHV'\VIXQFWLRQRIWKHSUHIURQWDOFRUWH[KDVEHHQLPSOLFDWHGLQWKH
FDUGLQDOFKDUDFWHULVWLFVRIVFKL]RSKUHQLD7KHUHKDYHEHHQVHYHUDOPDJQHWLF
UHVRQDQFH LPDJLQJ 05,VWXGLHV WKDWGHPRQVWUDWHGSUHIURQWDOYROXPHUH
GXFWLRQVLQVFKL]RSKUHQLDZKHUHDV OLWWOHKDVEHHQNQRZQDERXW WKHQDWXUH
RI SUHIURQWDO LQYROYHPHQW LQ VFKL]RW\SDO SHUVRQDOLW\ GLVRUGHU D VFKL]R
SKUHQLDVSHFWUXPGLVRUGHUZLWKRXWÀRULGSV\FKRWLFHSLVRGH&ODULI\LQJWKH
VLPLODULWLHVDQGGLIIHUHQFHV LQ WKHSUHIURQWDOFRUWH[DEQRUPDOLWLHVEHWZHHQ
HVWDEOLVKHGVFKL]RSKUHQLDDQGVFKL]RW\SDOGLVRUGHUPD\SURYLGHDFOXHIRU
WKHPHFKDQLVPVXQGHUO\LQJWKHGHYHORSPHQWRIVFKL]RSKUHQLFSV\FKRVLV
0HWKRGV+LJKUHVROXWLRQPDJQHWLFUHVRQDQFHLPDJHVZHUHDFTXLUHGIURP
 SDWLHQWV ZLWK VFKL]RW\SDO GLVRUGHU ,&'  SDWLHQWV ZLWK VFKL]R
SKUHQLD DQG  KHDOWK\ YROXQWHHUV PDWFKHG IRU DJH JHQGHU KDQGHGQHVV
DQGSDUHQWDO HGXFDWLRQ9ROXPHWULFPHDVXUHPHQWVRI WKHSUHIURQWDO FRUWH[
ZHUHSHUIRUPHGXVLQJFRQVHFXWLYHPPWKLFNFRURQDOVOLFHV3DUFHOODWLRQ
RIWKHSUHIURQWDOFRUWH[LQWRVXEFRPSRQHQWVZDVSHUIRUPHGDFFRUGLQJWRWKH
LQWULQVLFDQDWRPLFDOODQGPDUNVRIWKHIURQWDOVXOFLJ\UL
5HVXOWV7RWDO SUHIURQWDO JUH\PDWWHU YROXPHVZHUH VPDOOHU ELODWHUDOO\ LQ
WKHVFKL]RSKUHQLDSDWLHQWVWKDQLQWKHFRQWUROVDQGWKHVFKL]RW\SDOSDWLHQWV
ZKHUHDVWKHVFKL]RW\SDOSDWLHQWVKDGODUJHUSUHIURQWDOJUH\PDWWHUWKDQWKH
FRQWUROV LQ WKHULJKWKHPLVSKHUH7KHVFKL]RSKUHQLDSDWLHQWVKDG OHVVJUH\
PDWWHU LQWKHELODWHUDOVXSHULRUIURQWDOJ\UXV OHIWPLGGOHIURQWDOJ\UXVEL
ODWHUDOLQIHULRUIURQWDOJ\UXVDQGELODWHUDOVWUDLJKWJ\UXVFRPSDUHGZLWKWKH
FRQWUROV7KHVFKL]RSKUHQLDSDWLHQWVDOVRKDGUHGXFHGJUH\PDWWHUYROXPHV
LQWKHULJKWVXSHULRUIURQWDOJ\UXVELODWHUDOPLGGOHIURQWDOJ\UXVULJKWLQIH
ULRUIURQWDOJ\UXVDQGULJKWVWUDLJKWJ\UXVUHODWLYHWRWKHVFKL]RW\SDOSDWLHQWV
&RPSDUHGZLWKWKHFRQWUROVWKHVFKL]RW\SDOSDWLHQWVKDGODUJHUYROXPHVRI
WKHELODWHUDOPLGGOHIURQWDOJ\UXVDQGVPDOOHUYROXPHVRIWKHULJKWVWUDLJKW
J\UXV7KHUHZHUHQRVLJQL¿FDQWEHWZHHQJURXSGLIIHUHQFHV LQYROXPHVRI
WKHYHQWUDOPHGLDOSUHIURQWDOFRUWH[RUWKHRUELWRIURQWDOFRUWH[
&RQFOXVLRQV 7KHVH UHVXOWV VXJJHVW WKDW ZLGHVSUHDG LQYROYHPHQW RI WKH
SUHIURQWDOFRUWLFHVPD\OHDGWRWKHORVVRILQKLELWRU\FRQWUROLQRWKHUEUDLQ
UHJLRQV DQG SOD\ D FULWLFDO UROH LQ WKH PDQLIHVWDWLRQ RI RYHUW SV\FKRVLV
,QFUHDVHV LQ WKHSUHIURQWDO JUH\PDWWHU YROXPH LQ WKH VFKL]RW\SDO SDWLHQWV
PLJKWUHÀHFWWKHFRPSHQVDWRU\PHFKDQLVP
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1R$VVRFLDWLRQRI$.7ZLWK6FKL]RSKUHQLDLQD*HUPDQ
6DPSOH
.DWULQ7KLHUIHOGHU
'HSDUWPHQWRI3V\FKLDWU\/XGZLJ0D[LPLOLDQV8QLYHUVLW\
*HUPDQ\
,QD*LHJOLQJ/DUV0KOHQKRII3LHUDQGUHD0XJOLD&ODLUH%LUHOO
-DNRE0OOHU7KRPDV%HWWHFNHQ7KRPDV0HLWLQJHU
+DQV-UJHQ0|OOHU'DQ5XMHVFX
2EMHFWLYHV(PDPLDQHWDOSURYLGHGVHYHUDOOLQHVRIHYLGHQFHIRU
WKHLQYROYHPHQWRIWKHNLQDVH$.7LQVFKL]RSKUHQLD)LUVWOHYHOVRI$.7
ZHUHORZHULQO\PSKRLGFHOOOLQHVDQGSRVWPRUWHPIURQWDOFRUWH[RILQGLYLG
XDOVZLWKVFKL]RSKUHQLD6HFRQGWKHUHGXFWLRQLQ$.7OHYHOVZDVUHÀHFWHG
E\DUHGXFWLRQLQVXEVWUDWHSKRVSKRU\ODWLRQLQSHULSKHUDOO\PSKRF\WHVDQG
SRVWPRUWHPIURQWDO FRUWH[7KLUG$.7NQRFNRXWPLFHGLVSOD\HGJDWLQJ
GH¿FLWV RI WKH VWDUWOH UHÀH[XQGHU WUHDWPHQWZLWK DPSKHWDPLQH )LQDOO\ D
$.7KDSORW\SHZDVJHQHWLFDOO\DVVRFLDWHGZLWKVFKL]RSKUHQLD7ZRVWXG
LHV LQ-DSDQHVHSURYLGHGFRQÀLFWLQJDVVRFLDWLRQUHVXOWV ,NHGDHWDO
2KWVXNLHWDO7KHDLPRIRXUVWXG\ZDVWRUHSOLFDWHWKHHYLGHQFHIRU
DJHQHWLFDVVRFLDWLRQRI$.7ZLWKVFKL]RSKUHQLD
0HWKRGV7KHVXEMHFWV FDVHVDQGFRQWUROVZHUHRI*HUPDQGH
VFHQW3DWLHQWVPHW'60,9FULWHULDIRUVFKL]RSKUHQLD[['LDJQRVLV
039#(/4)#¬$)3/2$%23¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
ZDVEDVHGRQDQSV\FKLDWULFLQWHUYLHZLQFOXGLQJWKH6&,'+HDOWK\YROXQ
WHHUVDQGWKHLU¿UVWGHJUHHUHODWLYHVZHUHIUHHRIQHXURSV\FKLDWULFGLVRUGHUV
)RXU 613V LQ$.7ZKLFKZHUH SUHYLRXVO\ IRXQG WR EH DVVRFLDWHGZLWK
VFKL]RSKUHQLDZHUHJHQRW\SHGE\XVLQJWKH0$/',72)PHWKRG
5HVXOWV*HQRW\SHIUHTXHQFLHVRIDOO613VZHUHLQ+DUG\:HLQEHUJ(TXL
OLEULXP3DLUZLVH/LQNDJH'LVHTXLOLEULXPVKRZHGRQO\EORFNVWUXFWXUHZLWK
WZR613V6LQJOHPDUNHUDQGKDSORW\SHDQDO\VHVUHYHDOHGQRDVVRFLDWLRQRI
WKHVH613VDQGWKHGLVHDVH
&RQFOXVLRQV:HZHUHQRWDEOHWRUHSOLFDWHWKHLQLWLDOO\SRVLWLYHUHVXOWV)XU
WKHUVWXGLHVLQGLIIHUHQWSRSXODWLRQVDUHQHHGHGWRFODULI\WKHUROHRIJHQHWLF
YDULDQWVRI$.7LQVFKL]RSKUHQLD
5HIHUHQFHV
(PDPLDQ (6 +DOO ' %LUQEDXP0- .DUD\LRUJRX0 *RJRV -$ 
&RQYHUJHQW HYLGHQFH IRU LPSDLUHG$.7*6.EHWD VLJQDOLQJ LQ VFKL]R
SKUHQLD1DW*HQHW
2KWVXNL 7 ,QDGD 7 $ULQDPL 7  )DLOXUH WR FRQ¿UP DVVRFLDWLRQ
EHWZHHQ $.7 KDSORW\SH DQG VFKL]RSKUHQLD LQ D -DSDQHVH FDVHFRQWURO
SRSXODWLRQ0RO3V\FKLDWU\
,NHGD0,ZDWD16X]XNL7.LWDMLPD7<DPDQRXFKL<.LQRVKLWD<,QDGD
72]DNL1$VVRFLDWLRQRI$.7ZLWKVFKL]RSKUHQLDFRQ¿UPHGLQD
-DSDQHVHSRSXODWLRQ%LRO3V\FKLDWU\
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
3DUDPHWHUVRI%DVDO*DQJOLDDQG)URQWDO/REHVDV0DUNHUVRI
/LDELOLW\WR6FKL]RSKUHQLD
1LQD9RVFUHVHQVND\D
0HQWDO+HDOWK5HVHDUFK&HQWUH5$060RVFRZ5XVVLD
1DWDOLD(IDQRYD9HUD2UORYD/HRQLG*XEVN\'PLWUL\.XSULDQRY
1LNROD\$QLVLPRY7DWLDQD*DQLVKHYD5RVWLVODY1LNRODHY
2EMHFWLYHV$EQRUPDOLWLHVZLWKLQWKHFRUWLFRVWULDWRWKDODPRFRUWLFDOFLUFXLW
KDYHEHHQVXJJHVWHGLQVFKL]RSKUHQLD7KHDLPRIWKHVWXG\ZDVWKHDQDO\VLV
RIFRUUHODWLRQVEHWZHHQEDVDOJDQJOLDDQGIURQWDOOREHVSHFXOLDULWLHVDQGOL
DELOLW\WRVFKL]RSKUHQLD
0HWKRGVSDWLHQWVZLWKVFKL]RSKUHQLDDQGFRQWUROVZHH[DPLQHGE\
05,PHWKRGV
0RUIRPHWULFDQDO\VLVRIFDXGDWH&DQGOHQWLIRUPLVQXFOHXV/1DVZHOODV
IURQWDOOREHV)/WRWDOYROXPHVZDVSHIRUPHG&KDUDFWHULVWLFVRIVXEFRUWL
FDODQGIURQWDOVWUXFWXUHVZHUHDVVHVVHGE\ELVHULDOFRHI¿FLHQWVRIFRUUHOD
WLRQV%&&RQWKHEDVLVRIVWDQGDUGVWDWLVWLFDOGDWDLQWKHJURXSVRISDWLHQWV
DQGFRQWUROJURXSDVZHOODVVFKL]RSKUHQLDUDWHLQSRSXODWLRQ
5HVXOWV7KHUHVXOWVVKRZHGQRQVLJQL¿FDQWUHGXFWLRQRIEDVDOJDQJOLDDQG
IURQWDO OREHV YROXPHV LQ SDWLHQWV DV FRPSDUHG WR FRQWUROV %&& VWXGLHG
PRUSKRORJLFDOSDUDPHWHUVZDVVLJQL¿FDQWDQGYDULHGIURPVORZWRPRGHUDWH

&RQFOXVLRQV 7KH GDWD GHPRQVWUDWHG WKDW &1/ DQG )/ YROXPHV FDQ EH
FRQVLGHUHG DV WKHPDUNHUV RI OLDELOLW\ WR VFKL]RSKUHQLD0HQWLRQHG DERYH
FKDUDFWHULVWLFVFDQEHDSSOLHGWRWKHGHYHORSPHQWRILGHQWL¿FDWLRQFULWHULRQ
IRUVXEMHFWVZLWKKLJKSUHGLVSRVLWLRQ WRVFKL]RSKUHQLDDQG WRSURJQRVLVRI
LOOQHVVRXWFRPH
32
1HXUDO&HOO$GKHVLRQ0ROHFXOHLQ6HUXPDVD0DUNHUIRU
6FKL]RSKUHQLD
7DQDND<RNR
$VDL+RVSLWDO-DSDQ
.XQLKLNR$VDL<XPL6KLPDGD+LURVKL8HGD6DWRVKL<RVKLGD
2EMHFWLYHV7KHQHXUDOFHOODGKHVLRQPROHFXOH1&$0LVDFHOOUHFRJQL
WLRQPROHFXOH LQYROYHG LQFHOOXODUPLJUDWLRQV\QDSWLFSODVWLFLW\DQG&16
GHYHORSPHQW3UHYLRXVVWXGLHVKDYHUHYHDOHGDOWHUDWLRQRI1&$0IUDJPHQWV
LQ&6)RIVFKL]RSKUHQLFSDWLHQWV,QWKLVVWXG\ZHDLPHGWRGHWHFWFLUFXODW
LQJ1&$0IUDJPHQWV LQ WKH VHUXPDQG WRGHWHUPLQHGLIIHUHQFHVEHWZHHQ
VFKL]RSKUHQLFSDWLHQWVDQGKHDOWK\FRQWUROV,QWKHSDWLHQWVZHDOVRH[DP
LQHG WKH UHODWLRQVKLSVEHWZHHQ WKH OHYHOV RI FLUFXODWLQJ1&$0IUDJPHQWV
DQGVFKL]RSKUHQLFV\PSWRPV
0HWKRGV 6DPSOHVZHUH REWDLQHG IURP FKURQLF VFKL]RSKUHQLF SDWLHQWV
DQGKHDOWK\FRQWUROV$OOSDWLHQWVZHUHGLDJQRVHGDFFRUGLQJ WR'60,9
FULWHULD DQG UHFHLYHG FRQVLVWHQW GRVHV RI W\SLFDO RU DW\SLFDO DQWLSV\FKRWLF
PHGLFDWLRQ1&$0IUDJPHQWVLQVHUDDIWHUUHPRYDORIDOEXPLQDQGJOREX
OLQ ZHUHPHDVXUHG E\:HVWHUQ EORW WHFKQLTXHZLWKPRQRFORQDO DQWLERG\
DJDLQVW VLDO\ODWHG 1&$0 )RU VFKL]RSKUHQLF SDWLHQWV V\PSWRPV ZHUH
HYDOXDWHGEDVHGRQVFRUHVIURPWKH3RVLWLYHDQG1HJDWLYH6\PSWRPV6FDOH
3$166
5HVXOWV1&$0LPPXQRUHDFWLYHEDQGVZHUHGHWHFWHGSULPDULO\DWN'D
N'DN'DN'DN'DDQGN'DLQKXPDQVHUXP6DPSOHVIURP
SDWLHQWVDQGFRQWUROVVKRZHGVLPLODUSDWWHUQVRIEDQGVEXWWKHVWDLQLQJLQ
WHQVLWLHVRIFHUWDLQEDQGVGLIIHUHG6FKL]RSKUHQLFSDWLHQWVVKRZHGLQFUHDVHV
DW WKH N'D N'D N'D DQG N'D EDQGV EXW GHFUHDVHV DW WKH
N'DDQGN'DEDQGVFRPSDUHGWRKHDOWK\FRQWUROV7KHN'DN'D
UDWLRZDV WKHPRVW RXWVWDQGLQJ LQ WHUPV RI VLJQL¿FDQW GLIIHUHQFH EHWZHHQ
VFKL]RSKUHQLFSDWLHQWVDQGKHDOWK\FRQWUROVDQGZDVVXEVWDQWLDOO\HOHYDWHG
LQ VFKL]RSKUHQLF SDWLHQWV 7KRVH WDNLQJ DW\SLFDO DQWLSV\FKRWLFV VKRZHG D
JUHDWHULQFUHDVHFRPSDUHGWRWKRVHWDNLQJW\SLFDODQWLSV\FKRWLFV)RUKHDOWK\
FRQWUROVWKHN'DN'DUDWLRZDVSRVLWLYHO\FRUUHODWHGZLWKDJH
&RQFOXVLRQV,QFUHDVHG1&$0LQVFKL]RSKUHQLFSDWLHQWVVXJJHVWVHOHYDWHG
PHPEUDQHWXUQRYHUDQGRUDEQRUPDOLWLHVLQWKHUHJXODWLRQRISURWHRO\VLVRI
1&$0:HSURSRVHWKDW1&$0IUDJPHQWVGHWHFWHGLQVHUXPPD\EHXVHG
DVDELRORJLFDOPDUNHUIRUDVVLVWLQJZLWKWKHGLDJQRVLVRIVFKL]RSKUHQLD
5HIHUHQFHV
9DZWHU03 HW DO &KDUDFWHUL]DWLRQRIKXPDQFOHDYHG1&$0DQG
DVVRFLDWLRQZLWKVFKL]RSKUHQLD([SHULPHQWDO1HXURORJ\
32
%LRORJLFDO&RUUHODWLYHVLQ)DPLOLHVRI3DWLHQWVZLWK
6FKL]RSKUHQLD
(OHQD*XWNHYLFK
0HQWDO+HDOWK5HVHDUFK,QVWLWXWH7RPVN6FLHQFH&HQWUH6%
5$06L5XVVLD
6YHWODQD,YDQRYD/XGPLOD5\DGRYDMD
2EMHFWLYHV 6WXG\LQJ FOLQLFDOELRORJLFDO FRUUHODWLYHV RI VFKL]RSKUHQLD LQ
IDPLOLHV IRU GHWHUPLQDWLRQ RI JHQHWLF PHFKDQLVPV RI GHYHORSPHQW WKLV
PHQWDOGLVRUGHU
0HWKRGVIDPLOLHVRISDWLHQWVZLWKVFKL]RSKUHQLDSUREDQGVUHOD
WLYHV RI WKH¿UVW GHJUHH RI UHODWLRQVKLS DQGPHQWDO DQG VRPDWLF KHDOWK
SHUVRQV :H HVWLPDWHG SURFHVVHV RI DSRSWRVLV DW UHFHSWRU DQG FHOOOLNH
OHYHOVPHDVXUHGOLSLGSHUR[LGDWLRQWKLREDUELWXULFDFLGUHDFWLYHVXEVWDQFHV
7%$56RQHU\WKURF\WHVDQGOHYHORIPHGGOHPROHFXOHV00RIVHUXPRI
EORRGZLWK GH¿QLWLRQ VSHFWUXP00 DQG LQGH[HV SHSWLG±QXFOHDU DQG DUR
PDWLFIRUWKHSDWLHQWVDQGUHODWLYHVRIWKH¿UVWGHJUHHRIUHODWLRQVKLS
5HVXOWV:HKDYHREVHUYHGVWDWLVWLFDOO\VLJQL¿FDQWLQFUHDVHRIH[SUHVVLRQRI
DUHFHSWRU&'LQLQVSHFWHGSDWLHQWVZLWKVFKL]RSKUHQLDLQFRPSDULVRQ
ZLWK FRQWURO S )RU WKH UHODWLYHV RI SDWLHQWV WKLV PHWULF VWDWLVWL
FDOO\GLGQRWGLIIHUIURPFRQWURO7KHOHYHORIVSRQWDQHRXVDSRSWRVLVRIQHX
WURSKLOVIRUWKHSHUVRQVZLWKVFKL]RSKUHQLDGLIIHUHGIURPYDOXHVRIFRQWURO
S WKH WHQGHQF\ WR LQFUHDVHRI WKLVPHWULF LVFKDUDFWHULVWLF IRU WKHLU
UHODWLYHVLQFRPSDULVRQZLWKFRQWURO,QEORRGRISDWLHQWVDQGWKHLUUHODWLYHV
WKHO\PSKRF\WHVZLWKIUDJPHQWHGQXFOHXVZHUHREVHUYHGUHOLDEO\PRUHRIWHQ
S+DYH GHWHUPLQHG LQFUHDVH7%$56 DW SUREDQGV RI SDWLHQWVZLWK
VFKL]RSKUHQLD0FPOODQGUHODWLYHVS LQ
FRPSDULVRQZLWKFRQWUROS$WUHODWLYHV LWZDVQRWHG
LQFUHDVH(RIVSHFWUXP00LQFRPSDULVRQRIFRQWURO
&RQFOXVLRQV7KH DPSOL¿FDWLRQ RI SURFHVVHV RI DSRSWRVLV DW UHFHSWRU DQG
FHOOOLNH OHYHOV LV FKDUDFWHULVWLF IRU WKH SDWLHQWV ZLWK VFKL]RSKUHQLD WKH
WHQGHQF\WRDQDPSOL¿FDWLRQRIWKLVSURFHVVLVFKDUDFWHULVWLFIRUWKHLUUHOD
WLYHV6FKL]RSKUHQLDPXOWLIDFWRULDOGLVRUGHUVLWVGHYHORSPHQWGHSHQGVRQ
JHQHWLFWKHNQRZOHGJHRIWKHVHIHDWXUHVZLOODOORZUHQGHULQJDVVLVWDQFHZLWK
JUHDWHI¿FLHQF\
32
3ULPDU\&16O\PSKRPDZLWK3V\FRVLV$&DVH5HSRUW
(PUHP%HVWHSH
7XUNH\
2EMHFWLYHV 3V\FKRVLV VHFRQGDU\ WR EUDLQ WXPRUV DUH UDUH EXW VRPHWLPHV
WKH\FDQEHWKHPRVWLPSRUWDQWV\PSWRP7KHDLPRIWKLVDUWLFOHWRSRLQWRXW
SV\FKLDWULFV\PSWRPVWKUHDWLQJOLIHEHFDXVHRIWKHGHOXVLRQDOEHKDYLRXUV
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
0HWKRGV3ULPDU\FHQWUDOQHUYRXVV\VWHPO\PSKRPDV3&16/DUHXVXDOO\
GLIIXVH ODUJH%FHOO QRQ+RGJNLQµV O\PSKRPDV 1+/ ,W LV D UDUH WXPRU
FRPSULVLQJDURXQGRQHSHUFHQWRIDOOEUDLQWXPRUV,WRFFXUVZLWKLQFUHDVLQJ
IUHTXHQF\LQLPPXQRORJLFDOO\QRUPDODVZHOODVLQLPPXQRFRPSURPLVHG
LQGLYLGXDOV(VSHFLDOO\ WKHUH DUH IRFDO QHXURORJLFDO VLJQV  7XPRUV RI WKH
EUDLQPD\ SUHVHQWZLWK V\PSWRPV UHVHPEOLQJ SV\FKRVLV RU GHSUHVVLRQ RU
ZLWKIHDWXUHVRIGHOXVLRQVKDOOXFLQDWLRQVPDQLDRUFDWDWRQLD7KHUHLVDQ
RYHUUHSUHVHQWDWLRQRIWXPRUVDIIHFWLQJWKHIURQWDOOREHWHPSRUDOOREHDQG
GLHQFHSKDORQLQSDWLHQWVZLWKWKHVHPDQLIHVWDWLRQV7KHFDVHRI\HDUROG
PDQZLWKSV\FKRVLVVHFRQGDU\WRDSULPDU\&16O\PSKRPDLVSUHVHQWHG
5HVXOWV7KH SDWLHQWZDVPDUULHG XQHPSOR\HG  \HDUROGPDQ+HZDV
IRUFHGWRFRPHWRWKHSV\FKLDWULFKRVSLWDODIWHUDKRPLFLGDODWWDFNDJDLQVW
KHUZLIH7KHQ KH DWWHPSWHG VXLFLGH$VZH OHDUQHG IURPKLV UHODWLYHV KH
KDGKDGKHDGDFKHDQGSDUHVLVRQWKHOHIWKDQGLQ+HKDGJRQHWRWKH
KRVSLWDODQGSU\PDU\&16O\PSKRPDKDGEHHQGLDJQRVHGEXWLWKDGQµWEHHQ
FRQ¿UPHG E\ D ELRSV\+HZDV JLYHQ PJGD\ SUHGQLVRORQH IRU  GD\V
$IWHU WKDW WUHDWPHQW KLV V\PSWRPV KDG GLVDSSHUHG XQWLO MDQXDU\ $W
WKDW WLPHKHKDGEHFRPH MHDORXVDERXWKLVZLIH+HKDG WKRXJKW WKDW VKH
ZDVFKHDWLQJRQKLP$IWHUDGLVDUWULFVSHHFKDQGLPEDODQFHLQZDONLQJKDG
EHJXQKHZDVKRVSLWDOLVHGLQQHXURORJLFDOFOLQLF,QKLV05,LPDJLQJWKHUH
ZDVDWXPRXULQULJKWWHPSRURSDULHWDOUHJLRQDQGSRVWHULRUOLPELFDUHD$IWHU
D VWHUHRWDFVLF ELRSV\ SULPDU\&16 O\PSKRPDZDV FRP¿UPHG PJGD\
SUHGQLVRORQHWUHDWPHQWZDVEHJXQ$WWKHGD\RIWKHWUHDWPHQWKHVWDEHG
DWKLVZLIHVHYHUDOWLPHVDQGKHWULHGWRMXPSRXWRIWKHZLQGRZDWÀRRU
EXWKHUHVFXHGE\KLVQHLJKERXUV+LVZLIHZDVQRWGLHG
,Q WKH SV\FKLDWULF KRVSLWDO KH ZDV JLYHQ  PJGD\ KDORSHULGRO DQG 
PJGD\ ELSHULGHQ$W  GD\ RI KLV KRVSLWDOL]DWLRQKH EHFDPH OHWKDUJLF
DQG WUDQVIHUUHG WR WKH QHXURORJLFDO FOLQLF+DORSHULGRO DQG ELSHULGHQZHUH
VWRSSHG+H UHFHLYHG FKHPRWKHUDS\ SOXV ZKROHEUDLQ LUUDGLDWLRQ $IWHU 
PRQWKVRIKLVGLVFKDUJHKHKDGQRSV\FKLDWULFV\PSWRP
&RQFOXVLRQV3V\FKRVLVVHFRQGDU\ WREUDLQ WXPRU LV UHODWLYHO\UDUH,Q WKLV
FDVH WKHUH ZHUH VHYHUH GHOXVLRQV DQG KRPLFLGDO DQG VXLFLGDO EHKDYLRXU
FDXVHGE\SULPDU\&16O\PSKRPD7KHKRPLFLGDODQGVXLFLGDOEHKDYLRXU
ZDV LQGXFHG E\ VWHURLG WKHUDS\$IWHU WKH UDGLDWLRQ WKHUDS\ DQG FKHPR
WKHUDS\V\PSWRPVFRPSOHWHO\UHVROYHG
32
7R[RSODVPD*RQGLLDQG6FKL]RSKUHQLD
0RMJDQ0RNKWDUL
'HSDUWPHQWRI3DWKRORJ\(VIDKDQ8QLYHUVLW\RI0HGLFDO6FLHQFHV
,UDQ
0RKDPPDGUH]D0RNKWDUL0HKUGDG6DOHKL
2EMHFWLYHV,QIHFWLRXVDJHQWVPD\FRQWULEXWHWRVRPHFDVHVRIVFKL]RSKUH
QLD,QDQLPDOV7JRQGLLLQIHFWLRQFDQDOWHUEHKDYLRXUDQGQHXURWUDQVPLWWHU
IXQFWLRQ(VWDEOLVKLQJWKHUROHRI7JRQGLLLQHWLRSDWKRJHQHVLVRIVFKL]RSKUH
QLDPLJKWOHDGWRQHZPHGLFDWLRQVIRUSUHYHQWLRQDQGWUHDWPHQW7KHDLPRI
WKLVVWXG\LVWRHYDOXDWHWKHUHODWLRQEHWZHHQVFKL]RSKUHQLDDQG7JRQGLLLQ
,UDQLDQSDWLHQWV
0HWKRGV 6HUXP VDPSOHV RI  FDVHV RI VFKL]RSKUHQLD DQG  RI D
PDWFKHG FRQWURO JURXS ZHUH H[DPLQHG IRU 7R[RSODVPD DQWLERGLHV ,J*
,J0E\(OLVDPHWKRG'DWDZHUHDQDO\VHGE\&KLVTXDUHDQG2GGUDWLRDQG
3YDOXHOHVVWKDQZDVGHWHUPLQHGVWDWLVWLFDOO\VLJQL¿FDQW
5HVXOWVRXWRISDWLHQWFDVHVDQGRXWRIFRQWURO
VXEMHFWVZHUHDQWLERG\SRVLWLYH7KHGLIIHUHQFHZDVVWDWLVWLFDOO\PHDQLQJIXO
7KHUHZHUHQRGLIIHUHQFHVEHWZHHQDJHJURXSVDQGERWKJHQGHUV
&RQFOXVLRQV7KHVH¿QGLQJV LQGLFDWH WKDW7JRQGLLPD\SOD\D UROH LQ WKH
HWLRSDWKRJHQHVLVRIVRPHVFKL]RSKUHQLFFDVHV7KHUHIRUHPRUHEDVLFVWXG
LHVDQGFOLQLFDO WULDOVDUH UHFRPPHQGHG WRDVVHVV WKLVSRVVLEOH UROHDQG WR
FRQVLGHUVRPHSUHYHQWLYHDQGUHPHGLDOSURJUDPPHV
32
3RVWHU6HVVLRQ1R
32
&RUWLFDO9ROXPH&KDQJHVLQ5HODWLRQWR3HULSKHUDO%LRORJLFDO
)LQGLQJVLQ6FKL]RSKUHQLD
/HQD)O\FNW
.DUROLQVND,QVWLWXWHWDW'DQGHU\GV+RVSLWDO6ZHGHQ
3HU-XOLQ*XQQDU(GPDQ/HLI6YHQVVRQ)ULWV$[HO:LHVHO
2EMHFWLYHV 3UHYLRXVO\ZH IRXQG HOHFWURSK\VLRORJLFDO PDFUR(0* DQG
PXVFOHELRSV\FKDQJHV LQVNHOHWDOPXVFOHDQGSDWKRORJLFDO W\URVLQH WUDQV
SRUWNLQHWLFVDFURVVWKH¿EUREODVWPHPEUDQHLQSDWLHQWVZLWKVFKL]RSKUHQLD
7KHDLPRIWKHVWXG\ZDVWRLQYHVWLJDWHUHODWLRQVKLSVEHWZHHQEUDLQYROXPH
FKDQJHVDQGSHULSKHUDOELRORJLFDOFKDQJHVLQWKHVDPHSDWLHQWVFRPSDUHGWR
KHDOWK\FRQWUROV
0HWKRGV7ZHQW\VL[SDWLHQWVZLWKVFKL]RSKUHQLD¿UVWHSLVRGHDQG
FKURQLFSDWLHQWVDQGKHDOWK\FRQWUROVXQGHUZHQWPDJQHWLFUHVRQDQFHLP
DJLQJXVLQJDQDXWRPDWHGPHWKRGIRUYROXPHWULFPHDVXUHPHQWRIFRUWLFDO
DUHDVDIWHUVHJPHQWDWLRQLQWROLTXRUJUD\DQGZKLWHPDWWHU
5HVXOWV:KLWHPDWWHUUHGXFWLRQVZHUHIRXQGLQWKHWHPSRUDOSDULHWDODQG
RFFLSLWDO FRUWLFHV ZLWK QR GLIIHUHQFHV EHWZHHQ FKURQLF DQG ¿UVWHSLVRGH
SDWLHQWV ,QFUHDVHG FHUHEURVSLQDO ÀXLG &6) DQG JUD\PDWWHU YROXPH UH
GXFWLRQVZHUHIRXQGLQWHPSRUDOUHJLRQVDQGWKHJUD\PDWWHUFKDQJHVZHUH
PRUHSURPLQHQWLQSDWLHQWVZLWKDFKURQLFFRXUVH3DWKRORJLFDOHOHFWURSK\VL
RORJLFDO UHFRUGLQJVZHUH UHODWHG WR ODUJHU ODWHUDO YHQWULFXODU YROXPHV DQG
LQFUHDVHGWHPSRUDODQGSDULHWDOFRUWLFDO&6)YROXPHV0XVFOH¿EHUFKDQJHV
DQGDEHUUDQWW\URVLQHWUDQVSRUWNLQHWLFVZHUHUHODWHGWRFHUHEHOODUYROXPHV
FKDQJHV
&RQFOXVLRQV:KLWHPDWWHU FKDQJHVPD\EHGXH WRDQHXURGHYHORSPHQWDO
GLVWXUEDQFHZKHUHDVJUD\PDWWHUPD\EHVXEMHFWWRDGHJHQHUDWLYHSURFHVV
3HULSKHUDO ELRORJLFDO FKDQJHV LQ DVVRFLDWLRQ ZLWK EUDLQ YROXPH FKDQJHV
HVSHFLDOO\ LQZKLWHPDWWHUPD\ VHUYH DV DQ HQGRSKHQRW\SH IRU ELRORJLFDO
VWXGLHVRIVFKL]RSKUHQLD
5HIHUHQFHV
)O\FNW/.6FKL]RSKUHQLDDVDV\VWHPLFGLVRUGHU6WXGLHVRISHULSKHUDODQG
FHQWUDOELRORJLFDOIXQFWLRQV.DUROLQVND,QVWLWXWHWDW'DQGHU\G¶V+RV
SLWDO'LYLVLRQRI3V\FKLDWU\6WRFNKROP,6%1
32
&RUUHODWLRQVRI6XEMHFWLYH:HOO%HLQJZLWK&RPSOLDQFH
.DURZ$QQH
&HQWUHIRU3V\FKRVRFLDO0HGLFLQH'HSDUWPHQWRI3V\FKLDWU\DQG
3V\FKRWKHUDS\8QLYHUVLW\RI+DPEXUJ*HUPDQ\
&]HNDOOD-|UJ6LHPHU$OH[DQGHU1DEHU'LHWHU
2EMHFWLYHV6XEMHFWLYHZHOOEHLQJLVFRQVLGHUHGDQLPSRUWDQWDVSHFWLQWKH
WUHDWPHQW RI SDWLHQWV ZLWK VFKL]RSKUHQLD ,Q D ODUJH FRPSDUDWLYH PXOWL
FHQWHUHGREVHUYDWLRQDOVWXG\6FKL]RSKUHQLD2XWSDWLHQWV+HDOWK2XWFRPHV
62+2VXEMHFWLYHZHOOEHLQJZDVDVVHVVHGGXULQJWKH¿UVWPRQWKVDIWHU
LQLWLDWLRQ RI D QHZ DQWLSV\FKRWLF WUHDWPHQW E\ WKH 6XEMHFWLYH:HOOEHLQJ
XQGHU1HXUROHSWLFVVFDOH6:1:HGHVFULEHKHUHWKHFRUUHODWLRQEHWZHHQ
WUHDWPHQWFRPSOLDQFH6:1DQGRWKHUSDUDPHWHUV LQVFKL]RSKUHQLFRXWSD
WLHQWVLQDQDWXUDOLVWLFVHWWLQJ
0HWKRGV62+2LVD\HDU(XURSHDQSURVSHFWLYHRXWSDWLHQWREVHUYDWLRQ
DOVWXG\7KH6:1VFDOHVKRUWIRUPZDVDSSOLHGLQ*HUPDQ\WRHYDOXDWH
VXEMHFWLYHZHOOEHLQJ1DEHUHWDO3DWLHQWVDQGSK\VLFLDQVDVVHVVHG
FRPSOLDQFHDVÄDOPRVWDOZD\VFRPSOLDQW³ÄSDUWO\FRPSOLDQW³DQGÄDOPRVW
QHYHUFRPSOLDQW³ZLWKDQWLSV\FKRWLFWKHUDS\7KHFRUUHODWLRQRIFKDQJHVLQ
FRPSOLDQFHZLWKFKDQJHVLQ6:1VXEVFRUHVDQGRWKHUFOLQLFDOSDUDPHWHUV
DVVHVVHGZDVDQDO\]HGE\DIDFWRUDQDO\VLV7KHLQÀXHQFHVRIWKHLGHQWL¿HG
IDFWRUVDQGYDULDEOHVRQSDWLHQWFRPSOLDQFHZHUHIXUWKHUDQDO\]HGE\ORJLV
WLFUHJUHVVLRQPRGHOV
5HVXOWV$WEDVHOLQHSDWLHQWVZHUHHOLJLEOHIRUDQDO\VLV LQ*HUPDQ\
$WPRQWKVZHUHVWLOOGRFXPHQWHG7KHIDFWRUDQDO\VLVUHYHDOVGLI
IHUHQWIDFWRUVZLWKDQLQÀXHQFHRQFRPSOLDQFH6:1LQFOXGLQJWKH6:1
VXEVFDOHV FOLQLFDO V\PSWRPV &*, SRVLWLYH QHJDWLYH GHSUHVVLYH FRJQL
WLYHRYHUDOODQGVLGHHIIHFWV(367'ZHLJKWJDLQVH[XDOG\VIXQFWLRQ
7KHVWURQJHVWFRUUHODWLRQZDVIRXQGIRU6:1UIROORZHGE\FOLQL
039#(/4)#¬$)3/2$%23¬¬0OSTER¬3ESSION¬.O
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
FDOV\PSWRPVUDQGVLGHHIIHFWVU7KHORJLVWLFUHJUHVVLRQ
PRGHOVVKRZHGWKDWWKHRGGVIRUEHLQJFRPSOLDQWDUH&,IRU25
WLPHVKLJKHULIWKH6:1WRWDOVFRUHFKDQJHLQFUHDVHVE\
SRLQWV$SDUWIURP6:1FKDQJHVLQ&*,SRVLWLYHV\PSWRPVZHUHIRXQGWR
KDYHWKHVWURQJHVWLPSDFWRQFRPSOLDQFH25 IROORZHGE\FKDQJHV
LQ(3625 
&RQFOXVLRQV ,Q WKH SUHVHQW QDWXUDOLVWLF VWXG\ FRPSOLDQFH ZLWK DQWLSV\
FKRWLFPHGLFDWLRQLQVFKL]RSKUHQLFRXWSDWLHQWVZDVVWURQJO\FRUUHODWHGZLWK
FKDQJHVLQSDWLHQWVµVXEMHFWLYHZHOOEHLQJ)XUWKHUIDFWRUVZLWKDQLQÀXHQFH
RQ FRPSOLDQFHZHUH FOLQLFDO V\PSWRPV LQ SDUWLFXODU SRVLWLYH V\PSWRPV
DQGVLGHHIIHFWVLQSDUWLFXODU(36
5HIHUHQFHV
1DEHU 'HW DO  ,PSURYHPHQW RI VFKL]RSKUHQLF SDWLHQWVµ VXEMHFWLYH
ZHOOEHLQJXQGHUDW\SLFDODQWLSV\FKRWLFGUXJV6FKL]RSKU5HV
32
+HDG0RWLRQ$QDO\VLV$SSOLFDWLRQRQ3DWLHQWVZLWK
6FKL]RSKUHQLDGXULQJ&RJQLWLYH)XQFWLRQDO05,([DPLQDWLRQ
&KDQJXN/HH
'HSDUWPHQWRI3V\FKLDWU\.DQJQDP6W0DU\µV+RVSLWDO&ROOHJH
RI0HGLFLQH7KH&DWKROLF8QLYHUVLW\RI.RUHD.RUHD
6HXQJ6FKLN<RR&KXO/HH,Q+R3DLN
)XQFWLRQDO05,I05,KDVEHFRPHRQHRILPSRUWDQWWRROVWRDQDO\]HQHXUDO
PHFKDQLVPXQGHUO\LQJSV\FKLDWULFLOOQHVV6LQFHI05,H[DPLQDWLRQUHTXLUHV
DFTXLVLWLRQV RI EUDLQ LPDJHV RI VDPH ORFDWLRQ UHSHDWHGO\ KHDG PRWLRQ
GHWHULRUDWHV WKHGDWDTXDOLW\3DWLHQWVZLWK VFKL]RSKUHQLD DUHNQRZQ WREH
PRUHYXOQHUDEOHWRLQYROXQWDU\KHDGPRWLRQGXULQJWKHYLVXDOWDVNV,QWKLV
UHSRUW FRPSDUDWLYH DQDO\VLV EHWZHHQ KHDOWK\ VXEMHFWV ZLWK SDWLHQWV ZLWK
VFKL]RSKUHQLDWDUJHWLQJWKHKHDGPRWLRQGXULQJWKHI05,ZHUHSHUIRUPHG
:HDVVHVVHG WKHKHDGPRWLRQRI ERWK VXEMHFW JURXSVXQGHUJRLQJZRUNLQJ
PHPRU\WDVNVXVLQJWUDQVODWLRQDODQGURWDWLRQDOUHDOLJQPHQWSDUDPHWHUV
7KHVHUHDOLJQPHQWSDUDPHWHUVZHUHFRQYHUWHGWRKHDGGLVSODFHPHQWLQGLFHV
WR TXDQWLI\ VWHSZLVH VXEMHFW¶V KHDGPRWLRQ LQ VSDFH5HVXOWV LQGLFDWH WKDW
SDWLHQWV ZLWK VFKL]RSKUHQLD SHUIRUPHG WKH WDVN ZLWK KHDG GLVSODFHPHQW
FRPSDUDEOHWRWKHKHDOWK\YROXQWHHUVVXJJHVWLQJWKDWI05,H[DPLQDWLRQRQ
VFKL]RSKUHQLDFDQEHHIIHFWLYHO\FRQGXFWHGZLWKRXWWKHVLJQL¿FDQWGHWHULRUD
WLYHHIIHFWVIURPWKHKHDGPRWLRQ7KHODUJHVWKHDGPRYHPHQWZDVREVHUYHG
DORQJWKHVXSHULRULQIHULRUGLUHFWLRQDQGURWDWLRQDOSLWFKVLPLODUWRQRGGLQJ
PRWLRQIURPERWKJURXSV
32
7KHRU\RI0LQG¶'HILFLWLQ6FKL]RSKUHQLD0XOWL&KDQQHO
1HDU,QIUDUHG6SHFWURVFRS\6WXG\
0DVDNL1DNDPXUD
7RKRNX8QLYHUVLW\*UDGXDWH6FKRRORI0HGLFLQH'HSDUWPHQWRI
3V\FKLDWU\-DSDQ
)XPLDNL,WR1REX\RVKL0LXUD.R)XML\DPD
.D]XQRUL0DWVXPRWR.D]XKLWR2VDNDEH7DNDVKL8HQR
+LURR0DWVXRND
2EMHFWLYHV ,W KDV EHHQ SURSRVHG WKDW WKH DELOLW\ WR LQIHUPHQWDO VWDWH RI
RWKHUVVRFDOOHG7KHRU\RI0LQG7R0LV LPSDLUHGLQVFKL]RSKUHQLDDQG
VRPHV\PSWRPVHJGHOXVLRQDQGUHODWLRQDOV\PSWRPDUHH[SODLQHGE\WKH
GH¿FLWRIWKLVDELOLW\%XWWKHUHLVDIHZQHXURLPDJLQJVWXG\RIWKHGH¿FLWRI
7R0DELOLW\LQVFKL]RSKUHQLD6RZHPHDVXUHGKHPRG\QDPLFFKDQJHVGXU
LQJVWRU\PDNLQJ7R0WDVNE\QHDULQIUDUHGVSHFWURVFRS\1,56
0HWKRGV 1HDU±LQIUDUHG VSHFWURVFRS\ 1,56 LV DQ RSWLFDO PHWKRG ZLWK
KLJK WHPSRUDO UHVROXWLRQ ZKLFK DOORZV QRQLQYDVLYH PHDVXUHPHQWV RI
FRQFHQWUDWLRQFKDQJHVRIR[\JHQDWHGDQGGHR[\JHQDWHGKHPRJORELQLQWKH
EUDLQFRUWH[ZLWKLQWKHGHSWKRIFPIURPVXUIDFHEDVHGRQWKHGLIIHUHQW
DEVRUSWLRQ RU VFDWWHU RI R[\ DQGGHR[\KHPRJORELQ DQG LW HQDEOHV XV WR
H[DPLQH WKH VSDWLRWHPSRUDO SDWWHUQV RI KHPRG\QDPLFV GXULQJ FRJQLWLYH
WDVN7ZRSUREHVZHUHSODFHGRYHUWKHIRUHKHDGFRYHUHGELODWHUDOIURQWDODQG
DQWHULRU WHPSRUDO OREHVDQGKHPRG\QDPLFFKDQJHVZHUHPHDVXUHGGXULQJ
VWRU\PDNLQJ7R0WDVN VHFFRPSDULQJVFKL]RSKUHQLFSDWLHQWVDQG
QRUPDOFRQWUROV6WRU\PDNLQJ7R0WDVNUHTXLUHGDVXEMHFWWRPDNHDVWRU\
DERXWWKHPHQWDOVWDWHRIDQLPDJLQHGFKLOGZKRLVFU\LQJRQDSDUNEHQFK
$QG2[\GHR[\DQGWRWDO+EVPHDVXUHGGXULQJWDVNSHULRGZHUHFDOFX
ODWHGE\VWXGHQWWWHVWIRUDOOFKDQQHOV
5HVXOWV2[\DQG WRWDO+EV R[\+EGHR[\+EZHUH LQFUHDVHGRYHUD
ZLGHUDQJHRIELODWHUDOIURQWDODUHDVZLWKOHIWPHGLDOSUHIURQWDOGRPLQDQFH
LQQRUPDOFRQWUROVZKHUHDVLQVFKL]RSKUHQLFV2[\DQGWRWDO+EVVKRZHG
VWDWLVWLFDOO\ VLJQL¿FDQW GHFUHDVH DW OHIWPHGLDO SUHIURQWDO DUHD&RPSDULQJ
ZLWKLQVFKL]RSKUHQLDDFFRUGLQJWRDQWLSV\FKRWLFGUXJW\SHKHPRG\QDPLFV
RI 6'$ULVSHULGRQH RU SHURVSLURQH JURXS DQG 0$57$ RODQ]DSLQH RU
TXHWLDSLQHJURXSZHUHDSSUR[LPDWHO\VLPLODUZLWKWKDWRIQRUPDOFRQWUROV
EXWWUDGLWLRQDODQWLSV\FKRWLFJURXSH[KDORSHULGROVKRZHGGLIIHUHQWKHPR
G\QDPLFVORZHULQFUHDVHLQOHIWPHGLDOSUHIURQWDODUHD
&RQFOXVLRQV,QQRUPDOFRQWUROVWKHOHIWPHGLDOSUHIURQWDODUHDH[FOXVLYHO\
DFWLYDWHGE\7R0WDVNZDVFUXFLDOIRUYLVXDOL]LQJKRZRQHEUDLQXQGHUVWDQGV
DQRWKHUDVZDVLQGLFDWHGE\DUHFHQW3(7VWXG\&DODUJHHWDO6FKL]
RSKUHQLFVKDVGH¿FLWRIDFWLYDWLRQRIOHIWPHGLDOSUHIURQWDODUHDDVVRFLDWHG
ZLWK7R0DELOLW\DQGLWZDVLQGLFDWHGWKDW6'$RU0$57$PD\LPSURYH
WKLVGH¿FLW%XWPRUHUHVHDUFKLQVHSDUDWLQJ7R0GH¿FLWIURPYHUEDODELOLW\
RUDWWHQWLRQGLVWXUEDQFHVLVQHHGHG
5HIHUHQFHV
&DODUJH& HWDO9LVXDOL]LQJKRZRQHEUDLQXQGHUVWDQGV DQRWKHU$
3(7VWXG\RI7KHRU\RI0LQG$P-3V\FKLDWU\
32
&RJQLWLYH6FUHHQLQJRI,QVWLWXWLRQDOL]HG6FKL]RSKUHQLF(OGHUO\
3DWLHQWV
)UDQFLVFR3DVFRDO-U
)HGHUDO8QLYHUVLW\RI5LR*UDQGHGR1RUWHDQG,QVWLWXWH-XYLQR
%DUUHWR%UD]LO
2EMHFWLYHVWRHYDOXDWHWKHFRJQLWLRQOHYHORILQVWLWXWLRQDOL]HGVFKL]RSKUHQLF
HOGHUO\SDWLHQWVDQGFRPSDUHJURXSVDFFRUGLQJWR\HDUVRIHGXFDWLRQGLVHDVH
GXUDWLRQDQGLQVWLWXWLRQDOL]DWLRQ
0HWKRGVWKH0LQL0HQWDO6WDWH([DPLQDWLRQ006(DQGTXHVWLRQQDLUHV
IRUWKHHYDOXDWLRQRIWKHGLVHDVHGXUDWLRQDQGOHYHORIHGXFDWLRQZHUHFDU
ULHGRXWLQWKHIHPDOHLQVWLWXWLRQDOL]HGHOGHUO\SDWLHQWVZLWKDGLDJQRVLV
RIVFKL]RSKUHQLDDFFRUGLQJ WR'60,9FULWHULD7KHLUPHGLFDWLRQXVHZDV
DVVHVVHGDFFRUGLQJWRVSHFL¿FGUXJFODVVDQGSRVRORJ\'DWDZDVREWDLQHG
IURPWKHSDWLHQWVµUHFRUGVDQGLQWHUYLHZ7KH006(LQWHUYLHZHUVZHUHQµW
DZDUHRIWKHSDWLHQWVµGLDJQRVHVVLQFHDOOSDWLHQWVZHUHLQLWLDOO\HYDOX
DWHG DQG RQO\ WKHQ WKH GLDJQRVWLF SURFHGXUHVZHUH SHUIRUPHG7KHPHDQ
DQGVWDQGDUGGHYLDWLRQZHUHREWDLQHGIRUWKHZKROHJURXSDQGWKHLUOHYHORI
VLJQL¿FDQFHZDVGHWHUPLQHGE\WKHWWHVW
5HVXOWVPHDQ DJH RI VXEMHFWV Q ZDV  \HDUV ROG PLQ 
PD[  DQG WKH PHDQ GLVHDVH GXUDWLRQ ZDV  \HDUV PLQ 
PD[  SDWLHQWV ZHUH LOOLWHUDWH  KDG  \HDUV RI VFKRROLQJ DQG
 KDG  \HDUV RI HGXFDWLRQ 7KH PHDQ 006( VFRUH ZDV 
PLQ  PD[  3DWLHQWV ZLWK PRUH WKDQ  \HDUV RI HGXFDWLRQ Q 
DFKLHYHG DPHDQ006( RI  DJH    \HDUV ROG DQG
GLVHDVH GXUDWLRQ   \HDUV DQG LOOLWHUDWH SDWLHQWV Q  DJH 
GLVHDVHGXUDWLRQ \HDUVDFKLHYHGD006(VFRUH
RI&RPSDULQJ006(VFRUHVRIJURXSVDFFRUGLQJ WR\HDUVRI
IRUPDOHGXFDWLRQDJHDQGGLVHDVHGXUDWLRQWKHRQO\VWDWLVWLFDOO\VLJQL¿FDQW
GLIIHUHQFHZDVREVHUYHGLQWKHQXPEHURI\HDUVRIHGXFDWLRQS
&RQFOXVLRQV HOGHUO\ LQVWLWXWLRQDOL]HG VFKL]RSKUHQLF SDWLHQWV KDG KLJKHU
006(VFRUHV DQG FRJQLWLYHSHUIRUPDQFH WKDQ WKRVH OLYLQJ LQ LQVWLWXWLRQV
LQ WKH 86 DQG 8QLWHG .LQJGRP DV UHSRUWHG E\ WKH OLWHUDWXUH <HDUV RI
IRUPDO HGXFDWLRQ KDYH D SRVLWLYH LQÀXHQFH RQ FRJQLWLYH SHUIRUPDQFH LH
LOOLWHUDWHSHRSOHKDYHDSRRUHUSHUIRUPDQFH WKDQSDWLHQWVZKRKDGORZWR
LQWHUPHGLDWH OHYHORIHGXFDWLRQ'HVSLWH WKH ORQJGXUDWLRQRI WKHGLVRUGHU
006(VFRUHVVKRZPRGHUDWHGHJUHHRILPSDLUPHQW7KHVHGDWDPD\KHOSWR
GHYHORSDGDSWLYHFDUHIRUWKLVSRSXODWLRQ
039#(/4)#¬$)3/2$%23¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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6FKL]RSKUHQLDLQ0DOHVRI&RJQLWLYH3HUIRUPDQFH
'LVFULPLQDWLYHDQG'LDJQRVWLF9DOXHV
)UDQFLVFR3DVFRDO-U
)HGHUDO8QLYHUVLW\RI5LR*UDQGHGR1RUWHDQG,QVWLWXWH-XYLQR
%DUUHWR%UD]LO
2EMHFWLYHV7R HYDOXDWH WKH GLVFULPLQDWLYH DQG GLDJQRVWLF YDOXHV RI QHX
URSV\FKRORJLFDOWHVWVIRULGHQWLI\LQJVFKL]RSKUHQLDSDWLHQWV
0HWKRGV$ FURVVVHFWLRQDO VWXG\ZLWKPDOH VFKL]RSKUHQLD LQVWLWXWLRQ
DOL]HG DQG  KHDOWK\ PDWFKHG YROXQWHHUV ZDV FDUULHG RXW 3DUWLFLSDQWV
XQGHUZHQWWKHIROORZLQJQHXURSV\FKRORJLFDOWHVWV:LVFRQVLQ&DUG6RUWLQJ
WHVW9HUEDO)OXHQF\6WURRSWHVW0LQL0HQWDO6WDWH([DPLQDWLRQDQG6SD
WLDO5HFRJQLWLRQ6SDQ6HQVLWLYLW\ DQG VSHFL¿FLW\ HVWLPDWHG WKHGLDJQRVWLF
YDOXHRIWHVWVZLWKFXWRIIVREWDLQHGXVLQJ5HFHLYHU2SHUDWLQJ&KDUDFWHULVWLF
FXUYHV7KHODWHQWFODVVPRGHOGLDJQRVLVRIVFKL]RSKUHQLDZDVXVHGDVJROG
VWDQGDUG
5HVXOWV$OWKRXJKSDWLHQWVSUHVHQWHGORZHUVFRUHVLQPRVWWHVWVWKHKLJKHVW
FDQRQLFDO IXQFWLRQIRU WKHGLVFULPLQDQWDQDO\VLVZDV9HUEDO)OXHQF\
07KHEHVWVHQVLWLYLW\DQGVSHFL¿FLW\ZHUHREWDLQHGLQWKH9HUEDO)OXHQF\
0WHVWDQGUHVSHFWLYHO\
&RQFOXVLRQV 7KH QHXURSV\FKRORJLFDO WHVWV VKRZHG PRGHUDWH GLDJQRVWLF
YDOXH IRU WKH LGHQWL¿FDWLRQ RI VFKL]RSKUHQLD SDWLHQWV7KHVH ¿QGLQJV VXJ
JHVWHGWKDWWKHFRJQLWLYHLPSDLUPHQWPHDVXUHGE\WKHVHWHVWVPLJKWQRWEH
KRPRJHQHRXVDPRQJVFKL]RSKUHQLDSDWLHQWV
32
7KHUDSHXWLF'UXJ0RQLWRULQJRI4XHWLDSLQHLQ6FKL]RSKUHQLF
$GROHVFHQWV
6LONH5RWKHQK|IHU
8QLYHUVLW\RI:XHU]EXUJ'HSDUWPHQWRI&KLOGDQG$GROHVFHQW
3V\FKLDWU\DQG3V\FKRWKHUDS\*HUPDQ\
&ODXGLD0HKOHU:H[8OULNH6FKXSS&KULVWRSK:HZHW]HU
0DQIUHG*HUODFK
2EMHFWLYHV7KHUDSHXWLFGUXJPRQLWRULQJ 7'0 LVEDVHGRQ WKHDVVXPS
WLRQWKDWWKHUHLVDGH¿QDEOHUHODWLRQVKLSEHWZHHQSODVPDFRQFHQWUDWLRQDQG
FOLQLFDO HIIHFWV WKHUDSHXWLF HIIHFW DGYHUVH HIIHFWV DQG WR[LFLW\ 7'0 LV
LQGLFDWHGLQFKLOGUHQDQGDGROHVFHQWVEHFDXVHWKHODFNRISKDUPDFRORJLFDO
GDWDWRDYRLGSUREOHPVQRQUHVSRQVHVLGHHIIHFWVGXULQJPHGLFDWLRQ%DX
PDQQHWDO7KHDLPRIWKLVRQJRLQJVWXG\ZDVWRGHWHUPLQHWURXJK
VWHDG\VWDWHVHUXPFRQFHQWUDWLRQVRITXHWLDSLQHLQFKLOGUHQDQGDGROHVFHQWV
ZLWK VFKL]RSKUHQLD RU VFKL]RDIIHFWLYH SV\FKRVLV LQ D QDWXUDOLVWLF FOLQLFDO
VHWWLQJ4XHWLDSLQH LVDQHZO\GHYHORSHGDW\SLFDOQHXUROHSWLFGUXJ WKDW LV
HIIHFWLYHLQWUHDWLQJSURGXFWLYHV\PSWRPVRISV\FKRVLVZKLOHLWDSSHDUVQRW
WRSURYRNHPRUHH[WUDS\UDPLGDOVLGHHIIHFWVWKDQSODFHERWUHDWPHQW
0HWKRGV 3DWLHQWV ZHUH GLDJQRVHG DFFRUGLQJ ,&' DQG '60,9 7KH
SV\FKRSDWKRORJ\ZDVDVVHVVHGXVLQJ WKH&OLQLFDO*OREDO LPSUHVVLRQ6FDOH
DQGWKH%ULHI3V\FKLDWULF5DWLQJ6FDOH$GYHUVHHIIHFWVZHUHUHFRUGHGXVLQJ
WKH'RVH5HFRUGDQG7UHDWPHQW(PHUJHQW6\PSWRP6FDOH'27(66HUXP
TXHWLDSLQH FRQFHQWUDWLRQV ZHUH GHWHUPLQHG E\ KLJKSHUIRUPDQFH OLTXLG
FKURPDWRJUDSK\+3/&ZLWKFROXPQVZLWFKLQJZKLFKDOORZVGLUHFWLQMHF
WLRQRISODVPDLQWRWKH+3/&V\VWHPDQGD89GHWHFWRU
5HVXOWV1LQH3DWLHQWVUHFHLYHGRUDOGRVHVRITXHWLDSLQHWZLFHGDLO\ZLWKD
PD[LPXPRIPJELG4XHWLDSLQH WKHUDS\ LPSURYHGSV\FKRWLFV\PS
WRPV LQPRVW RI WKH SDWLHQWV1R H[WUDS\UDPLGDO VLGH HIIHFWV DQG VHULRXV
HYHQWV ZHUH UHSRUWHG DOWKRXJKPRUH WKDQ  RI WKH VHUXP TXHWLDSLQH
FRQFHQWUDWLRQV PD[LPXPQJPOZHUHKLJKHU WKDQ WKH UHFRPPHQGHG
FRQFHQWUDWLRQUDQJHVIRU7'0LQDGXOWVQJPO
&RQFOXVLRQV 2XU SUHOLPLQDU\ GDWD VXJJHVW D GLIIHUHQW SKDUPDFRNLQHWLF
EHKDYLRXURITXHWLDSLQHLQFKLOGUHQDQGDGROHVFHQWV
5HIHUHQFHV
%DXPDQQ 3 +LHPNH & 8OULFK 6 (FNHUPDQQ * *DHUWQHU , *HUODFK0
.XVV+-/DX[*0OOHU2HUOLQJKDXVHQ%5DR0/5LHGHUHU3=HUQLJ
*7KH$*137'0H[SHUWJURXSFRQVHQVXVJXLGHOLQHV7KHUDSHXWLF
GUXJPRQLWRULQJLQ3V\FKLDWU\3KDUPDFRSV\FKLDWU\
32
$QDO\VLVRIWKH1HXUROLJLQ1/*1JHQH5HYHDOVD1RYHO
9DULDQWLQ3DUDQRLG6FKL]RSKUHQLD
3KLOLSS6DQG
'HSWRI3V\FKLDWU\8QLYHUVLW\RI5HJHQVEXUJ*HUPDQ\
&DUROD.LFN%HUWKROG/DQJJXWK*|UDQ+DMDN3HWHU(LFKKDPPHU
2EMHFWLYHV 0XOWLSOH OLQHV RI HYLGHQFH VXJJHVW WKDW LPSDLUPHQWV UHODWHG
WR VFKL]RSKUHQLD PD\ UHÀHFW KHULWDEOH FKDQJHV LQ V\QDSWLF FRQQHFWLYLW\
1HXUROLJLQ1/*1SOD\VDNH\UROH LQ WKHIRUPDWLRQRIJOXWDPDWHUJLF
V\QDSVHVDQGZDVUHFHQWO\VKRZQWREHPXWDWHGLQIDPLOLDODXWLVP3KHQR
W\SLFVLPLODULWLHVEHWZHHQVFKL]RSKUHQLDDQGDXWLVPVXJJHVWWKDWPXWDWLRQV
PD\HTXDOO\RFFXULQVFKL]RSKUHQLD
0HWKRGV:HLQYHVWLJDWHGDSXEOLVKHG1/*1JHQHYDULDQWUVLQ
VXEMHFWVZLWKSDUDQRLGVFKL]RSKUHQLDPDOHDQGIHPDOHDQGLQ
KHDOWK\FRQWUROVPDOHDQGIHPDOHE\D3&5EDVHG5)/3DVVD\
7ZRUHJLRQVRILQWHUHVWLQFOXGLQJWKHVLWHRIPXWDWLRQVUHSRUWHGLQDXWLVP
ZHUHVHTXHQFHGLQSDWLHQWV;FKURPRVRPHV
5HVXOWV	&RQFOXVLRQV:H QRWHG FRPSDUDEOH DOOHOH IUHTXHQFLHV IRU WKH
SXEOLVKHG1/*1YDULDQWLQFDVHVDQGFRQWUROV1RQHRIWKHVXEMHFWVZLWK
SDUDQRLGVFKL]RSKUHQLDFDUULHGHLWKHURIWZRSUHYLRXVO\UHSRUWHG6723PX
WDWLRQVLQH[RQ0XWDWLRQVFUHHQLQJKRZHYHUXQFRYHUHGDQRYHO1/*1
PXWDWLRQWKDWKDGHVFDSHGSUHYLRXVVFUHHQLQJHIIRUWVLQRWKHUQHXURSV\FKL
DWULF GLVRUGHUV 2XU ¿QGLQJ OHQGV VXSSRUW WR D SXWDWLYH UROH IRU 1/*1
YDULDWLRQLQDZLGHUDQJHRIQHXURGHYHORSPHQWDOGLVRUGHUV
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1HXURQDO&RUUHODWHVRI(PRWLRQ'LVFULPLQDWLRQLQ-XYHQLOH
6FKL]RSKUHQLD3DWLHQWV
1LQD<6HLIHUWK
5:7+$DFKHQ8QLYHUVLW\*HUPDQ\
7LOR.LUFKHU8WH+DEHO9RONHU%DFNHV7KLOR.HOOHUPDQQ
.DWKDULQD3DXO\.DWKULQ.RFK0DUWLQD.OHLQ
1DGLP-RQ6KDK.DUO=LOOHV*XGUXQ2WW
%HDWH+HUSHUW]'DKOPDQQ)UDQN6FKQHLGHU
2EMHFWLYHV7KHUHOLDEOHGLVFULPLQDWLRQRIHPRWLRQVLVDQLPSRUWDQWKXPDQ
FDSDELOLW\LQWKHFRQWH[WRIVRFLDO LQWHUDFWLRQ6FKL]RSKUHQLDSDWLHQWVKDYH
GH¿FLWVLQLQWHUSUHWLQJIDFLDOH[SUHVVLRQV)XQFWLRQDOLPDJLQJVWXGLHVFRXOG
LGHQWLI\ WKH FHUHEUDO DFWLYDWLRQ SDWWHUQV RI LPSDLUHG DIIHFW SURFHVVLQJ LQ
VFKL]RSKUHQLDSDWLHQWV:HWKHUWKHVHHPRWLRQDOGH¿FLWVDUHSUHVHQWLQHDUO\
RQVHWVFKL]RSKUHQLDDVZHOOLV\HWXQFOHDU
0HWKRGV (DUO\RQVHW VFKL]RSKUHQLD SDWLHQWV DV ZHOO DV PDWFKHG KHDOWK\
FRQWURO VXEMHFWVZHUH H[DPLQHG$ IDFLDO HPRWLRQ GLVFULPLQDWLRQ WHVWZDV
XVHGZKLOH I05, GDWDZHUH DFTXLUHG LQ DQ HYHQWUHODWHG GHVLJQ 6XEMHFWV
YLHZHG VWDQGDUGL]HG IDFHV GLVSOD\LQJ KDSSLQHVV VDGQHVV DQJHU DQG IHDU
DVZHOO DV QHXWUDO IDFHV7KH WDVNZDV WR GHFLGHZKLFK RI WZR HPRWLRQDO
FDWHJRULHVPDWFKHG WKHGLVSOD\HGIDFLDOH[SUHVVLRQ$QDJHGLVFULPLQDWLRQ
WDVNVHUYHGDVDFRJQLWLYHFRQWUROWDVN
5HVXOWV 6WLPXODWLRQ ZLWK HPRWLRQDO IDFHV FRPSDUHG WR QHXWUDO IDFHV OHG
WRDQ LQFUHDVHGDFWLYDWLRQRIRFFLSLWRWHPSRUDODUHDVELODWHUDOO\DVZHOODV
OHIW VXEFRUWLFDO UHJLRQV LQ DGROHVFHQWV&RQWUDVWLQJ MXYHQLOH VFKL]RSKUHQLD
SDWLHQWVZLWKPDWFKHGKHDOWK\FRQWUROV WKLVGLIIHUHQFHEHWZHHQHPRWLRQDO
DQGQHXWUDOIDFHVZDVOHVVSURQRXQFHGLQSDWLHQWV
&RQFOXVLRQV7KHUHVXOWVSRLQWWRDG\VIXQFWLRQLQFHUHEUDOFLUFXLWVUHOHYDQW
IRU HPRWLRQ SURFHVVLQJ LQ MXYHQLOH VFKL]RSKUHQLD SDWLHQWV 2WKHU VWXGLHV
KDYHVKRZQVLPLODUUHVXOWVIRUWKHFRPSDULVRQRIDGXOWSDWLHQWVDQGKHDOWK\
FRQWURO VXEMHFWV7DNHQ WRJHWKHU WKHVHGDWD DUH FRQVLVWHQWZLWK WKHQRWLRQ
RI VFKL]RSKUHQLD DV D GHYHORSPHQWDO GLVRUGHU ZLWK FHUHEUDO G\VIXQFWLRQV
DOUHDG\SUHVHQWLQDGROHVFHQFH
$FNQRZOHGJHPHQWV 7KLV ZRUN ZDV VXSSRUWHG E\ WKH *HUPDQ 5HVHDUFK
)RXQGDWLRQ ')* 6FKQ  DQG  DQG WKH )HGHUDO0LQLVWU\ RI
(GXFDWLRQDQG5HVHDUFK%0%)%UDLQ,PDJLQJ&HQWHU:HVW*2
039#(/4)#¬$)3/2$%23¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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3DWKRORJLFDO((*LQ)LUVW(SLVRGH6FKL]RSKUHQLDDQGLQ
3DWLHQWVDW5LVNIRU6FKL]RSKUHQLD
9LWDOL\6HPHQLQ
3V\FKLDWULF2XWSDWLHQW'HSDUWPHQW8QLYHUVLW\+RVSLWDO%DVHO
6ZLW]HUODQG
8WH*VFKZDQGWQHU-DTXHOLQH$VWRQ0DUORQ3ÀXHJHU
$QLWD5LHFKHU5|VVOHU3HWHU)XKU
2EMHFWLYHV7KH%DVHO)(36<VWXG\)(36< )UKHUNHQQXQJYRQ3V\FKR
VHQLQYHVWLJDWHVWKHHDUO\GHYHORSPHQWRISV\FKRVLV,WFRPSULVHVDPXOWL
OHYHODSSURDFKLQYROYLQJSV\FKRSDWKRORJ\QHXURSV\FKRORJ\QHXURSK\VLRO
RJ\DQGQHXURUDGLRORJ\:LWKLQWKHEURDGHUVWXG\WKLVFXUUHQWLQYHVWLJDWLRQ
DLPVWRGHWHUPLQHZKHWKHU((*DEQRUPDOLWLHVFDQEHIRXQGLQLQGLYLGXDOVDW
ULVNDQGSDWLHQWVZLWKD¿UVWHSLVRGHRISV\FKRVLV
0HWKRGV2XUUHVHDUFKJURXSLQYHVWLJDWHGWKH((*SDWWHUQVRIDWRWDORI
LQGLYLGXDOVZHUHFODVVL¿HGDVLQGLYLGXDOVDWULVNZHUHSDWLHQWVZLWK
D¿UVW HSLVRGH RI SV\FKRVLV$VVHVVPHQW RI WKH DWULVN VWDWH IRU SV\FKRVLV
ZDVFRQGXFWHGZLWK WKHÄ%DVHO)(36<6FUHHQLQJ,QVWUXPHQW³DVSHFLDOO\
GHYHORSHG VFUHHQLQJ LQVWUXPHQW ,W LV GHVLJQHG WR DVVHVV SURGURPDO VLJQV
LQGLFDWRUV RI WKH EHJLQQLQJ GLVHDVH DQG RWKHU NQRZQ ULVN IDFWRUV7UDQVL
WLRQ WRSV\FKRVLVZDVDVVHVVHGXVLQJ WKHÄ%ULHI3V\FKLDWULF5DWLQJ6FDOH³
%356((*UHFRUGLQJZDVGRQHZLWKFKDQQHOVXVLQJWKHV\VWHP
7KH QHXURORJLVW EOLQGHG WR WKH VXEMHFWµV GLDJQRVLV YLVXDOO\ DQDO\VHG WKH
((*IRUWKHSUHVHQFHRISDWKRORJLFDOSDUR[\VPDOSDWWHUQV
5HVXOWV 3DWLHQWV ZLWK D ¿UVW HSLVRGH RI SV\FKRVLV VKRZHG WKH KLJKHVW
SHUFHQWDJH RI SDWKRORJLFDO SDUR[\VPDO SDWWHUQV  DV FRPSDUHG WR
LQGLYLGXDOVDW ULVNZKHUHE\QHLWKHUJURXSGLVSOD\HGDQ\VLJQVRI
FOLQLFDO HSLOHSV\ 3DWKRORJLFDO SDUR[\VPDO SDWWHUQVZHUH VSUHDG UHODWLYHO\
KRPRJHQHRXVO\ RYHU WKH JURXSV ZLWK WKH H[FHSWLRQ RI VKDUS ZDYHV DQG
SDWKRORJLFDOUK\WKPLFDOSDWWHUQVZKLFKZHUHIRXQGVROHO\DPRQJWKHDWULVN
SDWLHQWVDQGSDWLHQWVZLWK¿UVWHSLVRGHRISV\FKRVLV
&RQFOXVLRQV3DWLHQWVZLWK¿UVWHSLVRGHRISV\FKRVLVDQGWRDOHVVHUGHJUHH
LQGLYLGXDOVDWULVNVKRZHGDPDUNHGSHUFHQWDJHRISDWKRORJLFDOSDUR[\VPDO
SDWWHUQV7KHUHVXOWVRI WKLVVWXG\PD\LQGLFDWH WKDW IRU LQGLYLGXDOVDW ULVN
DQGHVSHFLDOO\SDWLHQWVZLWKD¿UVWHSLVRGHRISV\FKRVLVWKHUHLVDWHQGHQF\
WRZDUGVDQLQFUHDVHLQSDWKRORJLFDOSDUR[\VPDOSDWWHUQVSDUWLFXODUO\VKDUS
ZDYHVDQGSDWKRORJLFDOUK\WKPLFDOSDWWHUQV7KLVFRXOGSURYHWREHDSUHGLF
WLYHIDFWRURIWKHSUREDELOLW\RIDEHJLQQLQJSV\FKRVLV
5HIHUHQFHV
6SRQKHLP65&OHPHQW]%$,DFRQR:*%HLVHU05HVWLQJ((*LQ
¿UVWHSLVRGHDQGFKURQLFVFKL]RSKUHQLD3V\FKRSK\VLRORJ\
*VFKZDQGWQHU8$VWRQ-%RUJZDUGW6'UHZH0)HLQHQGHJHQ&K/DFKHU
'/DQ]DURQH$6WLHJOLW]5'5LHFKHU5|VVOHU$1HXURSV\FKRORJL
FDODQGQHXURSK\VLRORJLFDO¿QGLQJVLQLQGLYLGXDOVVXVSHFWHGWREHDWULVNIRU
VFKL]RSKUHQLD 3UHOLPLQDU\ UHVXOWV IURP WKH%DVHO HDUO\ GHWHFWLRQ RI SV\
FKRVLVVWXG\±)UKHUNHQQXQJYRQ3V\FKRVHQ)(36<$FWD3V\FKLDWULFD
6FDQGLQDYLFD
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$QDO\VLVRI'+($DQG'+($6%ORRG/HYHOVLQ)LUVW(SLVRGH
6FKL]RSKUHQLD
5DHO'6WURXV
%HHU<DDNRY0HQWDO+HDOWK&HQWHU6DFNOHU)DFXOW\RI0HGLFLQH
7HO$YLY8QLYHUVLW\,VUDHO
5DFKHO0DD\DQ/HRQLG*RUHGHWVN\(OOD=HOGLFK0RVKH.RWOHU
$EUDKDP:HL]PDQ
2EMHFWLYHV 'HK\GURHSLDQGURVWHURQH '+($ LV DPDMRU FLUFXODWLQJ QHX
URVWHURLGLQKXPDQVDQGLWVDGPLQLVWUDWLRQKDVGHPRQVWUDWHGHI¿FDF\LQWKH
LPSURYHPHQWRIPRRGZLWKLQFUHDVHGHQHUJ\LQWHUHVWFRQ¿GHQFHDQGDFWLY
LW\OHYHOV6LQFHUHFHQW¿QGLQJVKDYHVXJJHVWHGWKHUROHRIQHXURVWHURLGVLQ
JHQHUDODQG'+($LQSDUWLFXODULQWKHV\PSWRPDWRORJ\DQGSKDUPDFRWKHU
DS\RIVFKL]RSKUHQLDSDWLHQWVZLWKFKURQLF LOOQHVVZH LQYHVWLJDWHG'+($
DQG'+($6EORRGOHYHOVLQLQGLYLGXDOVLQWKHLU¿UVWHSLVRGHRISV\FKRVLV
LQRUGHUWRH[FOXGHHIIHFWVRIDJHFKURQLFLOOQHVVORQJWHUPWUHDWPHQWDQG
LQVWLWXWLRQDOL]DWLRQ
0HWKRGV%ORRGOHYHOVIRU'+($'+($6DQGFRUWLVROZHUHREWDLQHGIRU
¿UVWHSLVRGHVFKL]RSKUHQLDVXEMHFWVDQGQRUPDODJHDQGVH[PDWFKHG
FRQWUROVDQGFRUUHODWHGZLWKDUDQJHRIFOLQLFDODQGVLGHHIIHFWUDWLQJVFDOHV
5HVXOWV %DVHOLQH '+($ DQG '+($6 OHYHOV ZHUH VLJQL¿FDQWO\ KLJKHU
LQ VFKL]RSKUHQLD SDWLHQWV S DQG S UHVSHFWLYHO\ 1R JHQGHU
GLIIHUHQFHVZHUHQRWHGLQ'+($OHYHOVKRZHYHU'+($6OHYHOVZHUHVLJ
QL¿FDQWO\KLJKHULQPDOHSDWLHQWV'+($6OHYHOVLQYHUVHO\FRUUHODWHGZLWK
VHYHULW\RILOOQHVVSDQGDJJUHVVLYHEHKDYLRUS3DWLHQWVZLWK
KLJKHU'+($6OHYHOVWHQGHGWRKDYHVKRUWHUKRVSLWDOL]DWLRQV
&RQFOXVLRQV 5HVXOWV VXJJHVW WKDW LQGLYLGXDOV LQ WKHLU ¿UVWHSLVRGH RI
VFKL]RSKUHQLD SV\FKRVLVPD\ GHYHORS D QHXURVWHURLG UHVSRQVH WR WKH ¿UVW
RQVHW RI SV\FKRVLVZKLFKPD\ EH DVVRFLDWHGZLWK D UHGXFWLRQ LQ YDULRXV
DGYHUVHFOLQLFDOIHDWXUHVLQFOXGLQJDJJUHVVLRQ6XFKDSRWHQWLDOFRPSHQVD
WRU\PHFKDQLVPPD\EHFRPHGHVHQVLWL]HGZLWKWKHRQVHWRIFKURQLFLOOQHVV
:KLOHSUHOLPLQDU\WKHVHUHVXOWVIXUWKHULPSO\WKHUROHRIWKHVHQHXURVWHURLGV
LQWKHSDWKRSK\VLRORJ\DQGPDQDJHPHQWRIVFKL]RSKUHQLD
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6H[+RUPRQH1HJDWLYH6\PSWRPDQG&RJQLWLRQLQ)HPDOH
6FKL]RSKUHQLD
6RRN+DHQJ-RH
.RUHD8QLYHUVLW\*XUR+RVSLWDO.RUHD
<RXQJ+RRQ.R
2EMHFWLYHV7KHDLPRI WKLVVWXG\ZDV WRHYDOXDWH WKHUHODWLRQVKLSDPRQJ
SODVPDOHYHOVRIUHSURGXFWLYHKRUPRQHVDQGWKHVHYHULW\RIQHJDWLYHV\PS
WRPVDQGFRJQLWLYHIXQFWLRQVLQIHPDOHSDWLHQWVZLWKFKURQLFVFKL]RSKUHQLD
0HWKRGV 7ZHQW\RQH IHPDOH VFKL]RSKUHQLD PHDQ DJH  >6' @
\HDUVZKRVHSV\FKLDWULF V\PSWRPVZHUH VWDEOH IRUDW OHDVWZHHNVSULRU
WRH[DPLQDWLRQSDUWLFLSDWHGLQWKLVVWXG\7KHGXUDWLRQRILOOQHVVPHDQZDV
>6'@PRQWKV$OORIWKHPZHUHRQDQWLSV\FKRWLFPHGLFDWLRQDW
WKH WLPHRI H[DPLQDWLRQZLWK GDLO\ GRVDJH UDQJLQJ IURP WR PJ
FKORUSURPD]LQHHTXLYDOHQWVPHDQ >6'@)RUWKHDVVHVVPHQW
RIQHJDWLYHV\PSWRPV WKHVFDOHIRU WKHDVVHVVPHQWRIQHJDWLYHV\PSWRPV
6$16 ZDV XVHG 7KH DXWKRUV GLYLGHG WKH SDWLHQWV LQWR WZR VXEJURXSV
SDWLHQWVZLWKPRGHUDWHWRVHYHUHQHJDWLYHV\PSWRPV6$16VFRUHVRYHU
DQG WKRVHZLWKPLOGQHJDWLYHV\PSWRPV6$16VFRUHVEHORZ3ODVPD
OHYHORIHVWUDGLRODQGSURJHVWHURQHZHUHPHDVXUHGE\UDGLRLPPXQRDVVD\LQ
IROOLFXODUSKDVHRIDPHQVWUXDOF\FOH)RUWKHFRJQLWLYHIXQFWLRQDVVHVVPHQW
9HUEDO0HPRU\7HVW9LVXDO0HPRU\7HVW9HUEDO)OXHQF\7HVW7UDLO0DN
LQJ7HVWDQG'LJLW6\PERO7HVWZHUHXVHG7KH.RUHDQ9HUVLRQRI&DOJDU\
'HSUHVVLRQ 6FDOH IRU 6FKL]RSKUHQLD DQG 'UXJ ,QGXFHG ([WUD3\UDPLGDO
6\PSWRPV6FDOHZHUHDOVRXVHGIRUH[FOXVLRQRIELDVFDXVHGE\GHSUHVVLRQ
RUGUXJLQGXFHGPRYHPHQWGLVRUGHUV
5HVXOWV 6LJQL¿FDQW FRUUHODWLRQV EHWZHHQ 6$16 WRWDO VFRUHV DQG SODVPD
OHYHOV RI HVWUDGLRO DQG SURJHVWHURQHZHUH IRXQG+RZHYHU WKHUHZHUH QR
VLJQL¿FDQWFRUUHODWLRQVEHWZHHQWKHVFRUHVRQFRJQLWLYHIXQFWLRQWHVWDQGWKH
SODVPDOHYHOVRIWKHKRUPRQHV(VWUDGLROKDGVLJQL¿FDQWUHODWLRQWRDIIHFWLYH
ÀDWWHQLQJRUEOXQWLQJDORJLDDQGDWWHQWLRQ3URJHVWHURQHZDVVLJQL¿FDQWO\
UHODWHGWRDIIHFWLYHÀDWWHQLQJRUEOXQWLQJDORJLDDQGDQKHGRQLDDVVRFLDWLRQ
3ODVPDOHYHORISURJHVWHURQHDQGHVWURJHQLQSDWLHQWVZLWKPRGHUDWHWRVH
YHUHQHJDWLYHV\PSWRPVZHUHVLJQL¿FDQWO\ORZHUWKDQWKRVHLQSDWLHQWVZLWK
PLOGQHJDWLYHV\PSWRPV
&RQFOXVLRQV7KHVH UHVXOWV VXJJHVW WKDW WKH ORZHU OHYHOV RI HVWURJHQ DQG
SURJHVWHURQH GXULQJ IROOLFXODU SKDVH RI WKHPHQVWUXDO F\FOHZRXOG EH DV
VRFLDWHGZLWKPRUHVHYHUHQHJDWLYHV\PSWRPDWRORJ\EXWQRWZLWKFRJQLWLYH
IXQFWLRQLQZRPHQZLWKFKURQLFVFKL]RSKUHQLD
32
5HODWLRQRI+75$*HQH3RO\PRUSKLVPWR3URJQRVLVRI
6FKL]RSKUHQLD
7DW\DQD/H]KHLNR
0HQWDO+HDOWK5HVHDUFK&HQWHU5XVVLD
2OJD/DYUXVKLQD,ULQD.R]ORYD9DVLO\.DOHGD
2EMHFWLYHV6FKL]RSKUHQLDZLWKHDUO\DJHDWRQVHWOHVVWKDQ\HDUVLVD
UDUHDQGVHYHUHIRUPRIWKHGLVRUGHU,WVFOLQLFDOVWDWXVUHPDLQVXQVSHFL¿HG
HJDFFRUGLQJWR,&'FKLOGUHQKDYHDGLDJQRVLV)±RWKHUIRUPVRI
VFKL]RSKUHQLD7KH GLDJQRVWLF FULWHULD XVHG DUH WKH VDPH IRU FKLOGUHQ DQG
DGXOWV WKDW KDPSHUV GLDJQRVWLFV DQG D KLJK UDWH RI IDOVHSRVLWLYHVZDV UH
SRUWHG6WD\HUHWDO$OVRIDFWRUVSUHGLFWLQJWKHFRXUVHDQGRXWFRPHRI
VFKL]RSKUHQLDZLWKHDUO\DJHDWRQVHWDUHXQGHUVWXGLHGVRIDU,QWKHSUHVHQW
039#(/4)#¬$)3/2$%23¬¬0OSTER¬3ESSION¬.O
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
VWXG\ZHDWWHPSWHGWRVHHNZKHWKHUPROHFXODUJHQHWLFSRO\PRUSKLVPPLJKW
EH LPSOLFDWHG IRU WKH GLVHDVH GLDJQRVWLFV DQG SURJQRVLV$ GHVLJQ RI WKH
VWXG\ZDVWRFRPSDUHJHQRW\SHGLVWULEXWLRQLQWKHJURXSRIFKLOGUHQGLDJ
QRVHGZLWK VFKL]RSKUHQLD WR WKDW LQ DGXOW SDWLHQWVZLWK HDUO\DJHDWRQVHW
VFKL]RSKUHQLDZKRKDYHDYHUL¿HGGLDJQRVLVRIWKHGLVRUGHUZLWKFKURQLF
FRXUVHDQGSRRURXWFRPH:HVWXGLHGWKH7&SRO\PRUSKLVPRIVHURWRQLQ
UHFHSWRU W\SHD +75$JHQHZKLFKSUHYLRXVO\KDVEHHQ UHSRUWHG IRU
DVVRFLDWLRQZLWKVFKL]RSKUHQLDZLWKWKH$$&&DVDULVNJHQRW\SH,W
KDVEHHQK\SRWKHVL]HGWKDWLQFDVHWKH$$JHQRW\SHKDVUHODWLRQWRVFKL]R
SKUHQLDZLWKSRRURXWFRPHLWVIUHTXHQF\ZLOOEHKLJKHULQWKHDGXOWJURXS
0HWKRGV*HQRW\SLQJKDVEHHQFRQGXFWHGLQDVDPSOHLQFOXGHGFKLOGUHQ
ZLWK,&'GLDJQRVLVRIVFKL]RSKUHQLDPHDQDJH\HDUVDJHDW
RQVHW\HDUVDQGDGXOWSDWLHQWVPHDQDJH\HDUVDJH
DWRQVHW\HDUVLOOQHVVGXUDWLRQ!\HDUVZLWKWKH3$166VFRUH
RQWKH1HJDWLYHV\PSWRPVXEVFDOHH[FHHGLQJ$OVRDJURXSFRPSULVLQJ
KHDOWK\VXEMHFWVPHDQDJH\HDUVZDVXVHGDVDFRPSDUDWLYH
RQH
5HVXOWV'LVWULEXWLRQRIWKH+75$JHQRW\SHVZDVDVIROORZVFKLOGUHQ
ZLWKVFKL]RSKUHQLD$$±$$±$$±
DGXOWSDWLHQWVZLWKFKURQLFIRUPRIWKHGLVHDVH$$±$$
±$$± KHDOWK\VXEMHFWV$$±
$$±$$±&RPSDULQJWRFKLOGUHQIUHTXHQF\
RI WKH$$ JHQRW\SHZDV VLJQL¿FDQWO\ KLJKHU Ȥ  GI  S  LQ
DGXOWSDWLHQWVZLWKFKURQLFVFKL]RSKUHQLDZLWKRGGV UDWLR&,
)UHTXHQFLHVRIWKH$$DQG$$JHQRW\SHVLQWKHJURXSRIFKLOGUHQ
GLGQRWGLIIHUIURPWKRVHLQWKHVDPSOHRIKHDOWK\LQGLYLGXDOV
&RQFOXVLRQV 7KHUHIRUH SDWLHQWV ZLWK HDUO\DJHDWRQVHW VFKL]RSKUHQLD
KDYH WKHIROGKLJKHU ULVNRIGHYHORSLQJ WKHGLVHDVHZLWKFKURQLFFRXUVH
DQG SRRU RXWFRPH LI WKH\ KDYH WKH$$JHQRW\SH7DNLQJ WKH UHVXOWV RI
JHQRW\SLQJ LQWR DFFRXQWPLJKW EH DOVR KHOSIXO LQ HVWDEOLVKLQJRI DFFXUDWH
GLDJQRVLVRIVFKL]RSKUHQLDLQFKLOGUHQ
5HIHUHQFHV
6WD\HU&6SRUQ$*RJWD\17RVVHOO-/HQDQH0*RFKPDQ35DSRSRUW
-//RRNLQJIRUFKLOGKRRGVFKL]RSKUHQLDFDVHVHULHVRIIDOVHSRVL
WLYHV-$P$FDG&KLOG$GROHVF3V\FKLDWU\
32
((*GXULQJ$ULWKPHWLFDQG(PRWLRQDO7DVNVLQ6FKL]RSKUHQLF
)DPLOLHV
/XERY8YDURYD
1DWLRQDO0HQWDO+HDOWK5HVHDUFK&HQWHU5$06RI0RVFRZ
5XVVLD
0DUJDULWD$O¿PRYD
2EMHFWLYHV	0HWKRGV 7R LQYHVWLJDWH JHQHWLF GHWHUPLQDWLRQ RI ELRORJL
FDO SHFXOLDULWLHV WKDW XQGHUOLH FRJQLWLYH G\VIXQFWLRQ LQ VFKL]RSKUHQLD ZH
VWXGLHG ((* GXULQJ D PHQWDO DULWKPHWLF WDVN DQG SDVVLYH SHUFHSWLRQ RI
HPRWLRQDOZRUGVLQSDWLHQWVWKHLUKHDOWK\¿UVWGHJUHHUHODWLYHVDQG
KHDOWK\FRQWUROV5HDFWLYLW\ LQGLFHVIRUGHOWD WKHWDDOSKDEHWDDQGEHWD
SRZHUDWGHULYDWLRQVZHUHFDOFXODWHGDQGFRPSDUHGEHWZHHQJURXSV
(DFKUHDFWLYLW\LQGH[ZDVFRPSXWHGDVIROORZVDEVROXWHSRZHU$3GXU
LQJWHVW±UHVWLQJ$3UHVWLQJ$3:HVWXGLHGWRSRJUDSK\RIDEQRUPDO((*
UHDFWLYLW\LQWKHJURXSV
5HVXOWV7KHSDWLHQWVDQGWKRVHUHODWLYHVZKRSHUIRUPHGWKHPHQWDODULWK
PHWLF WDVN SRRUO\ GHPRQVWUDWHG VLPLODU DEQRUPDOLWLHV RI ((* UHDFWLYLW\
GXULQJWKHDULWKPHWLFWDVNDVFRPSDUHGWRFRQWUROV7KHVHZHUHDQH[FHVVRI
GHOWDSRZHUDQGOHVVGHSUHVVLRQRIDOSKDDQGEHWDUK\WKPVSUHGRPLQDQWO\
LQ WKHIURQWDO IURQWRWHPSRUDODQGSDULHWDO UHJLRQVRI WKH OHIWKHPLVSKHUH
'XULQJ SHUFHSWLRQ RI HPRWLRQDO ZRUGV SDWLHQWV VKRZHG  D VLJQL¿FDQW
LQFUHDVHLQGHOWDSRZHUHVSHFLDOO\DWWKHIURQWDODQGSDULHWDOUHJLRQVD
VLJQL¿FDQW LQFUHDVHLQEHWDSRZHUDW OHIW WHPSRUDOSDULHWDODQGRFFLSLWDO
DUHDVDQGOHVVDOSKDGHV\QFKURQL]DWLRQDWIURQWDODUHDV7KHZKROHJURXS
RIUHODWLYHVKDGDVLPLODUDEQRUPDODXJPHQWDWLRQRIGHOWDDQGEHWDSRZHU
GXULQJWKHZRUGVSHUFHSWLRQ
&RQFOXVLRQV5HVXOWVVXJJHVWWKDWWKHGLIIXVHLQFUHDVHLQGHOWDSRZHUDQGWKH
K\SRDFWLYDWLRQRIIURQWDOUHJLRQVDUHFRPPRQFKDUDFWHULVWLFVRI((*UHDF
WLYLW\GXULQJERWKDULWKPHWLFDQGHPRWLRQDOWDVNVLQVFKL]RSKUHQLFIDPLOLHV
$GHFUHDVHGUHDFWLRQLQEHWD±EDQGLQWKHOHIWKHPLVSKHUHHVSHFLDOO\LQ
WKHIURQWDOUHJLRQVDQGDQLQFUHDVH LQEHWD±SRZHUDW WKH OHIW WHPSRUDO
UHJLRQDUHVSHFL¿FWRPHQWDODULWKPHWLFDQGSHUFHSWLRQRIHPRWLRQDOZRUGV
UHVSHFWLYHO\ $OO DERYH PHQWLRQHG ((*DEQRUPDOLWLHV GLVFULPLQDWHG WKH
SDWLHQWV DQG WKHLU UHODWLYHV IURPFRQWUROV WKXV WKH\DUH IDPLOLDO WUDLWV DQG
PLJKWEHKHULWDEOHDQGUHODWHGWRJHQHWLFULVNIRUVFKL]RSKUHQLD'HFUHDVHG
GHSUHVVLRQRIDOSKDDFWLYLW\LQSRVWHULRUUHJLRQVLQSDWLHQWVDVFRPSDUHGWR
FRQWUROVPD\EHVWDWHGHSHQGHQW
32
3RVWHU6HVVLRQ1R
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2[LGDWLYH6WUHVVLQDQ$QLPDO0RGHOIRU3V\FKRVLVDQGLWV
6LJQLILFDQFHIRUWKH3DWKRJHQHVLVRI6FKL]RSKUHQLD
-XVW*HQLXV
'LYLVLRQRI0ROHFXODUDQG&OLQLFDO1HXURELRORJ\'HSDUWPHQWRI
3V\FKLDWU\/XGZLJ0D[LPLOLDQV8QLYHUVLW\RI0XQLFK*HUPDQ\
$QQHWWH+DUWPDQQ,QD*LHJOLQJ$QQD/HQD'|O]HU
7XDQ'RQJ6L+DQV-UJHQ0|OOHU'DQ5XMHVFX
2EMHFWLYHV 5HFHQW HYLGHQFH LPSOLFDWHV D JOXWDPDWHUJLF G\VEDODQFH DV D
PDMRUSULQFLSOHXQGHUO\LQJWKHSDWKRJHQHVLVDQGSURJUHVVLRQRIVFKL]RSKUH
QLD(PSOR\LQJ LPPXQRKLVWRFKHPLFDOPHWKRGV LQ DQ DQLPDOPRGHO EDVHG
RQFKURQLF10'$DQWDJRQLVPZLWK0.ZHZHUHDEOHWRGHPRQVWUDWH
DOWHUDWLRQV RI LQWUDFHOOXODU JOXWDPDWH OHYHOV LQ VWUDWHJLFDOO\ LPSRUWDQW OR
FDOLVDWLRQVZLWKLQ WKH KLSSRFDPSXVZKLFKZHUH UHYHUVHG LQ WKH SUHVHQFH
RI KDORSHULGRO 6LQFH JOXWDPDWHUJLF DFWLYLW\ LV WLJKWO\ FRQQHFWHG ZLWK WKH
JHQHUDWLRQ RI UHDFWLYH R[\JHQ VSHFLHVZH K\SRWKHVL]HG DQ DVVRFLDWLRQ RI
0. LQGXFHGJOXWDPDWHG\VUHJXODWLRQDQGR[LGDWLYH VWUHVV7KH OHYHOV
RI JHQH H[SUHVVLRQ XOWUDVWUXFWXUH DQG EHKDYLRU ZHUH FRQVLGHUHG LQ RXU
LQYHVWLJDWLRQ
0HWKRGV  DGROHVFHQW UDWV ZHUH WUHDWHG RYHU  GD\V ZLWK 0.
PJNJ KDORSHULGRO PJNJ D FRPELQDWLRQ RI ERWK DJHQWV RUZLWK
VDOLQHIRUFRQWURO([WHQVLYHEHKDYLRUDODVVHVVPHQWZDVSHUIRUPHG%UDLQV
ZHUHGLVVHFWHGDQGSURFHVVHGIRUJHQHH[SUHVVLRQDQDO\VLVZLWKWKH$II\PH
WUL[UDWJHQRPHPLFURDUUD\2QHKHPLVSKHUHZDVVXEMHFWHGWRDQLP
PXQRKLVWRFKHPLFDODQDO\VLVRIQLWURW\URVLQHQLWULFR[LGHV\QWKDVH781(/
DSRSWRVLVDQGDUDQJHRISUROLIHUDWLRQPDUNHUV
5HVXOWV0. WUHDWPHQW OHG WRDQ±DOEHLW VXEWOHDOWHUDWLRQRI WKHKLS
SRFDPSDO F\WRDUFKLWHFWXUH DQG UHJLRQDO JOXWDPDWH GLVWULEXWLRQ $OWKRXJK
JHQHV LPSOLFDWHG LQ WKH R[LGDWLYH VWUHVV SDWKZD\V ZHUH QRW FRQVLVWHQWO\
GLIIHUHQWLDOO\H[SUHVVHGZHZHUHDEOHWRGHWHFWLPPXQRKLVWRFKHPLFDOWUDFHV
RIFKURQLFR[LGDWLYHVWUHVVDQGDOWHUHGDSRSWRWLFDFWLYLW\6RPHSDUDPHWHUV
FRUUHODWHGZHOOZLWKPHDVXUHVRIEHKDYLRUDOSHUIRUPDQFHDQGQHXURORJLFDO
IXQFWLRQ
&RQFOXVLRQV &RQYHUJHQW OLQHV RI HYLGHQFH IURP RXU SUHOLPLQDU\ GDWD
LQGLFDWHWKDWJOXWDPDWHLQGXFHGR[LGDWLYHVWUHVVLQGLVWLQFWVXEUHJLRQVRIWKH
&16PD\ DFFRXQW IRU WKH EHKDYLRUDO DEQRUPDOLWLHV H[KLELWHG E\0.
WUHDWHGUDWV$OWKRXJKWKLVSKDUPDFRORJLFDODSSURDFKEHFRPHVLQFUHDVLQJO\
DFFHSWHGDVWKHRQHZLWKWKHKLJKHVWGHJUHHRIYDOLGLW\DVDPRGHOIRUVFKL]R
SKUHQLD IXUWKHU UHVHDUFKRQPDWHULDO ERG\ÀXLGVDQGSRVWPRUWHPEUDLQV
IURPVFKL]RSKUHQLFSDWLHQWVZLOOEHUHTXLUHG
32
9HUEDO:RUNLQJ0HPRU\7DVN3HUIRUPDQFH'LIIHUHQWLDWHV
EHWZHHQ6FKL]RDIIHFWLYHDQG6FKL]RSKUHQLF3DWLHQWV
(YD*UXEHU
'HSDUWPHQWRI3V\FKLDWU\6DDUODQG8QLYHUVLW\+RVSLWDO+RPEXUJ
6DDU*HUPDQ\
/HLWK.KDOLO3HWHU)DONDL2OLYHU*UXEHU
2EMHFWLYHV6RIDUHYLGHQFHFRQFHUQLQJVSHFL¿FQHXURSV\FKRORJLFDOGH¿FLWV
RIVFKL]RDIIHFWLYHSDWLHQWVDVZHOODVUHJDUGLQJWKHQHXUDOFRUUHODWHVRIWKHVH
GH¿FLWVLVYHU\OLPLWHG7KHDLPRIWKHSUHVHQWVWXG\ZDVWRGLUHFWO\FRPSDUH
VSHFL¿FVXEFRPSRQHQWVRIZRUNLQJPHPRU\LQSDWLHQWVZLWKVFKL]RDIIHFWLYH
GLVRUGHULQSDWLHQWVZLWKVFKL]RSKUHQLDDVZHOODVLQKHDOWK\FRQWUROVXVLQJ
PRGL¿HGYHUVLRQVRIWKH6WHUQEHUJLWHPUHFRJQLWLRQWDVN
0HWKRGVVFKL]RDIIHFWLYHSDWLHQWVVFKL]RSKUHQLFSDWLHQWVDVZHOODV
 KHDOWK\ FRQWURO VXEMHFWV DOO PDWFKHG ZLWK UHVSHFW WR JHQGHU DJH DQG
HGXFDWLRQDO VWDWXV XQGHUZHQW H[SHULPHQWDO QHXURSV\FKRORJLFDO WHVWLQJ
RI GLIIHUHQW FRPSRQHQWV RI ZRUNLQJ PHPRU\ LH DUWLFXODWRU\ UHKHDUVDO
039#(/4)#¬$)3/2$%23¬¬0OSTER¬3ESSION¬.O
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
QRQDUWLFXODWRU\PDLQWHQDQFHRISKRQRORJLFDOLQIRUPDWLRQDQGYLVXRVSDWLDO
ZRUNLQJPHPRU\,QRUGHUWREHDEOHWRDWWULEXWHSRVVLEOHGH¿FLWVWRG\VIXQF
WLRQVRIXQGHUO\LQJEUDLQFLUFXLWVZHXVHGWKHVDPHH[SHULPHQWDOSDUDGLJPV
DVLQSUHYLRXVQHXURLPDJLQJVWXGLHVRIZRUNLQJPHPRU\
5HVXOWV:KHQ FRPSDULQJ VFKL]RDIIHFWLYH SDWLHQWV ZLWK KHDOWK\ FRQWUROV
QRVLJQL¿FDQWGLIIHUHQFHZDVIRXQGLQDQ\RIWKHWDVNV%\FRQWUDVWVFKL]R
SKUHQLFSDWLHQWVFRPSDUHGZLWKKHDOWK\FRQWUROVVKRZHGVLJQL¿FDQWGH¿FLWV
LQDOOZRUNLQJPHPRU\WDVNV6FKL]RDIIHFWLYHSDWLHQWVH[KLELWHGOHVVGH¿FLWV
WKDQSDWLHQWVVXIIHULQJIURPVFKL]RSKUHQLDLQERWKYHUEDOZRUNLQJPHPRU\
WDVNV(VSHFLDOO\LQWKHDUWLFXODWRU\UHKHDUVDOWDVNDFOHDUGLIIHUHQFHEHWZHHQ
WKH WZRJURXSVZDVVHHQ6HYHQRXWRIHOHYHQVFKL]RSKUHQLFSDWLHQWVSHU
IRUPHGZRUVHWKDQVWDQGDUGGHYLDWLRQVEHORZWKHPHDQRIWKHSHUFHQWDJH
RIFRUUHFWDQVZHUVZKHUHDVRQO\RQHRIWKHVFKL]RDIIHFWLYHSDWLHQWVGLGVR
&RQFOXVLRQV 6FKL]RDIIHFWLYH SDWLHQWV GLG QRW GLIIHU VLJQL¿FDQWO\ IURP
KHDOWK\VXEMHFWVLQZRUNLQJPHPRU\WDVNSHUIRUPDQFHEXWVKRZHGVLJQL¿
FDQWO\EHWWHUUHVXOWVLQWKHDUWLFXODWRU\UHKHDUVDOPHPRU\WDVNDVFRPSDUHG
WR VFKL]RSKUHQLF SDWLHQWV DOWKRXJK WKHUHZDV QR VLJQL¿FDQW GLIIHUHQFH LQ
SV\FKRSDWKRORJLFDOUDWLQJVFDOHVEHWZHHQWKHWZRJURXSV7KLVVXJJHVWVWKDW
WKH IXQFWLRQDO LQWHJULW\ RI WKH DUWLFXODWRU\ UHKHDUVDOPHFKDQLVPPD\EH D
PDUNHUWKDWGLIIHUHQWLDWHVEHWZHHQWKHVHWZRGLDJQRVWLFJURXSV
5HIHUHQFHV
*UXEHU2&HUHEUDO&RUWH[
*UXEHU2YRQ&UDPRQ'<1HXURVFLHQFH/HWWHUV
*UXEHU2YRQ&UDPRQ'<1HXUR,PDJH
*UXEHU2*RVFKNH7$FWD3V\FKRORJLFD
32
7KH,QIOXHQFHRI2OIDFWRU\6WLPXODWLRQRQWKH1HXUDO
&RUUHODWHVRI:RUNLQJ0HPRU\LQ6FKL]RSKUHQLD
8WH+DEHO
'HSDUWPHQWRI3V\FKLDWU\5:7+$DFKHQ8QLYHUVLW\*HUPDQ\
05&HQWUHRI([FHOOHQFH0HGLFDO8QLYHUVLW\RI9LHQQD$XVWULD
0DUWLQD.OHLQ.DWKULQ.RFK7KLOR.HOOHUPDQQ1LQD<6HLIHUWK
9RONHU%DFNHV7RQ\6W|FNHU.DUO=LOOHV1-6KDK
)UDQN6FKQHLGHU7LOR.LUFKHU
2EMHFWLYHV7KHLQÀXHQFHRIHPRWLRQRQFRJQLWLYHSURFHVVHVSOD\VDUHOH
YDQWUROHLQKHDOWK\SHRSOHV¶HYHU\GD\OLIHDVZHOODVLQQXPHURXVSV\FKLDWULF
GLVRUGHUV/LWWOHLVNQRZQKRZHYHUDERXWLWVQHXUDOEDVLV
0HWKRGV +HQFH WKH SUHVHQW VWXG\ XVHG IXQFWLRQDO PDJQHWLF UHVRQDQFH
LPDJLQJI05, WRH[DPLQH WKHQHXUDOFRUUHODWHVRI WKH LQWHUSOD\EHWZHHQ
FRJQLWLYH DQG HPRWLRQDO SURFHVVLQJ LQ IXUWKHU GHWDLO+HDOWK\ SDUWLFLSDQWV
Q  DQG VFKL]RSKUHQLD SDWLHQWV Q  SHUIRUPHG D FRPELQHG EDFN
EDFN WDVN ZKLOH QHJDWLYH HPRWLRQ ZDV LQGXFHG E\ PHDQV RI QHJDWLYH
ROIDFWRU\ VWLPXODWLRQ )RU FRPSDULVRQ D FRQWURO FRQGLWLRQ ZLWK QHXWUDO
URRP DLU VWLPXODWLRQ ZDV DSSOLHG 6XEMHFWLYH UDWLQJV ZHUH DVVHVVHG DIWHU
HDFKFRQGLWLRQ'DWDDQDO\VLVZDVSHUIRUPHGZLWK6307KHPDLQHIIHFW
RIFRJQLWLRQZDVDQDO\]HGIRUHDFKVXEMHFWFRQWUDVWLQJ WKHEDFNDQGWKH
EDFN FRQGLWLRQ 7KHPDLQ HIIHFW RI HPRWLRQZDV FUHDWHG E\ FRPSDULQJ
WKH QHJDWLYH ROIDFWRU\ FRQGLWLRQ \HDVW ZLWK WKH QHXWUDO FRQGLWLRQ DLU
,QWHUDFWLRQHIIHFWVZHUHFRPSXWHGFRQWUDVWLQJWKHPDLQHIIHFWRIFRJQLWLRQ
DQGWKHPDLQHIIHFWRIHPRWLRQLHEDFN\HDVWEDFN\HDVWYVEDFN
QHXWUDOEDFNQHXWUDO$UHSHDWHGPHDVXUHPHQWV$129$ZLWKFRQGLWLRQ
EDFNEDFN DQG HPRWLRQ QHXWUDO VWLPXODWLRQQHJDWLYH VWLPXODWLRQ DV
ZLWKLQVXEMHFW IDFWRUVDQGJURXSDVEHWZHHQVXEMHFW IDFWRUZDVSHUIRUPHG
DWWKHVHFRQGOHYHO
5HVXOWV$FFRUGLQJWRVXEMHFWLYHUDWLQJVPRRGLQGXFWLRQZDVVXFFHVVIXOLQ
ERWK JURXSV$V H[SHFWHG VFKL]RSKUHQLD SDWLHQWV GHPRQVWUDWHG D UHGXFHG
RYHUDOO EHKDYLRUDO SHUIRUPDQFH FRPSDUHG WR FRQWUROV 7KH LPSDLULQJ HI
IHFW RI WKH QHJDWLYHPRRG LQGXFWLRQZDV YLVLEOH GXULQJZRUNLQJPHPRU\
SHUIRUPDQFH EDFN RQO\ LQ ZKLFK WKH PHDQ QXPEHU RI FRUUHFW WDUJHW
UHDFWLRQV ZDV VLJQL¿FDQWO\ ORZHU GXULQJ QHJDWLYH ROIDFWRU\ VWLPXODWLRQ
DVFRPSDUHG WR WKHQHXWUDOFRQGLWLRQ7KLVHIIHFWHPHUJHGRQO\DVD WUHQG
LQ SDWLHQWV ,Q DFFRUGDQFH WR SUHFHGLQJ HYLGHQFH SDWLHQWV GHPRQVWUDWHG D
UHGXFHGDFWLYDWLRQIRUWKHPDLQHIIHFWRIZRUNLQJPHPRU\EDFNEDFN
FRPSDUHG WRFRQWUROV+RZHYHUGXULQJ WKHHPRWLRQFRJQLWLRQ LQWHUDFWLRQ
LHZRUNLQJPHPRU\DQGQHJDWLYHPRRGLQGXFWLRQDVSHFL¿FK\SRDFWLYDWLRQ
RISDWLHQWVHPHUJHGLQWKHDQWHULRUFLQJXODWHDQGSUHIURQWDOFRUWH[
&RQFOXVLRQV 2XU UHVXOWV LQGLFDWH WKDW VFKL]RSKUHQLD SDWLHQWV UHYHDO G\V
IXQFWLRQV LQ WKH DQWHULRU FLQJXODWH DQG WKH IURQWDO FRUWH[ ERWK UHJLRQV RI
VSHFLDOUHOHYDQFHLQWKHPRGXODWLRQRIHPRWLRQGXULQJFRJQLWLYHGHPDQGV
7KHDQWHULRUFLQJXODWHFRUWH[KDVEHHQLPSOLFDWHGLQHPRWLRQFRJQLWLRQLQ
WHUDFWLRQV7KHUROHRIWKHSUHIURQWDOFRUWH[LQWKHUHJXODWLRQRIHPRWLRQKDV
EHHQDFNQRZOHGJHGUHSHDWHGO\+HQFHWKHVHG\VIXQFWLRQVLQVFKL]RSKUHQLD
PD\UHÀHFWLPSDLUPHQWVLQHPRWLRQFRJQLWLRQLQWHUDFWLRQV
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/LQNDJHDQG$VVRFLDWLRQ6WXG\RI6FKL]RSKUHQLDZLWK
&KURPRVRPHT
.\XQJ6XH+RQJ
'HSDUWPHQWRI3V\FKLDWU\6XQJN\XQNZDQ8QLYHUVLW\6FKRRORI
0HGLFLQH6DPVXQJ6HRXO+RVSLWDO.RUHD
.\RR6HRE+D<RQJ/HH-DQJ<X6DQJ/HH(XQ<RXQJ&KR
-RQJ:RQ.LP
2EMHFWLYHV &KURPRVRPH T KDV EHHQ UHSRUWHG WR EH D VXVFHSWLELOLW\
ORFXVIRUVFKL]RSKUHQLDEDVHGRQJHQRPHZLGHOLQNDJHVFDQVDQGDVVRFLDWLRQ
VWXGLHVZLWKFDQGLGDWHJHQHVRIWKLVORFXVLH='++&352'+&207
'*&5HWF7RGHWHUPLQHZKHWKHUJHQHWLFYDULDWLRQVLQWKLVORFXVDUHDVVRFL
DWHGZLWKVFKL]RSKUHQLDLQWKH.RUHDQSRSXODWLRQZHLQYHVWLJDWHGPXOWLSOH[
IDPLOLHVDQGXQUHODWHGSDWLHQWVXVLQJOLQNDJHDQGDVVRFLDWLRQDQDO\VHV
0HWKRGV7KUHHPLFURVDWHOOLWHPDUNHUVVSDQQLQJDUHJLRQRI0EZLWKLQ
TZHUHJHQRW\SHGIRUPXOWLSOH[IDPLOLHVZLWKVFKL]RSKUHQLDDQGD
QRQSDUDPHWULFOLQNDJHDQDO\VLVZDVDSSOLHG7KHDVVRFLDWLRQVWXG\ZDVSHU
IRUPHGIRU613VRQWKLVORFXVZLWKXQUHODWHGVFKL]RSKUHQLDSDWLHQWV
DQGQRUPDOFRQWUROV7KH613VZHUHDPSOL¿HGLQWZRSRROVRI'1$GH
ULYHGIURPWKHSDWLHQWDQGFRQWUROJURXSVDQGW\SHGE\6QDS6KRWPHWKRG
5HVXOWV1RVLJQL¿FDQW OLQNDJHVLJQDOZDVREVHUYHGIURPDQ\RI WKHPLF
URVDWHOOLWHPDUNHU WHVWHG ,Q WKH DVVRFLDWLRQ DQDO\VLV3YDOXHVZHUH
REWDLQHGIRU¿YH613VUVUVUVUVDQG
UV3YDOXHVZHUHOHVVWKDQIRUWKUHHRIWKHVH613V
&RQFOXVLRQV 6DPSOHE\VDPSOH JHQRW\SLQJ LV ZDUUDQWHG IRU WKHVH ¿YH
613VZKLFK VKRZHG VXJJHVWLYH HYLGHQFH RI DVVRFLDWLRQZLWK VFKL]RSKUH
QLD
32
$VVRFLDWLRQRID3URPRWHU3RO\PRUSKLVPLQWKH3'/,0*HQH
DQGVFKL]RSKUHQLD
<DVXH+RULXFKL
'HSDUWPHQWRI0HGLFDO*HQHWLFV*UDGXDWH6FKRRORI&RPSUHKHQ
VLYH+XPDQ6FLHQFHV8QLYHUVLW\RI7VXNXED7VXNXED,EDUDNL
DQG&5(67-67-DSDQ
0DNRWR$UDL7DGDIXPL.DWR0DVDQDUL,WRNDZD7DGDR$ULQDPL
2EMHFWLYHV 6FKL]RSKUHQLD LV D FRPPRQPHQWDO GLVRUGHUZLWK D FRPSOH[
JHQHWLFFRPSRQHQW$FFRUGLQJWRWKHUHFHQWO\'1$PLFURDUUD\DQDO\VLVRI
WKHSRVWPRUWHPEUDLQVRISDWLHQWVZLWKVFKL]RSKUHQLDWKHH[SUHVVLRQRIWKH
3'/,03'=DQG/,0GRPDLQJHQHLVXSUHJXODWHG,QWKLVVWXG\ZH
LQYHVWLJDWHZKHWKHUWKHSRO\PRUSKLVPVLQWKH3'/,0JHQHLVDVVRFLDWHG
ZLWKVFKL]RSKUHQLD
0HWKRGV :H SHUIRUPHG PXWDWLRQ VFUHHQLQJ RI 3'/,0 LQ -DSDQHVH
SDWLHQWVZLWK VFKL]RSKUHQLD DQG HYDOXDWHG DVVRFLDWLRQV RI SRO\PRUSKLVPV
LGHQWL¿HGZLWK VFKL]RSKUHQLD LQD -DSDQHVHFDVHFRQWUROSRSXODWLRQ5HDO
7LPH4XDQWLWDWLYH 3&5 DQG HOHFWURSKRUHWLFPRELOLW\ VKLIW DVVD\ (06$
ZDV SHUIRUPHG WR DVVHVV DVVRFLDWLRQV EHWZHHQ D SRO\PRUSKLVP DQG JHQH
H[SUHVVLRQ
5HVXOWV:HLGHQWL¿HGSRO\PRUSKLVPV LQ WKH3'/,0JHQHDQGIRXQG
DVVRFLDWLRQVEHWZHHQSRO\PRUSKLVPVUVDQGUVLQWKH¶
UHJLRQRIWKHJHQHDQGVFKL]RSKUHQLD5HDO7LPH4XDQWLWDWLYH3&5UHYHDOHG
DQ DVVRFLDWLRQ EHWZHHQ WKHVH SRO\PRUSKLVPV DQG WKH JHQH H[SUHVVLRQ
OHYHOV(06$VKRZHGGLIIHUHQWELQGLQJSDWWHUQVRIWKHDOOHOLFSUREHVRIWKH
UVSRO\PRUSKLFVLWHWRQXFOHDUSURWHLQV
&RQFOXVLRQV7KHVHUHVXOWVVXJJHVWWKDWWKH3'/,0JHQHPD\SOD\DUROH
LQWKHJHQHWLFVXVFHSWLELOLW\WRVFKL]RSKUHQLD
5HIHUHQFHV
,ZDPRWR.HWDO0ROHFXODUFKDUDFWHUL]DWLRQRIELSRODUGLVRUGHUE\
FRPSDULQJJHQHH[SUHVVLRQSUR¿OHVRISRVWPRUWHPEUDLQVRIPDMRUPHQWDO
GLVRUGHUV0RO3V\FKLDWU\
039#(/4)#¬$)3/2$%23¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
32
$XGLWRU\3LQWKH6WUXFWXUHRI%UDLQ,QGLFHVLQWKH)DPLOLHV
RI6FKL]RSKUHQLFVDQG0HQWDOO\+HDOWK\6XEMHFWV
,ULQD/HEHGHYD
1DWLRQDO0HQWDO+HDOWK5HVHDUFK&HQWHU5XVVLD
9HUD2UORYD7DW\DQD6DYLQD/HRQLG*XEVN\1DWDOLD(IDQRYD
1LQD9RVNUHVHQVND\D
2EMHFWLYHV 7KH VWXG\ ZDV DLPHG WR WKH DQDO\VLV RI QHXURSK\VLRORJLFDO
FKDUDFWHULVWLFV RI VHOHFWLYH DWWHQWLRQ 3 LQ WKH FRPSOH[ KLHUDUFK\ RI
EUDLQLQGLFHVLQQRUPDQGLQVFKL]RSKUHQLD
0HWKRGV7KHZRUNZDVGRQHLQWKHVDPSOHVRIIDPLOLHVRISDWLHQWVZLWK
VFKL]RSKUHQLD VXEMHFWVDQGPHQWDOO\KHDOWK\VXEMHFWV PHPEHUV
RIIDPLOLHVDQGXQUHODWHGVXEMHFWV7KHVXEMHFWVZHUHSUHVHQWHGZLWK
WKH VWDQGDUG WZRWRQHRGGEDOOSDUDGLJP7DUJHWVZHUH WRQHV+]
G%SUREDELOLW\±QRQWDUJHWV±+]G%SUREDELOLW\±7KH
VXEMHFWV SUHVVHG WKHEXWWRQ WR WKH WDUJHWV WRQHV((* UHFRUGLQJZDVGRQH
RQFKDQQHO((*JUDSK(UD27(%LRPHGLFD,WDO\(53UHFRUG
LQJDQGDQDO\VLVZDVSURYLGHGE\%UDLQ$WODVPDSSLQJV\VWHP%LRORJLF
86$3HDN3DPSOLWXGHDQGODWHQF\ZHUHWDNHQLQWRDQDO\VLV$OVRWKH
VXEMHFWV XQGHUZHQW WKHQHXURSV\FKRORJLFDO WHVW EDWWHU\ DLPHG WR DWWHQWLRQ
DQGPHPRU\DVZHOODV05,H[DPLQDWLRQRQ77RPLNRQ6WRPRJUDSK
%UXNHU*HUPDQ\
5HVXOWV$VFRPSDUHGWRPHQWDOO\KHDOWK\VXEMHFWVWKHSDWLHQWVZLWKVFKL]R
SKUHQLDDOOPHGLFDWHGVKRZHGWKHVLJQL¿FDQWGHYLDWLRQVLQ3DPSOLWXGH
UHGXFWLRQDQGODWHQF\SURORQJDWLRQ,QWKH¿UVWGHJUHHXQDIIHFWHGUHODWLYHV
RISDWLHQWV3FKDUDFWHULVWLFVZHUHRILQWHUPHGLDWHYDOXHVDQGUHDFKHGWKH
OHYHORIVLJQL¿FDQFHRQO\IRU3ODWHQFLHVLQDIHZOHDGV7KHGHYLDWLRQV
LQSV\FKRORJLFDOFKDUDFWHULVWLFVDWWHQWLRQVWDELOLW\YROXPHHWFQHJDWLYHO\
FRUUHODWHGZLWK3DPSOLWXGHVLQSDWLHQWVDQGSRVLWLYHO\ZLWK3ODWHQ
FLHV LQWKHSDWLHQWXQDIIHFWHGUHODWLYHVDQGLQQRUP7KHUHZHUHQRWIRXQG
WKH VLJQL¿FDQW FRUUHODWLRQV EHWZHHQ3 FKDUDFWHULVWLFV DQG WKH YROXPHV
RI KLSSRFDPSXV LQ DOO JURXSV DVZHOO DV EHWZHHQ 3 DQG IURQWDO OREHV
YROXPHV LQ SDWLHQWV DQG WKHLU UHODWLYHV 7KHUH ZHUH SRVLWLYH FRUUHODWLRQV
EHWZHHQ3ODWHQF\DQGYROXPHRI OHIWQXFOHXVFDXGDWH LQSDWLHQWVZLWK
VFKL]RSKUHQLDDQGQHJDWLYH±LQWKHXQDIIHFWHGUHODWLYHVDQGQRUP
&RQFOXVLRQV7KHFKDUDFWHULVWLFVRI3VKRZHGWKHUHODWLRQVKLSVZLWKWKH
EUDLQIXQFWLRQDODQGVWUXFWXUDOFKDUDFWHULVWLFVZKLFKSUHVXPDEO\SOD\DUROH
LQ WKHSDWKRJHQHVLVRI VFKL]RSKUHQLD7KHGLVFUHSDQF\EHWZHHQDPSOLWXGH
DQGODWHQF\GRPDLQVLQSDWLHQWVDQGWKHLUXQDIIHFWHGUHODWLYHVDQGPHQWDOO\
KHDOWK\VXEMHFWVDOVRPHULWVDWWHQWLRQ
32
((*&RKHUHQFHDVD*HQHWLF0DUNHUIRU6FKL]RSKUHQLD
<X6DQJ/HH
<RQJLQ0HQWDO+RVSLWDO.RUHD6RXWK
-XQ.LP:RR.\XQJ/HH<RQJ7DH.ZDN.\XQJ6XH+RQJ
2EMHFWLYHV((*FRKHUHQFHFKDQJHV LQKHDOWK\VLEOLQJVRIVFKL]RSKUHQLFV
DVZHOODVLQVFKL]RSKUHQLFVZHUHUHSRUWHG7KLVVXJJHVWVWKDW((*FRKHU
HQFHPD\EHDELRORJLFDOPDUNHUIRUVFKL]RSKUHQLDDQGEHXVHGIRUPDSSLQJ
JHQHVIRUVFKL]RSKUHQLD:HVWXGLHG((*FRKHUHQFHLQ.RUHDQVXEMHFWVZLWK
VFKL]RSKUHQLD WKHLUKHDOWK\VLEOLQJVDQGKHDOWK\FRQWUROV WRH[DPLQHWKHLU
SRWHQWLDOUROHDVHQGRSKHQRW\SH
0HWKRGV:H UHFRUGHG PXOWLFKDQQHO UHVWLQJ ((* VLJQDOV LQ  VSRUDGLF
SDWLHQWVZLWKVFKL]RSKUHQLD\HDUVROGWKHLUKHDOWK\VLEOLQJV
 \HDUV ROG DQG  KHDOWK\ FRQWUROV  \HDUV ROG
.RUHDQYHUVLRQRIGLDJQRVWLF LQWHUYLHZIRUJHQHWLF VWXGLHVZDVSHUIRUPHG
IRUVFKL]RSKUHQLFV
5HVXOWV,QWUDDQGLQWHUKHPLVSKHULF((*FRKHUHQFHVIRUWKHVXEMHFWVZHUH
FRPSXWHGDQGDQDO\]HGE\DWZRIDFWRULDODQDO\VLVRIYDULDQFHV$129$
ZLWKSRVWKRFPXOWLSOHFRPSDULVRQV,QWUDKHPLVSKHULFIURQWRWHPSRUDOFRKHU
HQFHYDOXHVLQEHWDEDQG((*VKRZHGVLJQL¿FDQWLQFUHDVHLQERWKULJKWDQG
OHIWKHPLVSKHUHVLQVFKL]RSKUHQLFVFRPSDUHGWRFRQWUROV7KHPHDQFRKHU
HQFHYDOXHRIKHDOWK\ VLEOLQJV LQEHWDEDQG((*ZDVKLJKHU WKDQKHDOWK\
FRQWUROVDQGORZHUWKDQVFKL]RSKUHQLFV5LJKWLQWUDKHPLVSKHULFIURQWRWHP
SRUDO FRKHUHQFHYDOXHV LQ WKHWDEDQG((*ZHUH LQFUHDVHG VLJQL¿FDQWO\ LQ
ERWK VLEOLQJVDQG VFKL]RSKUHQLFVFRPSDUHG WRKHDOWK\FRQWUROV7KHPHDQ
FRKHUHQFHYDOXHRIKHDOWK\VLEOLQJVLQWKHWDEDQG((*ZDVEHWZHHQVFKL]R
SKUHQLFV¶DQGKHDOWK\FRQWUROV¶
&RQFOXVLRQV((*FRKHUHQFHFKDQJHV LQ WKH IURQWRWHPSRUDO UHJLRQVZHUH
REVHUYHG LQ ERWK VFKL]RSKUHQLFV DQG WKHLU KHDOWK\ VLEOLQJV FRPSDUHG WR
KHDOWK\FRQWUROV7KHVH¿QGLQJVVXJJHVW WKDWFKDQJHV LQ LQWUDKHPLVSKHULF
IXQFWLRQDOFRQQHFWLYLW\PHDVXUHGE\((*FRKHUHQFHLQWKHIURQWRWHPSRUDO
UHJLRQVPD\EHSRWHQWLDOJHQHWLFPDUNHUVIRUVFKL]RSKUHQLD
5HIHUHQFHV
*RWWHVPDQ , *RXOG 7  7KH HQGRSKHQRW\SH FRQFHSW LQ SV\FKLDWU\
HW\PRORJ\DQGVWUDWHJLFLQWHQWLRQV$P-3V\FKLDWU\
0DQQ.0DLHU:)UDQNH35RVFKNH-DQG*DQVLFNH0,QWUDDQG
LQWHUKHPLVSKHULFHOHFWURHQFHSKDORJUDPFRKHUHQFHLQVLEOLQJVGLVFRUGDQWIRU
VFKL]RSKUHQLDDQGKHDOWK\YROXQWHHUV%LRO3V\FKLDWU\
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/LSLG3HUR[LGDWLRQDQG$QWLR[LGDQW(Q]\PH/HYHOVLQ
6FKL]RSKUHQLF3DWLHQWVDQG7KHLU1RQ$IIHFWHG6LEOLQJV
$QZDU0HFKUL
5HVHDUFK8QLWLQ0HQWDO+HDOWK853V\FKLDWU\6HUY
LFH8QLYHUVLW\+RVSLWDORI0RQDVWLU0RQDVWLU7XQLVLD
&KLUD])HQGUL/HLOD%HQ2WKPHQ$ELU0NKLQLQL
$EGHOKDPLG.HUNHQL/RW¿*DKD
2EMHFWLYHV7RGHWHUPLQHWKHSODVPDWLFOHYHORI7KLREDUELWXULF$FLG5HDF
WLYH6XEVWDQFHV7%$56DQGWKHHU\WKURF\WHDQWLR[LGDQWHQ]\PHVDFWLYLW\
LQVFKL]RSKUHQLFSDWLHQWVDQGWKHLUQRQDIIHFWHGVLEOLQJV
0HWKRGV,WLVDFDVHFRQWUROVWXG\FDUULHGRQDJURXS,*,RIVFKL]R
SKUHQLFSDWLHQWV PHQDQGZRPHQPHDQDJH \HDUV D
JURXS,,*,,RIRIWKHLUQRQDIIHFWHGVLEOLQJVPHQDQGZRPHQ
PHDQDJH \HDUVDQGDJURXS,,,*,,,RIYROXQWDU\FRQWUROV
PHQDQGZRPHQPHDQDJH \HDUVZLWKRXWIDPLO\SV\FKL
DWULFKLVWRU\7KHWKUHHJURXSVZHUHPDWFKHGDFFRUGLQJWRDJH
7KHELRORJLFDODVVHVVPHQWDFKLHYHGRQIDVWLQJSDWLHQWVDQGZLWKDSHULRG
RI WREDFFR DEVWLQHQFH FRQVLVWHG LQ GRVDJH E\ VSHFWURSKRWRPHWHU RI WKH
HU\WKURF\WH DQWLR[LGDQW HQ]\PHV DFWLYLW\ 6XSHUR[LGH 'LVPXWDVH 62'
*OXWDWKLRQH 3HUR[LGDVH *6+3[ &DWDODVH &$7 DQG GRVDJH E\ VSHF
WURÀXRULPHWHU RI WKH SODVPDWLF OHYHO RI 7KLREDUELWXULF $FLG 5HDFWLYH
6XEVWDQFHV7%$56
5HVXOWV7KHVFKL]RSKUHQLFSDWLHQWVDQGWKHLUQRQDIIHFWHGVLEOLQJVKDGDORZ
HU\WKURF\WHDFWLYLW\RI62'DQG&$7FRPSDUHGWRWKHFRQWUROJURXSZLWK
UHVSHFWLYHO\8,PJ+ELQ*,DQG8,PJ+ELQ*,,YV
8,PJ+ELQ*,,,IRUWKH62'SDQG8,J
+ELQ*,8,J+ELQ*,,YV8,J+ELQ*,,,IRU
WKH&$7S7KHVFKL]RSKUHQLFSDWLHQWVDOVRKDGORZHUHU\WKURF\WH
DFWLYLW\RI WKH*6+3[WKDQWKHFRQWUROJURXS8,J+ELQ*,
YV 8,J+E LQ*,,, S ZKHUHDV WKHLU QRQ DIIHFWHG VLE
OLQJVKDGKLJKHUHU\WKURF\WHDFWLYLW\RIWKH*6+3[WKDQWKHFRQWUROJURXS
8,J+ELQ*,,YV8,J+ELQ*,,,S 
7KHVFKL]RSKUHQLFSDWLHQWVKDGDKLJKSODVPDWLFOHYHORI7%$56$VLJQL¿
FDQWGLIIHUHQFHZDVIRXQGRQO\ZLWKQRQDIIHFWHGVLEOLQJVJURXS
PROOYVPROOS 
&RQFOXVLRQV 2XU UHVXOWV VKRZHG D GHFUHDVH RI WKH DQWLR[LGDQW HQ]\PHV
DFWLYLW\DQGDQLQFUHDVHRIWKHOLSLGSHUR[LGDWLRQFRQ¿UPLQJWKHH[LVWHQFHRI
DQR[LGDWLYHVWUHVVLQWKHVFKL]RSKUHQLFSDWLHQWV0XNHUMHHHWDO<DR
HWDO,WVXJJHVWVWKDWWKH*+63[ZRXOGEHDSURWHFWLYHPHFKDQLVP
LQWKHLUQRQDIIHFWHGVLEOLQJV2WKHUVWXGLHVZRXOGEHQHFHVVDU\WRFRQ¿UP
WKHVH¿QGLQJV
5HIHUHQFHV
0XNHUMHH60DKDGLN636FKHIIHU5,PSDLUHGDQWLR[LGDQWGHIHQFH
DWWKHRQVHWRIWKHSV\FKRVLV6FKL]RSKUHQLD5HV
<DR-.5HGG\5'9DQ.DPPHQ'32[LGDWLYHGDPDJHDQGVFKL]R
SKUHQLDDQRYHUYLHZRIWKHHYLGHQFHDQGLWVWKHUDSHXWLFLPSOLFDWLRQV&16
'UXJV
039#(/4)#¬$)3/2$%23¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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,QFUHDVHG1HXURORJLFDO6RIW6LJQVLQQRQ$IIHFWHG
6FKL]RSKUHQLF6LEOLQJVZLWK+LJK6FRUHVRI6FKL]RW\S\
$QZDU0HFKUL
5HVHDUFK8QLWLQ0HQWDO+HDOWK853V\FKLDWU\6HUY
LFH8QLYHUVLW\+RVSLWDORI0RQDVWLU0RQDVWLU7XQLVLD
+pOD6ODPD/HLOD*DVVDE2OID0DQGKRXM/RW¿*DKD
1HXURORJLFDO VRIW VLJQV KDYH EHHQ UHSRUWHG LQ QRQ DIIHFWHG VLEOLQJV RI
VFKL]RSKUHQLF SDWLHQWV HPSKDVL]LQJ WKH LPSRUWDQFH RI WKHVH DQRPDOLHV DV
VFKL]RSKUHQLD YXOQHUDELOLW\PDUNHUV+RZHYHU IHZ VWXGLHV KDYH H[SORUHG
WKH UHODWLRQVKLS EHWZHHQ WKHVH DQRPDOLHV DQG SHUVRQDOLW\ GLVRUGHUV RI
VFKL]RSKUHQLDVSHFWUXPDVWKHVFKL]RW\S\
2EMHFWLYHV7RGHWHUPLQHWKHQHXURORJLFDOVRIWVLJQIUHTXHQF\LQDJURXSRI
QRQDIIHFWHGVLEOLQJVRIVFKL]RSKUHQLFSDWLHQWVDQGWRVHDUFKIRUWKHLUFRU
UHODWLRQVZLWKVFKL]RW\S\VFRUHV
0HWKRGV ,W LV D FRPSDUDWLYH VWXG\ FDUULHG RQ D JURXS RI QRQ DIIHFWHG
VLEOLQJVRIVFKL]RSKUHQLFSDWLHQWV1 DQGDKHDOWK\FRQWUROJURXSQRW
KDYLQJDQ\SHUVRQDODQGIDPLO\SV\FKLDWULFKLVWRU\1 7KHWZRJURXSV
ZHUHPDWFKHGDFFRUGLQJWRDJHWKHVH[DQGWKHHGXFDWLRQOHYHO$OOVXEMHFWV
ZHUHDVVHVVHGE\WKH6FKL]RW\SDO3HUVRQDOLW\4XHVWLRQQDLUH634DQGWKH
.UHEVDQGDO1HXURORJLFDO6RIW6LJQV6FDOH166
5HVXOWV+LJKHUWRWDOVFRUHDQGVXEVFRUHVRI166ZHUHIRXQGLQQRQDIIHFWHG
VLEOLQJVRIVFKL]RSKUHQLFSDWLHQWVFRPSDUHGWRFRQWUROVXEMHFWVSLQ
WKHVDPHZD\WKH634WRWDOVFRUHZDVPRUHHOHYDWHGLQQRQDIIHFWHGVLEOLQJV
RIVFKL]RSKUHQLFSDWLHQWVFRPSDUHGWRFRQWUROVXEMHFWVS 
,QWKHQRQDIIHFWHGVLEOLQJVRIVFKL]RSKUHQLFSDWLHQWV166WRWDOVFRUHZDV
FRUUHODWHGWR634WRWDOVFRUHU S DQGWR634QHJDWLYHGLPHQ
VLRQVXEVFRUHU S 
&RQFOXVLRQV7KHVH UHVXOWV FRQ¿UP WKH YXOQHUDELOLW\PRGHO ÄVFKL]RWD[LD
VFKL]RW\S\³DGYDQFHGE\0HHKOVXJJHVWHGWKHH[LVWHQFHRID³QHX
URQDOLQWHJUDWLRQGH¿FLW³LQVLEOLQJVRIVFKL]RSKUHQLFSDWLHQWV,QDGGLWLRQ
ZHXQGHUOLQHWKHLQWHUHVWWRFRXSOHWKHVHWZRDVVHVVPHQWVLQVWXG\LQJKLJK
ULVNVXEMHFWV
5HIHUHQFHV
.UHEV02*XW)D\DQG$%RXUGHO0&'LVFKDPS-2OLH-39DOLGD
WLRQDQGIDFWRULDOVWUXFWXUHRIDVWDQGDUGLVHGQHXURORJLFDOH[DPLQDWLRQDV
VHVVLQJQHXURORJLFDOVRIWVLJQVLQVFKL]RSKUHQLD6FKL]RSKU5HV
0HHKO36FKL]RWD[LDUHYLVLWHG$UFK*HQ3V\FKLDWU\
5DLQH$7KH634DVFDOHIRUWKHDVVHVVPHQWRIVFKL]RW\SDOSHUVRQ
DOLW\EDVHGRQ'60,,,5FULWHULD6FKL]RSKU%XOO
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3RO\PRUSKLVPVRIWKH+7$5HFHSWRU*HQHDQG
$QWLSV\FKRWLF,QGXFHG:HLJKW*DLQ
/XL]D2ODMRVV\+LONHVEHUJHU
'HSDUWPHQWRI3V\FKLDWU\0HGLFDO8QLYHUVLW\RI/XEOLQ3RODQG
+DOLQD0DUPXURZVND0LFKDORZVND0DUFLQ2ODMRVV\
2EMHFWLYHV:HLJKWJDLQLVDFRPPRQDQGSRWHQWLDOO\VHULRXVFRPSOLFDWLRQ
RIVRPHDQWLSV\FKRWLFGUXJWKHUDS\+7$UHFHSWRUPD\SOD\DUROHLQDQ
WLSV\FKRWLFLQGXFHGZHLJKWJDLQ7KHDLPRIWKHVWXG\ZDVWRLQYHVWLJDWH
ZKHWKHUJHQHWLFYDULDQWVRI WKH+7$ UHFHSWRUJHQH +LV7\U7&
DQG*$DIIHFWZHLJKWJDLQDIWHURODQ]DSLQHPRQRWKHUDS\LQSDWLHQWV
ZLWKVFKL]RSKUHQLD
0HWKRGV6L[W\RQHSDWLHQWVPHDQDJH\HDUVPDOHIHPDOH
PHHWLQJ ,&'FULWHULD IRUSDUDQRLG VFKL]RSKUHQLDZHUHZHLJKWHGEHIRUH
DQG DIWHU  ZHHNV RI RODQ]DSLQH WUHDWPHQW *HQRPLF '1$ ZDV LVRODWHG
IURPSHULSKHUDOEORRGO\PSKRF\WHVE\VWDQGDUGSURFHGXUH*HQRW\SLQJZDV
SHUIRUPHGXVLQJ3&55)/3WHFKQLTXHV7KUHHSDUDPHWHUVXVHGIRUHYDOXD
WLRQRIWKHZHLJKWFKDQJHDIWHURODQ]DSLQHWUHDWPHQWLQFOXGHG%:&ERG\
ZHLJKWFKDQJHZHHNVERG\ZHLJKW±EDVHOLQHERG\ZHLJKWSHUFHQWDJHRI
%:& %:&[EDVHOLQH ERG\ZHLJKW DQG%0, FKDQJH7KH DVVRFLD
WLRQRIZHLJKWJDLQSDUDPHWHUVZLWK+7$JHQRW\SHVZDVHYDOXDWHGZLWK
.UXVNDO:DOOLV+7HVW7KHFRUUHODWLRQEHWZHHQDJHDQGVH[RIWKHSDWLHQWV
DQGZHLJKWJDLQSDUDPHWHUVKDVEHHQYHUL¿HGZLWK6SHDUPDQ¶VUKRFRUUHOD
WLRQWHVWDQG80DQQ:KLWQH\7HVWUHVSHFWLYHO\
5HVXOWV$VDJURXSWKHSDWLHQWVJDLQHGDQDYHUDJHRINJLQERG\
ZHLJKW RU RI WKHLU EDVHOLQH ERG\ZHLJKW DIWHU ZHHNV RI RODQ
]DSLQH WUHDWPHQW )RU +7$ JHQRW\SLQJ DPRQJ  SDWLHQWV RQO\ WKUHH
SDWLHQWV KDG WKH +LV7\U JHQRW\SH ZKLOH RWKHUV ZHUH DOO +LV
KRPR]\JRWHV 7KHUHIRUH +LV7\U SRO\PRUSKLVP ZDV QRW HQWHUHG LQWR
WKHDQDO\VHV+RZHYHUQRVLJQL¿FDQWFRUUHODWLRQVZHUHIRXQGEHWZHHQRWKHU
+7$ JHQRW\SHV DQGZHLJKW JDLQ SDUDPHWHUV 7DEOH 0RUHRYHU WKHUH
ZHUHQRVLJQL¿FDQWDVVRFLDWLRQVEHWZHHQDJHDQGVH[RIWKHSDWLHQWVDQGWKH
SDUDPHWHUV RIZHLJKW JDLQ PDOHYV IHPDOHSDWLHQWV%:&%:&%0,
FKDQJH±S!
&RQFOXVLRQV 7& DQG ±*$ YDULDWLRQV RI +7$ UHFHSWRU JHQH
DUHXQOLNHO\ WRSOD\ DQ LPSRUWDQW UROH LQRODQ]DSLQHLQGXFHGZHLJKWJDLQ
)XUWKHUPRUH VH[ DQG DJH RI WKH SDWLHQWV DUH XQOLNHO\ WR EH SUHGLFWRUV RI
DQWLSV\FKRWLFLQGXFHGZHLJKWJDLQ
5HIHUHQFHV
0OOHU'-0XJOLD3)RUWXQH7.HQQHG\-/3KDUPDFRJHQHWLFVRI
DQWLSV\FKRWLFLQGXFHGZHLJKWJDLQ3KDUPDFRORJLFDO5HVHDUFK
7DEOH %RG\ZHLJKW FKDQJH LQ VHURWRQLQ +7$ UHFHSWRU SRO\PRUSKLVP JHQRW\SH
JURXSV
*HQRW\SH
7& *$
&7 77 && S *$ $$ ** S
%:&
0        
VG      
%:&
0        
VG      
%0,FKDQJH
0        
VG      
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&RUUHODWLRQVEHWZHHQ6WUXFWXUDO%DVDO*DQJOLD)URQWDO
/REHVDQG)XQFWLRQDO3DQG1HXURSV\FKRORJLFDO6LJQV
3HFXOLDULWLHVRI6XEFRUWLFDODQG)URQWDO%UDLQ5HJLRQVLQ
3DWLHQWVZLWK6FKL]RSKUHQLD
9HUD2UORYD
0HQWDO+HDOWK5HVHDUFK&HQWHU5$065XVVLD
1DWDOLD(IDQRYD,ULQD/HEHGHYD1LQD9RVFUHVHQVND\D
(OHQD6ROHQRYD/HRQLG*XEVN\'PLWUL\.XSULDQRY
1LNROD\$QLVLPRY1LQD7VKHUEDNRYD1DWDOLD.RUVDNRYD
7DWLDQD6DYLQD(OHQD)HGRURYD7DWLDQD*DQLVKHYD
7DWLDQD6RORNKLQD
2EMHFWLYHV7KHUH LV WKH HYLGHQFH WKDW DEQRUPDOLWLHV RI FKDUDFWHULVWLFV RI
VXEFRUWLFDODQGQHRFRUWLFDOEUDLQVWUXFWXUHV3DQGQHXURSV\FKRORJLFDO
LPSDLUPHQWDUHUHODWHGZLWKVFKL]RSKUHQLDHQGRSKHQRW\SH&RUUHODWLRQVRI
WKHVHFKDUDFWHULVWLFVVKRXOGEHH[DPLQHG
0HWKRGV$FRPSOH[H[DPLQDWLRQZDVFRQGXFWHGLQSDWLHQWVZLWKVFKL]R
SKUHQLD05,YROXPHVRIEDVDOJDQJOLDFDXGDWH±&QXFOHXVOHQWLIRUPLV
1/DQGIURQWDOOREHV)/WRWDOZHUHDVVHVVHG1HXURSK\VLRORJLFDO3
DQGQHXURSV\FKRORJLFDOWHVWHGE\/XULD¶VPHWKRGVSHFXOLDULWLHVRIEUDLQ
IXQFWLRQZHUHVWXGLHG&RUUHODWLRQDQGFOXVWHUDQDO\VHVRIWHVWHGFKDUDFWHULV
WLFVHWDOOZHUHSHUIRUPHG
5HVXOWV7KH GDWD GHPRQVWUDWHG QRQVLJQL¿FDQW UHGXFWLRQ RI EDVDO JDQJOLD
IRU&OHIW!ULJKWDQG)/YROXPHVSURORQJDWLRQRI3ODWHQF\/DQG
GHFUHDVHRIDPSOLWXGH$LQDOOOHDGVDQGDEQRUPDOLWLHVRILQWHJUDWLYHQHX
URSV\FKRORJLFDOFKDUDFWHULVWLFV,1&RIVXEFRUWLFRFRUWLFDOUHJLRQVPRUH
SURPLQHQWIRUVXEFRUWLFRIURQWDO]RQHVHVSHFLDOO\LQWKHOHIWKHPLVKHUH
7KHUH ZHUH WZR VLJQL¿FDQW S FRUUHODWLRQV EHWZHHQ VWUXFWXUDO DQG
IXQFWLRQDOSDUDPHWHUVRIVXEFRUWLFDOIURQWDOUHJLRQVEHWZHHQOHIW1/YRO
XPHDQG3/LQWKHOHIWIURQWDOOHDGU EHWZHHQOHIW1/YROXPH
DQG3$LQWKHOHIWIURQWDOOHDGU 
7KH VWUXFWXUH RI FRUUHODWLRQV VKRZHG WKH FRPELQDWLRQ RI FKDUDFWHULVWLFV
PDLQO\E\VWXGLHGOHYHOVRISDWKRJHQHVLV6LJQL¿FDQWFRPSOH[FOXVWHU
FRPSULVHGDOOVWXGLHGPRUSKRORJLFDOSDUDPHWHUVDQGVXEFRUWLFRIURQWDOUH
JLRQV,1&RIERWKKHPLVSKHUHVDVZHOODVDOORWKHUVXEFRUWLFRFRUWLFDO,1&
U 1RQVLJQL¿FDQWFRPSOH[FOXVWHULQFOXGHGDOOSDUDPHWHUVRIFOXVWHU
PHQWLRQHGDERYHDQGFKDUDFWHULVWLFVRI3/LQDOOOHDGVU 
&RQFOXVLRQV7KHUHVXOWVHPSKDVL]HWKHSHFXOLDULWLHVRIKLHUDUFKLFRUJDQL]D
WLRQRIPXOWLOHYHOPRUSKRIXQFWLRQDOV\VWHPVLQVFKL]RSKUHQLD7KHGDWD
FRQ¿UP WKH UROH RI VXEFRUWLFR IURQWDO EUDLQ UHJLRQV LQ SDWKRJHQHVLV RI
VFKL]RSKUHQLD7KH\DOVRVXSSRUWVLJQL¿FDQFHRIPRUSKRIXQFWLRQDOEUDLQ
DV\PPHWU\LQHWLRORJ\RIWKHGLVHDVH
039#(/4)#¬$)3/2$%23¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
32
/\PSKRF\WH&\WRORJ\$/LQNZLWK3RVLWLYH6FKL]RSKUHQLF
6\PSWRPV
'LDQD2UORYVND\D
0HQWDO+HDOWK5HVHDUFK&HQWHU5XVVLDQ)HGHUDWLRQ
3DYHO%RQDUWVHY0DUJDULWD0RURVRYD2OHJ%UXVRY
1DWDO\D8UDQRYD
2EMHFWLYHV5HSOLFDWHGLPPXQHDEQRUPDOLWLHVLQSDWLHQWVZLWKVFKL]RSKUHQLD
6=LQFOXGHGHFUHDVHRIFHOOXODUEUDQFKDQGSUHYDOHQFHRIKXPRUDOEUDQFK
RI LPPXQLW\ 7KH LQFUHDVHG SURGXFWLRQ RI DQWLERGLHV DJDLQVW PHPEUDQH
SKRVSKROLSLGV'1$P\HOLQEDVLFSURWHLQ LQFUHDVHGQXPEHURI DFWLYDWHG
O\PSKRF\WHV$/LQWKHFHUHEURVSLQDOÀXLGWKHSUHVHQFHRIDW\SLFDOO\P
SKRF\WHVO\PSKREODVWV/%KDYHEHHQUHSRUWHGLQ6=SDWLHQWV7KHGDWDDUH
LQOLQHZLWKDXWRLPPXQHDQGYLUDOK\SRWKHVHVRI6=7KHDLPRIWKHSUHVHQW
VWXG\ZDVWRYHULI\ZKHWKHUWKHUHODWLYHIUHTXHQF\RI$/DQG/%DQGWKHLU
XOWUDVWUXFWXUDOSDUDPHWHUVFRUUHODWHZLWKFOLQLFDOV\PSWRPVRI6=
0HWKRGVLQSDWLHQWVPDOHVDQGIHPDOHVDWHQWU\ZLWKSDUDQRLG6=
'60,9DQGKHDOWK\FRQWUROVZHUHXVHGIRUWKHVWXG\3V\FKRVLV
VHYHULW\ZDVDVVHVVHGE\3$166SV\FKRWLFFOXVWHU(OHFWURQPLFURVFRS\DQG
PRUSKRPHWU\ZHUHXVHGWRVWXG\$/DQG/%$/ZHUHLGHQWL¿HGE\WKHLUELJ
VL]HQXFOHXVF\WRSODVPUDWLRDQGZHOOGHYHORSHGF\WRSODVPFRQWDLQ
LQJDQGPRUHPLWRFKRQGULDSHUFURVVVHFWLRQDODUHDYDFXROHVO\VRVRPHV
HQGRSODVPLF UHWLFXOXP DQG *ROJL FRPSOH[ /% ZHUH LGHQWL¿HG DV ODUJH
O\PSKRF\WHVZLWKVSHFL¿F¿QHO\GLVSHUVHGQXFOHDUFKURPDWLQVWUXFWXUH7KH
SHUFHQWDJHRI$/DQG/%ZDVHVWLPDWHGDVDQXPEHUSHUO\PSKRF\WHV
9ROXPHIUDFWLRQ9YDQGQXPEHURIPLWRFKRQGULDDQG9YDQGQXPEHURI
O\VRVRPHVLQ$/DQG/%ZHUHHVWLPDWHGDVLQGLFDWRUVRIFHOOXODUPHWDEROLVP
DQGDFWLYLW\6WDWLVWLFDOFRUUHODWLRQVEHWZHHQPRUSKRPHWULFSDUDPHWHUVDQG
SV\FKRWLFV\PSWRPVZHUHPDGHXVLQJ*DPPDFRUUHODWLRQZLWK%RQIHUURQL
FRUUHFWLRQS
5HVXOWV 7KH SHUFHQWDJHV RI$/ DQG /%ZHUH VLJQL¿FDQWO\ KLJKHU LQ 6=
JURXSWKDQLQFRQWUROJURXSSDQGS9YRIPLWRFKRQGULDZDV
VLJQL¿FDQWO\ORZHULQ$/LQ6=JURXSWKDQLQFRQWUROVS7KHSHUFHQW
DJHRI/%9YRIO\VRVRPHVDQGWKHQXPEHURIO\VRVRPHVLQ/%SRVLWLYHO\
FRUUHODWHGZLWKGHOXVLRQV5 DQGUHVSHFWLYHO\DOOS
9YRIPLWRFKRQGULD LQ$/QHJDWLYHO\ FRUUHODWHGZLWKGHOXVLRQV 5 
S 9YRIO\VRVRPHVDQGWKHQXPEHURIO\VRVRPHVLQ/%SRVLWLYHO\
FRUUHODWHGZLWKKDOOXFLQDWLRQV5 S 9YRIPLWRFKRQGULDLQ$/
QHJDWLYHO\FRUUHODWHGZLWKIUHTXHQF\RI/%5 9YRIO\VRVRPHVLQ
/%5 DQGWKHQXPEHURIO\VRVRPHVLQ/%5 DOOS
&RQFOXVLRQV7KHGDWDVXJJHVWWKDWLQFUHDVHGIUHTXHQF\RI$/DQG/%PLJKW
WU\WRFRPSHQVDWHGH¿FLWRIPLWRFKRQGULDLQ$/6LQFHWKHGHFUHDVHRI9YRI
PLWRFKRQGULDLQROLJRGHQGURF\WHVDQGLQDVWURF\WHVKDVEHHQUHSRUWHGLQ6=
EUDLQO\PSKRF\WHPLJKWEHDFHOOXODUPRGHORIDOWHUHGEUDLQHQHUJ\PHWDER
OLVPLQ6=6XSSRUWHGIURPWKH6WDQOH\0HGLFDO5HVHDUFK,QVWLWXWH
32
3V\FKRVLVLQ6FKL]RSKUHQLD/LQNZLWK3ODWHOHW+70DUNHUV
(OHQD93DYORYD
0HQWDO+HDOWK5HVHDUFK&HQWHURI5$060RVFRZ5XVVLD
2OHJ6%UXVRY0DJQROLD,)DFWRU$OH[DQGHU''PLWULHY
0DUJDULWD$0RUR]RYD
2EMHFWLYHV 7KH ¿UVW DLP RI WKLV SDSHU LV WR H[DPLQH WKH SUHYDOHQFH RI
LQGLYLGXDOSV\FKRWLF V\PSWRPV LQSDWLHQWVZLWK VFKL]RSKUHQLD7RDFFRP
SOLVKWKLVDLPZHH[DPLQHGWKHUHODWLYHSUHYDOHQFHDQGIUHTXHQF\RIHLJKW
GLIIHUHQWSV\FKRWLFV\PSWRPVLQRXUZHOOGLDJQRVHGVDPSOHRISDWLHQWVZLWK
VFKL]RSKUHQLD7KH VHFRQGDLPRI WKHSDSHU LV WRH[DPLQHRI WKHSRVVLEOH
DVVRFLDWLRQRISODWHOHWVHURWRQHUJLFPDUNHUVRIVFKL]RSKUHQLDZLWK3$166
GHULYHGLQGLYLGXDOSV\FKRWLFV\PSWRPV
0HWKRGV 3DWLHQWV 1  ZLWK FKURQLF VFKL]RSKUHQLD '60,9 
ZHUHDVVHVVHGE\WKH3RVLWLYHDQG1HJDWLYH6\QGURPH6FDOH3ODWHOHWVHURW
RQLQFRQWHQWKLJKDQGORZPROHFXODUZHLJKWVHURWRQLQWUDQVSRUWHUSURWHLQ
LPPXQRUHDFWLYLW\ +0: DQG/0:±,56(57ZHUH DOVRPHDVXUHG7R
VWXG\WKHLPPXQRUHDFWLYHKXPDQSODWHOHWVHURWRQLQWUDQVSRUWHU,5K6(57
SURWHLQV ZH XVHG RXU VLWHVSHFL¿F PRQRFORQDO DQWLERGLHV P$EV &
P$EV&WRWKH&WHUPLQDOUHJLRQRIK6(57&7HSLWRSHDPLQRDFLG
UHVLGXHV7KHDQWLERGLHVZHUHSXUL¿HGE\DI¿QLW\FKURPDWRJUDSK\
DQGFRQMXJDWHGWRKRUVHUDGLVKSHUR[LGDVH+53DVGHVFULEHGE\XVHDUOLHU
'PLWULHYHWDO
5HVXOWV 7KH PRVW IUHTXHQWO\ SV\FKRWLF V\PSWRPV ZHUH GHOXVLRQV FRQ
FHSWXDO GLVRUJDQL]DWLRQ DQG KDOOXFLQDWLRQV DQG WKH PDMRULW\ RI SDWLHQWV
H[SHULHQFHGIURPRQHWRWKUHHV\PSWRPV7KHVLJQL¿FDQWLQFUHDVHRI+7
FRQWHQWV ZDV IRXQG 7KH SRVLWLYH VLJQL¿FDQW DVVRFLDWLRQV EHWZHHQ +7
FRQWHQWYVGHOXVLRQVDQGKDOOXFLQDWLRQV/0:,56(57LPPXQRUHDFWLYLW\
YV VXVSLFLRXVQHVV UDWLQJV ZHUH UHYHDOHG 7KHUH ZHUH WUHQG OHYHO S
QHJDWLYHDVVRFLDWLRQVEHWZHHQ+0:,56(57LPPXQRUHDFWLYLW\YVGHOX
VLRQVRU+0:,56(57LPPXQRUHDFWLYLW\YVFRQFHSWXDOGLVRUJDQL]DWLRQ
/0:,56(57LPPXQRUHDFWLYLW\YVGHOXVLRQVUDWLQJV
&RQFOXVLRQV7KHUHVXOWVDUHWKHDGGLWLRQDOHYLGHQFHRIWKHLQYROYHPHQWRI
VHURWRQHUJLF G\VIXQFWLRQV LQ WKH SDWKRJHQHVLV RI VFKL]RSKUHQLF SV\FKRVHV
DQGFRQ¿UPWKHXVHIXOQHVVWRWHVWSODWHOHW+7FRQWHQWDQGVHURWRQLQWUDQV
SRUWHULPPXQRUHDFWLYLW\DVDELRORJLFDOPDUNHURIVFKL]RSKUHQLD
5HIHUHQFHV
%ULHU $ %HUJ 3+  7KH SV\FKRVLV RI VFKL]RSKUHQLD SUHYDOHQFH
UHVSRQVHWRDW\SLFDODQWLGHSUHVVDQWVDQGSUHGLFWLRQRIRXWFRPH%LRO3V\
FKLDWU\
'PLWULHY$'3DYORYD(9)DFWRU0,6HJDO-/0DVVLQR<X6'REURKRWRY
,96PLUQRYD0%+ZXQ'(<DNRYOHYD'$.RO\DVNLQD*,%UXVRY26
$QDO\VLVRIVHURWRQLQWUDQVSRUWHULQKXPDQSODWHOHWVE\LPPXQREORW
WLQJXVLQJVLWHVSHFL¿FDQWLERGLHV%LRFKHPLVWU\0RVFRZ
6XSSRUWHGE\WKH6WDQOH\0HGLFDO5HVHDUFK,QVWLWXWH
32
1R(YLGHQFHIRU/LQNDJHEHWZHHQ&207DQG6FKL]RSKUHQLD
LQD*UHHN3RSXODWLRQ
*6RXUYLQRV
'HSDUWPHQWRI9LURORJ\0HGLFDO6FKRRO8QLYHUVLW\RI&UHWH
+HUDNOLRQ&UHWH*UHHFH
(5L]RV5/\PSRXULGRX'$6SDQGLGRV
6FKL]RSKUHQLDLVDFRPSOH[GLVRUGHUZLWKDSRO\JHQLFLQKHULWDQFH&DWHFKRO
2PHWK\OWUDQVIHUDVH&207FDWDO\]HVWKHWUDQVIHURIDPHWK\OJURXSIURP
6DGHQRV\OPHWKLRQLQH WR FDWHFKRODPLQHV LQFOXGLQJ WKH QHXURWUDQVPLWWHUV
GRSDPLQHHSLQHSKULQHDQGQRUHSLQHSKULQH7KLVPHWK\ODWLRQUHVXOWVLQRQH
RIWKHPDMRUGHJUDGDWLYHSDWKZD\VRIWKHFDWHFKRODPLQHWUDQVPLWWHUV6LQFH
&207KDVDFUXFLDOUROHLQWKHPHWDEROLVPRIGRSDPLQHLWZDVVXJJHVWHG
WKDW WKH FRPPRQ IXQFWLRQDO JHQHWLF SRO\PRUSKLVP LQ WKH &207 JHQH
ZKLFKUHVXOWVLQWKUHHWRIRXUIROGGLIIHUHQFHLQ&207HQ]\PHDFWLYLW\PD\
FRQWULEXWH WR WKH HWLRORJ\RI VFKL]RSKUHQLFGLVRUGHU7R DGGUHVV WKLV LVVXH
IXUWKHU ZH HYDOXDWHG WKH90&207 JHQRW\SH LQ  VFKL]RSKUHQLF
SDWLHQWVDQGKHDOWK\FRQWUROVZLWKLQD*UHHNSRSXODWLRQ'60,9GLDJ
QRVLVRIVFKL]RSKUHQLDZDVPDGHXVLQJWKH&RPSUHKHQVLYH$VVHVVPHQWRI
6\PSWRPVDQG+LVWRU\DQGDGGLWLRQDOLQIRUPDWLRQIURPPHGLFDOUHFRUGV1R
VWDWLVWLFDOO\VLJQL¿FDQWGLIIHUHQFHVZHUHIRXQGLQDOOHOHRUJHQRW\SHIUHTXHQ
FLHVEHWZHHQSDWLHQWDQGQRUPDOFRQWUROVXEMHFWVDOWKRXJKWKLVZDVDWUHQG
IRURYHUUHSUHVHQWDWLRQRIWKH9DODOOHOHLQVFKL]RSKUHQLDSDWLHQWVRGGVUDWLR
>25@ FRQ¿GHQFHLQWHUYDO>&,@ 2YHUDOOWKH&207
9DO0HWSRO\PRUSKLVPGLGQRWDSSHDUWREHVLJQL¿FDQWO\DVVRFLDWHGZLWK
VFKL]RSKUHQLD LQ D*UHHN SRSXODWLRQ IDLOLQJ WR FRQ¿UP SUHYLRXV SRVLWLYH
¿QGLQJV
32
7KH,QIOXHQFHRI1HXUROHSWLF7KHUDS\RQ42/LQ
6FKL]RSKUHQLF3DWLHQWV
6X]DQD7RVLF*ROXERYLF
3V\FKLDWU\&OLQLF1LV6HUELDDQG0RQWHQHJUR
'UDJRVODYD*XJOHWD1DGD'MRUGMHYLF
2EMHFWLYHV 5HGXFWLRQ RI WKH ÀRULG SV\FKRWLF V\PSWRPV DQG UHDFKLQJ RI
VWDEOH UHPLVVLRQDUHFHUWDLQO\ WKH UHVXOWVRIQHXUROHSWLF WKHUDS\RIVFKL]R
SKUHQLD1HYHUWKHOHVVLPSRUWDQWWUHDWPHQWJRDOLVDVVHVVPHQWRITXDOLW\RI
OLIHDVDVXEMHFWLYHSHUFHSWLRQRIOLIHVDWLVIDFWLRQ
0HWKRGV7KHDLPRIRXUVWXG\ZDVHYDOXDWLRQDQGFRPSDULQJTXDOLW\RIOLIH
DPRQJVFKL]RSKUHQLFSDWLHQWVZLWKRXWSURPLQHQWSV\FKRWLFV\PSWRPVZKR
ZHUHRQVHYHUDOPRQWKVQHXUROHSWLFWUHDWPHQWRQHJURXSZLWKW\SLFDO1 
DQGRWKHUZLWKDW\SLFDOQHXUROHSWLFVULVSHULGRQDQGFOR]DSLQH1 7KH
V\PSWRPVRIVFKL]RSKUHQLDZHUHHYDOXDWHGXVLQJ3$166&DOJDU\GHSUHV
039#(/4)#¬$)3/2$%23¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
VLRQVFDOHZKLOHTXDOLW\RIOLIHZDVHYDOXDWHGXVLQJTXDOLW\RIOLIHVFDOHLQ
VFKL]RSKUHQLD4/6DQG:+242/%ULHIYHUVLRQ
5HVXOWV %HWWHU TXDOLW\ RI OLIH ZDV DVVHVV DPRQJ \RXQJHU SDWLHQWV ZLWK
ORQJHU DQG VWDEOH UHPLVVLRQ SHULRGVZLWK EHWWHU FRPSOLDQFH WUHDWHGZLWK
DW\SLFDOQHXUROHSWLFVDQGDOVRZLWKEHWWHULQWHUSHUVRQDOVRFLDODQGRFFXSD
WLRQDOIXQFWLRQLQJ
&RQFOXVLRQV$GHTXDWH WUHDWPHQW RI FKURQLF DQG SURJUHVVLQJ LOOQHVV OLNH
VFK H[FHSW SUHYHQWLRQ RI UHODSVH DQG UHVRFLDOL]DWLRQ RI WKH SDWLHQWV KDYH
WRLQYROYHDEDWWOHIRUEHWWHUTXDOLW\RIOLIHSHUFHSWHGE\WKHVFKL]RSKUHQLF
SDWLHQWV
5HIHUHQFHV
.DWVKLQJ+6FKL]RSKUHQLDDQGTXDOLW\RIOLIH$FWD3V\FKLDWU6FDQG
VXSSO
$QJHUPD\HU0& +RO]LQJHU$ .LOLDQ 50DWVKLQJHU +  42/ DV
GH¿QHGE\VFKL]RSKUHQLFSDWLHQWVDQGSV\FKLDWULVW,QW-6RF3V\FKLDWU\

32
3RVWHU6HVVVLRQ1R
32
6WURQJO\5HGXFHG1XPEHURI1HXUHJXOLQ$OSKD([SUHVVLQJ
3UHIURQWDO*UD\DQG:KLWH0DWWHU1HXURQVLQ6FKL]RSKUHQLD
,ULV%HUWUDP
'HSW3V\FKLDWU\8QLYHUVLW\RI0DJGHEXUJ*HUPDQ\
+DQV*HUW%HUQVWHLQ8ZH/HQGHFNHO+HQULN'REURZROQ\
%HUQKDUG%RJHUW
2EMHFWLYHV 1XPHURXV VWXGLHV KDYH UHSRUWHG OLQNDJH EHWZHHQ WKH QHX
UHJXOLQ 15*JHQHDQGVFKL]RSKUHQLD ,Q WKHFHQWUDOQHUYRXV V\VWHP
&1615*SURWHLQVIXQFWLRQLQQHXURQDOPLJUDWLRQGLIIHUHQWLDWLRQDQG
VXUYLYDORIRORJRGHQGURF\WHV7KH15*JHQHFRGHIRUDWOHDVWGLIIHUHQW
LVRIRUPVZKLFKPD\EHFODVVL¿HGRQWKHEDVLVRIWKHLUPROHFXODUVWUXFWXUH
$OOLVRIRUPVFRQWDLQHLWKHUDQDOSKDRUDEHWDHSLGHUPDOJURZWKIDFWRUOLNH
GRPDLQZKLFKLQWHUDFWVZLWKWKHHUE%W\URVLQHNLQDVHVUHFHSWRUVWRDFWLYDWH
WKHP :KLOH EUDLQDVVRFLDWHG 15* EHWD IRUPV KDYH H[WHQVLYHO\ EHHQ
LQYHVWLJDWHGPXFKOHVV LVNQRZQDERXW WKHRFFXUUHQFHDQGGLVWULEXWLRQRI
15*DOSKDIRUPVLQWKHKXPDQ&167KLVKROGVSDUWLFXODUO\IRUDSRVVLEOH
UROHLQVFKL]RSKUHQLD
0HWKRGV6WXG\LQJWKHUHJLRQDOGLVWULXWLRQRI15*DOSKDFRQWDLQLQJQHX
URQVDQGWKHDPRXQWRISURWHLQLQVFKL]RSKUHQLFVDQGPDWFKHGFRQWUROV
E\ LPPXQRKLVWRFKHPLVWU\:HVWHUQ EORW DQDO\VLV DQG 3&5:H VKRZ WKDW
15*DOSKDLVZLGHO\GLVWULEXWHGLQQHXURQVRIKXPDQEUDLQDQGDOWHUHGLQ
VFKL]RSKUHQLD,QWKHKXPDQEUDLQWKLV15*LVRIRUPLVUHVWULFWHGWRDIHZ
FRUWLFDOQHXURQVDQGVRPHZKLWHPDWWHULQWHUVWLWLDOQHXURQV
5HVXOWV6WHUHRORJLFDODQDO\VLVRI WKHQXPEHURI15*DOSKDH[SUHVVLQJ
QHXURQVLQSRVWPRUWHPEUDLQVDQGHVWLPDWLRQRISURWHLQFRQWHQWUHYHDOHGD
GHFOLQH LQ15*DOSKD LQ VFKL]RSKUHQLFV LQ FRPSDULVRQ WR FRQWUROV7KH
QXPEHU RI SUHIURQWDO 15* DOSKD H[SUHVVLQJ QHXURQV ZDV VLJQL¿FDQWO\
UHGXFHGLQJUD\DQGZKLWHPDWWHUSUHIURQWDOFRUWH[)XUWKHUPRUHZHIRXQG
DQDOWHUHGSRVLWLRQRIWKHVHQHUYHFHOOV
&RQFOXVLRQV:HFRQFOXGHWKH15*DOSKDSOD\VDUROHLQKXPDQEUDLQGH
YHORSPHQWDQGLVLQYROYHGLQWKHSDWKRSK\VLRORJ\RIVFKL]RSKUHQLD$SRV
VLEOHHIIHFWRIPHGLFDWLRQRQWKH15*DOSKDH[SUHVVLRQLVFXUUHQWO\XQGHU
LQYHVWLJDWLRQ)LQDQFLDOVXSSUW3URJUDP1%/RI%09)RI*HUPDQ\DQG
6WDQOH\)RXQGDWLRQ
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$VVHVVPHQWRI&HUHEUDO3HUIXVLRQLQ6FKL]RSKUHQLD$
0DJQHWLF5HVRQDQFH,PDJLQJ6WXG\
3DROR%UDPELOOD
'HSDUWPHQWRI3DWKRORJ\DQG([SHULPHQWDO	&OLQLFDO0HGL
FLQH6HFWLRQRI3V\FKLDWU\8QLYHUVLW\RI8GLQH8GLQH,WDO\
9HURQD8GLQH%UDLQ,PDJLQJ3URJUDP,QWHU8QLYHUVLW\&HQWHUIRU
%HKDYLRUDO1HXURVFLHQFHV,WDO\
1$QGUHRQH/3HOL]]D0%HOODQL5&HULQL3)DUDFH
*5DPEDOGHOOL*0DUUHOOD$*DVSDULQL$9HUVDFH&%DUEXL
01RVq.7RXUQLNLRWL07DQVHOOD
2EMHFWLYHV %UDLQ DWURSK\ KDV FRQVLVWHQWO\ EHHQ REVHUYHG LQ VFKL]RSKUH
QLD UHSUHVHQWLQJD µJURVV¶HYLGHQFHRIDQDWRPLFDODEQRUPDOLWLHV&HUHEUDO
SHUIXVLRQDOWHUDWLRQVPD\DFFRPSDQ\EUDLQYROXPHWULFGHFUHPHQWLQVFKL]R
SKUHQLD,QWKLVVWXG\ZHQRQLQYDVLYHO\LQYHVWLJDWHGFHUHEUDOEORRGYROXPH
&%9LQVFKL]RSKUHQLDZLWKSHUIXVLRQZHLJKWHGLPDJLQJ3:,
0HWKRGV 3:, LPDJHVZHUH REWDLQHG XVLQJ JDGROLQLXP IRU '60,9
VFKL]RSKUHQLD SDWLHQWV PHDQ DJH6'  \HDUV PDOHV 
IHPDOHV DQG  QRUPDO FRQWUROV PHDQ DJH6'  \HDUV 
PDOHV IHPDOHVZLWKDQ76LHPHQVPDJQHW 75 PV7( PV
VOLFH WKLFNQHVV PP 7KH FRQWUDVW RI HQKDQFHPHQW &( D TXDQWLWDWLYH
SDUDPHWHUHVWLPDWLQJWKH&%9ZHUHFDOFXODWHGDVWKHUDWLRRIWKHPD[LPXP
VLJQDOLQWHQVLW\GURSGXULQJWKHSDVVDJHRIFRQWUDVWEROXV6PE\WKHEDVH
OLQHSUHEROXVVLJQDOLQWHQVLW\6R&( 6P6RJLYHQDVDSHUFHQWDJH
IRUULJKWDQGOHIWKHPLVSKHUH
5HVXOWV&RPSDUHG WRQRUPDOFRQWUROVVFKL]RSKUHQLDSDWLHQWVKDGVLJQL¿
FDQWO\ORZHU&(YDOXHVS IRUERWKKHPLVSKHUHVS DQGLQYHUVH
KHPLVSKHUH&(DV\PPHWU\PHDVXUHVS 
&RQFOXVLRQV2XU¿QGLQJVVXJJHVWDEQRUPDOO\ UHGXFHGEUDLQSHUIXVLRQ LQ
VFKL]RSKUHQLD +\SRWKHWLFDOO\ FKURQLF FHUHEUDO K\SRSHUIXVLRQPD\ DIIHFW
QHXUDO IXQFWLRQ XOWLPDWHO\ UHVXOWLQJ LQ QHXURSV\FKRORJLFDO LPSDLUPHQWV
DQGEUDLQDWURSK\$OVRSDWLHQWVKDGLQYHUVHFHUHEUDOSHUIXVLRQDV\PPHWU\
ZKLFKPD\EHDQLPSRUWDQWIDFWRULQEUDLQGHYHORSPHQWLQVFKL]RSKUHQLD
32
7KH(IIHFWRIU706RQ7UHDWPHQW5HIUDFWRU\$XGLWRU\
+DOOXFLQDWLRQV5HYHDOHGE\3(7DQG/25(7$QDO\VLV
0DUWLQ%UXQRYVNê
3UDJXH3V\FKLDWULF&HQWUH&]HFK5HSXEOLF
-LUL+RUDFHN0LORVODY.RSHFHN)LOLS6SDQLHO7RPDV1RYDN
2EMHFWLYHV$OPRVW±RIKDOOXFLQDWLQJSDWLHQWVZLWKVFKL]RSKUHQLD
DUHUHIUDFWRU\WRDQWLSV\FKRWLFGUXJVKRZHYHUZLWKSHUVLVWHQWDVVRFLDWHGGLV
WUHVVDQGIXQFWLRQDOGLVDELOLW\5HSHWLWLYHWUDQVFUDQLDOPDJQHWLFVWLPXODWLRQ
U706LVDQRYHOWUHDWPHQWIRUPHQWDOGLVRUGHUVDQGUHFHQWO\LWZDVUHSRUWHG
WKDWVORZU706GLPLQLVKHVWUHDWPHQWUHVLVWDQWDXGLWRU\KDOOXFLQDWLRQV7KH
DLPRIWKLVVWXG\ZDVWRHYDOXDWHWKHHIIHFWRIU706RQWKHOHIWWHPSR
URSDULHWDOFRUWH[LQWUHDWPHQWRIUHIUDFWRU\DXGLWRU\KDOOXFLQDWLRQVE\PHDQV
RI/RZUHVROXWLRQEUDLQHOHFWURPDJQHWLFWRPRJUDSK\/25(7$DQGWR
YHULI\/25(7$QHXURSK\VLRORJLFDOUHVXOWVE\PHDQVRISRVLWURQHPLVVLRQ
WRPRJUDSK\3(7
0HWKRGV (OHYHQ VFKL]RSKUHQLF SDWLHQWVZLWK WUHDWPHQWUHVLVWDQW DXGLWRU\
KDOOXFLQDWLRQVUHFHLYHG+]U706VHVVLRQVRIPLQXWHVRI
PRWRU WKUHVKROG DSSOLHG EHWZHHQ WKH7 DQG 3 UHJLRQVZLWK WKH DLG RI
WKH HOHFWURHQFHSKDORJUDSK\ ± LQWHUQDWLRQDO V\VWHP 6\PSWRPV ZHUH
HYDOXDWHG XVLQJ WKH &OLQLFDO *OREDO ,PSUHVVLRQ &*, VFDOH WKH 3RVLWLYH
DQG1HJDWLYH6\PSWRPV6FDOH 3$166 DQG$XGLWRU\+DOOXFLQDWLRQ5DW
LQJ 6FDOH $+56 %HIRUH DQG DIWHU U706   GD\V WKH SDWLHQWV ZHUH
LQYHVWLJDWHGE\PHDQVRIÀXRURGHR[\JOXFRVH )'*3(7DQG((*
7KH ' LQWUDFHUHEUDO GLVWULEXWLRQ RI QHXURQDO HOHFWULFDO DFWLYLW\ FXUUHQW
GHQVLW\ IURP WKH VFDOSUHFRUGHG SRWHQWLDO GLVWULEXWLRQZDV DVVHVVHGZLWK
/25(7$ZKLFKFRPSXWHVFXUUHQWGHQVLW\DWHDFKYR[HOLQWKHEUDLQDVWKH
OLQHDUZHLJKWHGVXPRIWKHVFDOSHOHFWULFSRWHQWLDOV7KH'VROXWLRQVSDFH
LVUHVWULFWHGWRWKHFRUWLFDOJUD\PDWWHUDQGKLSSRFDPSXVLQWKH7DODLUDFK$W
ODV7KLVDSSURDFKDOORZVWKHGLVFULPLQDWLRQEHWZHHQGLVWLQFWEUDLQHOHFWULFDO
SDWWHUQVUHÀHFWLQJLQKLELWRU\RUH[FLWDWRU\DFWLYLW\
5HVXOWV7KHUHZDVVLJQL¿FDQWLPSURYHPHQWRQ&*,3$1663$1663DQG
$+56VFDOHVZLWKWKHPRVWSURQRXQFHGHIIHFWRQORXGQHVVRIWKHKDOOXFLQD
WLRQVDQGGLVWUHVVOHYHOS7KHDQDO\VLVRISUHDQGSRVWU706/2
039#(/4)#¬$)3/2$%23¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
5(7$VUHYHDOHGVHYHUDOSDWWHUQVLQFUHDVHRILQKLELWRU\DFWLYLW\FXUUHQW
GHQVLWLHVLQGHOWDIUHTXHQF\EDQGLQOHIWVXSHULRUWHPSRUDOJ\UXV%URGPDQQ
DUHDLQFUHDVHRIH[FLWDWRU\DFWLYLW\LQULJKWPHGLDOIURQWDOJ\UXVDQG
LQFUHDVHRIH[FLWDWRU\SURFHVVHVFXUUHQWGHQVLWLHVLQEHWDIUHTXHQF\EDQG
LQULJKWVXSHULRUDQGPHGLDOWHPSRUDOJ\UXV9HU\VLPLODUSDWHUQVZHUHIRXQG
E\PHDQVRI3(7DQDO\VLVZLWKVLJQL¿FDQWFRUUHODWLRQEHWZHHQERWK3(7
DQG/25(7$UHVXOWV
&RQFOXVLRQV2XU VWXG\ FRQ¿UPHG WKH HI¿FLHQF\RI ORZIUHTXHQF\ U706
DSSOLHGWRWKHOHIWWHPSRURSDULHWDOFRUWH[LQUHGXFWLRQRIWUHDWPHQWUHVLVWDQW
DXGLWRU\ KDOOXFLQDWLRQV UHYHDOHG E\/25(7$ DQDO\VLV7KH ¿QGLQJVZHUH
LQJRRGDJUHHPHQWZLWK3(7UHVXOWVDQGVWXG\WKXVFRQ¿UPHGUHOLDELOLW\RI
/25(7$PHWKRG
7KLVZRUNZDVVXSSRUWHGE\WKH0607&5SURMHFW0
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,PPXQH6\VWHPLQ6FKL]RSKUHQLD,QIOXHQFHRI7KHUDS\ZLWK
2ODQ]DSLQH
*DOLQD,.RO\DVNLQD
0HQWDO+HDOWK5HVHDUFK&HQWHURI5$060RVFRZ5XVVLD
0DUJDULWD$0RUR]RYD
2EMHFWLYHV 7KH SXUSRVH RI WKH SUHVHQW UHVHDUFK ZDV WR HVWLPDWH WKH
IXQFWLRQVRI WZREDVLF FRPSDUWPHQWV RI LPPXQH V\VWHPRI VFKL]RSKUHQLF
SDWLHQWVEHIRUHDQGLQFRXUVHRI WUHDWPHQWZLWKRODQ]DSLQHXVLQJWKHEDVLF
SDUDPHWHUVRIFHOOXODUDQGKXPRUDOEUDQFKHVRILPPXQLW\
0HWKRGV 3DWLHQWV 1  ZLWK FKURQLF VFKL]RSKUHQLD '60,9 
ZHUH DVVHVVHG LQ FRXUVH RI ZHHNV RI PRQRWKHUDS\ ZLWK RODQ]DSLQH
3KDJRF\WLF DFWLYLW\ RI QHXWURSKLOV DQG PRQRF\WHV F\WRWR[RF DFWLYLW\ RI
O\PSKRF\WHV QDWXUDO NLOOHUV LQWHUOHXNLQ LQWHUOHXNLQ DQG LQWHUIHURQ
SURGXFWLRQFLUFXODWLQJLPPXQHFRPSOH[HV&,&DQGFDUGLROLSLQDQWLERGLHV
LQWKHEORRGVHUXPZHUHHVWLPDWHGDWEDVHOLQHDIWHUZHHNVRIWKHWUHDWPHQW
DFXWHSHULRGDQGDIWHUZHHNVRIWKHWUHDWPHQWHQGSRLQW
5HVXOWV,WKDVEHHQVKRZQWKDWWKHSURSRUWLRQRISKDJRF\WLQJEORRGFHOOV
DPRQJFRUUHVSRQGLQJFHOOVLQSDWLHQWVZDVFRQVLGHUDEO\SUHGXFHG
LQ FRPSDULVRQZLWK FRQWUROV7KH ORZSHUFHQW RI SKDJRF\WRVLV LQ SDWLHQWV
ZDV DFFRPSDQLHG E\ WKH LQFUHDVH RI DELOLW\ RI HDFK FHOO WR DEVRUE ODWH[
SDUWLFOHVLHLQFUHDVHRISKDJRF\WLQJLQGH[7KHOHYHORIF\WRWR[LFDFWLYLW\
RIO\PSKRF\WHVQDWXUDONLOOHUV1.LQSDWLHQWVZDVVLJQL¿FDQWO\S
ORZHU WRR7KH ORZ OHYHO RI D SKDJRF\WLQJ FHOOV SURSRUWLRQ DQG F\WRWR[LF
DFWLYLW\RI1.ZDVPDLQWDLQHGIRUZHHNVSHULRGRIWKHUDS\7KHUHZDV
WKHFRQWUROOHYHORI,/ȕSURGXFWLRQLQSDWLHQWVDWEDVHOLQH$IWHUZHHNV
RIWKHWKHUDS\WKHOHYHORI,/ȕSURGXFWLRQVLJQL¿FDQWO\SLQFUHDVHG
DQGUHPDLQHGKLJKHUIRUWKHUHVWSHULRGRIWKHUDS\,WZDVGLIIHUHGQRWRQO\
IURPDFRQWUROOHYHORISURGXFWLRQF\WRNLQHEXWIURPWKHOHYHOLQSDWLHQWVDW
EDVHOLQH7KH OHYHO RI ,/ ,/ DQG LQWHUIHURQSURGXFWLRQ LQSDWLHQWV
DW EDVHOLQH DQG LQ FRXUVHRI WKH WUHDWPHQWZDV VLJQL¿FDQWO\ ORZHU WKDQ LQ
KHDOWK\LQGLYLGXDOV6LJQL¿FDQWLQFUHDVHRI&,&DQGWUHQGOHYHOSRI
LQFUHDVHRIFDUGLROLSLQDQWLERGLHVLQWKHEORRGVHUXPRISDWLHQWVDWEDVHOLQH
ZDVIRXQG$IWHUDFXWHSHULRGRI WKHUDS\WKHPHDQ&,&OHYHOVLJQL¿FDQWO\
UHGXFHGFRPSDUHGWRWKHEDVHOLQHYDOXH+RZHYHULWZDVQRWFKDQJHGIURP
FRQWUROYDOXH7KHORZOHYHORIWKH&,&ZDVPDLQWDLQHGXSWRWKHHQGRIWKH
WUHDWPHQW
&RQFOXVLRQV &KDQJHV LQ KXPRUDO EUDQFK RI LPPXQH V\VWHP LQFUHDVH
RI &,& DQG FDUGLROLSLQ DQWLERGLHV ZHUH SUREDEO\ DVVRFLDWHG ZLWK DFXWH
VWDJHRILOOQHVVDQGZHUHJUDGXDOO\GLVDSSHDUHGLQFRXUVHRIWKHWUHDWPHQW
&KDQJHV LQ D FHOOXODU EUDQFK RI LPPXQH V\VWHP SKDJRF\WLQJ DFWLYLW\ RI
QHXWKURSKLOV DQGPRQRF\WHV F\WRWR[LF DFWLYLW\RI O\PSKRF\WHV1. ,/
,/DQG LQWHUIHURQSURGXFWLRQZHUH VLJQL¿FDQWO\H[SUHVVHG LQFRXUVH
RIWKHWUHDWPHQW7KHOHYHORI,/ȕSURGXFWLRQLQVFKL]RSKUHQLDZDVKLJKHU
ERWKDWEDVHOLQHDQGIRUWKHSHULRGRIWUHDWPHQWFRPSDUHGZLWKFRQWUROV
6XSSRUWHGE\WKH6WDQOH\0HGLFDO5HVHDUFK,QVWLWXWH
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&KDUDFWHUL]LQJWKH5HPLWWHG3DWLHQWZLWK6FKL]RSKUHQLD
$OLFH/H[
-DQVVHQ0HGLFDO$IIDLUV//&6SDLQ
5REHUW/DVVHU&\QWKLD%RVVLH<RXQJ=KX*HRUJHV*KDUDEDZL
2EMHFWLYHV 7KH 5HPLVVLRQ LQ 6FKL]RSKUHQLD :RUNLQJ *URXS SURSRVHG
VWDQGDUG UHPLVVLRQ FULWHULD FRPSRQHQWV  V\PSWRPVHYHULW\ DQG WLPH WR
HYDOXDWHORQJWHUPRXWFRPHV$QGUHDVHQHWDOLQSUHVV$SUHYLRXVUHSRUW
DSSOLHGWKHVHFULWHULD WRDGDWDEDVHDQGLGHQWL¿HGDSRSXODWLRQRIUHPLWWHG
SDWLHQWV7KLVDQDO\VLVIXUWKHUFKDUDFWHUL]HVWKRVHUHPLWWHGSDWLHQWV
0HWKRGV,QDZHHNRSHQODEHOWULDOVWDEOHSDWLHQWVZLWKVFKL]RSKUHQLD
VFKL]RDIIHFWLYHGLVRUGHUUHFHLYHGORQJDFWLQJLQMHFWDEOHULVSHULGRQHHYHU\
ZHHNV5HPLVVLRQFULWHULDZHUHDSSOLHG3$166 >DEVHQW@WR>PLOG@RQ
FRUHV\PSWRPVPRQWKVDEVHQWDWEDVHOLQH3$166SDWLHQWUDWHGPHQWDO
KHDOWKVWDWXV6)DQG'UXJ$WWLWXGH,QYHQWRU\'$,ZHUHPHDVXUHG
5HVXOWV$PRQJSDWLHQWVZKRDFKLHYHGUHPLVVLRQPHDQVFRUHVIRUHDFK
RI WKH3$166LWHPVZHUHUDWHGDVDEVHQW WRPLQLPDOPLOGDWHQGSRLQW
$Q³LQWHUSHUVRQDO´FOXVWHURILWHPVLQFOXGLQJVRFLDOHPRWLRQDOZLWKGUDZDO
EOXQWHGDIIHFWVRFLDODYRLGDQFHUHSUHVHQWHGWKRVHLWHPVUDWHGWKHKLJKHVW
DOWKRXJKPHDQLWHPUDWLQJVZHUHHDFKRQO\PLQLPDOPLOG5HPLWWHGSDWLHQWV
H[SHULHQFHG VXEVWDQWLDO LPSURYHPHQWV LQ VHOIUDWHG PHQWDO KHDOWK VWDWXV
6)ZLWKDVLJQL¿FDQWLPSURYHPHQWLQPHDQ'$,VFRUHDWHQGSRLQW3

&RQFOXVLRQV 5HPLWWHG SDWLHQWV KDG YHU\ ORZ V\PSWRP UDWLQJV DQG VLJ
QL¿FDQWLPSURYHPHQWVLQSDWLHQWUDWHGGUXJDWWLWXGHDQGKHDOWKVWDWXV7KHVH
¿QGLQJVZDUUDQWIXUWKHUVWXG\DQGPD\SURYLGHLPSRUWDQWQHZLQIRUPDWLRQ
RQWKHFRXUVHRIUHPLVVLRQLQVFKL]RSKUHQLD
5HIHUHQFHV
$QGUHDVHQ1&&DUSHQWHU:.DQH-0HWDO5HPLVVLRQLQVFKL]RSKUHQLD
SURSRVHGFULWHULDDQGUDWLRQDOHIRUFRQVHQVXV$P-3V\FKLDWU\,QSUHVV
)OHLVFKKDFNHU::(HUGHNHQV0.DUFKHU. HW DO7UHDWPHQW RI VFKL]R
SKUHQLDZLWKORQJDFWLQJLQMHFWDEOHULVSHULGRQHDPRQWKRSHQODEHOWULDO
RI WKH¿UVW ORQJDFWLQJ VHFRQGJHQHUDWLRQDQWLSV\FKRWLF -&OLQ3V\FKLDWU\
±
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&RPSDUDWLYH5DWHVRI5HKRVSLWDOL]DWLRQDPRQJ6FKL]RSKUHQLF
3DWLHQWV'LVFKDUJHGRQ7\SLFDO$QWLSV\FKRWLFV&OR]DSLQHRU
5LVSHULGRQHLQ7DLZDQ
&KLQJ+XD/LQ
.DL6XDQ3V\FKLDWULF+RVSLWDO.DRKVLXQJ7DLZDQ
0LQJ&KDR&KHQ6KLK&KL/LQ6KLQJ<DZ:DQJ
2EMHFWLYHV:HFRPSDUHG WKH UHKRVSLWDOL]DWLRQ UDWHVRI VFKL]RSKUHQLFSD
WLHQWVZKRZHUHGLVFKDUJHGZKLOHWDNLQJW\SLFDODQWLSV\FKRWLFVFOR]DSLQH
RU ULVSHULGRQH 2WKHU SRVVLEOH SUHGLFWRUV RI UHKRVSLWDOL]DWLRQ ZHUH DOVR
DVVHVVHG
0HWKRGV7KHVWXG\PRQLWRUHGWKHUHKRVSLWDOL]DWLRQVWDWXVRIDOOWKHVFKL]R
SKUHQLF SDWLHQWVZKRZHUH GLVFKDUJHG EHWZHHQ -XO   DQG -XQ 
ZKLOHUHFHLYLQJW\SLFDODQWLSV\FKRWLFV1 FOR]DSLQH1 RU
ULVSHULGRQH1 5HDGPLVVLRQZHUH WUDFNHGRYHUD\HDUSHULRGXVLQJ
WKH .DSODQ0HLHU PHWKRG 5LVN IDFWRUV DVVRFLDWHG ZLWK UHKRVSLWDOL]DWLRQ
ZHUHH[DPLQHGE\WKH&R[SURSRUWLRQDOKD]DUGVUHJUHVVLRQPRGHO
5HVXOWV 1R VLJQL¿FDQW GLIIHUHQFHV LQ WKH UHKRVSLWDOL]DWLRQ UDWHV ZHUH
REVHUYHGDPRQJ WKHJURXSV LQ WKHVWRUQG\HDUDIWHUGLVFKDUJH7KHDJH
DW RQVHW RI VFKL]RSKUHQLD ZDV D ULVN IDFWRU IRU UHKRVSLWDOL]DWLRQ RYHU WKH
RQH\HDUDQGWZR\HDUSHULRGV
&RQFOXVLRQV7KLVVWXG\GHPRQVWUDWHGWKDWDW\SLFDODQWLSV\FKRWLFVGLGQRW
GHFUHDVH WKH UHKRVSLWDOL]DWLRQ UDWHV6RPHRWKHU IDFWRUV WKRXJKW WR LPSDFW
UHDGPLVVLRQQHHGWREHIXUWKHUDVVD\HG
5HIHUHQFHV
:HLGHQ3-2OIVRQ0 &RVW RI UHODSVH LQ VFKL]RSKUHQLD 6FKL]RSKU
%XOO
&VHUQDQVN\ -* 6FKXFKDUW (.  5HODSVH DQG UHKRVSLWDOLVDWLRQ UDWHV
LQSDWLHQWVZLWKVFKL]RSKUHQLDHIIHFWVRIVHFRQGJHQHUDWLRQDQWLSV\FKRWLFV
&16'UXJV
&RQOH\55/RYH5&.HOO\'/%DUWNR--5HKRVSLWDOL]DWLRQUDWHVRI
SDWLHQWVUHFHQWO\GLVFKDUJHGRQDUHJLPHQRIULVSHULGRQHRUFOR]DSLQH$P-
3V\FKLDWU\
039#(/4)#¬$)3/2$%23¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
'H /LVL /(  7KH VLJQL¿FDQFH RI DJH DW RQVHW IRU VFKL]RSKUHQLD
6FKL]RSKU%XOO
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&RPSOH[,P51$([SUHVVLRQ±D3HULSKHUDO0DUNHURI
6FKL]RSKUHQLD"
&ODXGLD0HKOHU:H[
'HSRI&KLOGDQG$GROHVFHQW3V\FKLDWU\8QLYHUVLW\RI:XHU]EXUJ
*HUPDQ\
-&'XYLJQHDX57+DUWO'%HQ6KDFKDU$:DUQNH
0*HUODFK
$LPV 6FKL]RSKUHQLD LV RQH RI WKH PRVW VHYHUH SV\FKLDWULF GLVRUGHUV
+RZHYHU GLDJQRVLV LV EDVHG RQ V\PSWRPDWLF DVSHFWV RQO\ 7KHUHIRUH LW
ZRXOGEHLPSRUWDQWWRGHYHORSDVSHFL¿FELRORJLFDOWHVWIRUHDUO\GLDJQRVLV
GLIIHUHQWLDOGLDJQRVLVDQGIROORZXS3UHYLRXVVWXGLHVLQDGXOWVVXJJHVWHG
WKH'UHFHSWRUP51$RQEORRGO\PSKRF\WHVDQGWKHSODWHOHWPLWRFKRQGULDO
FRPSOH[,H[SUHVVLRQDQGDFWLYLW\DVSRWHQWLDOSHULSKHUDOPDUNHUVRIVFKL]R
SKUHQLD ,Q WKH SUHVHQW VWXG\ZH DVVHVVHG WKHP51$ H[SUHVVLRQ RI WKHVH
SDUDPHWHUVLQWKHSHULSKHUDOEORRGFHOOVRIWKHUDUHSRSXODWLRQRIHDUO\RQVHW
VFKL]RSKUHQLFSDWLHQWV
0HWKRGV¿UVWRQVHWPHGLFDWLRQQDLYHVFKL]RSKUHQLFFKLOGDQGDGROHV
FHQW LQSDWLHQWV ,&''60,9 DJH    \HDUV ZHUH UHFUXLWHG
+HDOWK\FRQWUROVZHUHPDWFKHGIRUDJHDQGJHQGHUPOEORRGZHUHGUDZQ
HYHU\ZHHNVP51$H[SUHVVLRQZDVTXDQWL¿HGE\UHDOWLPH3&56WDWLVWL
FDODQDO\VLVZDVSHUIRUPHGE\0DQQ:KLWQH\DQG:LOFR[RQ7HVW
5HVXOWV&RPSDUHGWRFRQWUROVDVLJQL¿FDQWLQFUHDVHRIWKHN'DVXEXQLW
H[SUHVVLRQRIWKHPLWRFKRQGULDOFRPSOH[,ZDVGHWHFWHGLQSHULSKHUDOEORRG
FHOOVRIVFKL]RSKUHQLFSDWLHQWV7KH'UHFHSWRUP51$ZDVQRWWUDFHDEOHLQ
RXU\RXQJSDWLHQWV7KHUHZHUHQRFKDQJHVGXULQJWKHIRXUPRQWKVIROORZ
XSLQYHVWLJDWLRQV1HXUROHSWLFPHGLFDWLRQGLGQRWLQWHUIHUHZLWKWKHPDUNHUV¶
H[SUHVVLRQ
&RQFOXVLRQV2XUUHVXOWVFRQ¿UPWKHGDWDRISUHYLRXVVWXGLHVRQDGXOWVFKL]
RSKUHQLFV VXJJHVWLQJ WKHSODWHOHWPLWRFKRQGULDO FRPSOH[ , DV DQ LQKHUHQW
SHULSKHUDOPDUNHURIVFKL]RSKUHQLD)XUWKHUVWXGLHVDUHZDUUDQWHGWRLQYHVWL
JDWHFKDQJHVLQWKHORQJWHUPFRXUVHRIWKHGLVHDVHDQGWRH[DPLQHZKHWKHU
WKHDOWHUDWLRQVLQFRPSOH[,REVHUYHGLQEORRGFHOOVUHÀHFWEUDLQPLWRFKRQ
GULDOFRPSOH[VWDWXVLQVFKL]RSKUHQLDRUFRQVWLWXWHDV\VWHPLFSKHQRPHQRQ
LQGXFHGE\RWKHUSDWKRORJLFDOIDFWRUVDVVRFLDWHGZLWKVFKL]RSKUHQLD
5HIHUHQFHV
,ODQL7HWDO31$6
'URU1HWDO0RO3V\FKLDWU\
%HQ6KDFKDU'HWDO,QW-1HXURSV\FKRSKDUPDFRO
32
$YROLWLRQ6\PSWRP'LPHQVLRQVDQG6HYHULW\RI6FKL]RSKUHQLD
-DYDG0RDPDw
3LHUUH-DQHW+RVSLWDO*DWLQHDX4XHEHF&DQDGD
'HQLV%RLVYHUW
2EMHFWLYHV :KLOH DYROLWLRQ KDYH EHHQ UHJDUGHG DV FRUH SDUW RI VFKL]R
SKUHQLD VLQFH.UDHSHOLQ¶VHDUO\FRQFHSWXDOL]DWLRQ LWV UHODWLRQVKLS WRRWKHU
FOLQLFDO FKDUDFWHULVWLFV RI WKH GLVHDVH KDV QRW EHHQ V\VWHPDWLFDOO\ VWXGLHG
7KH SXUSRVH RI WKLV FURVVVHFWLRQDO VWXG\ZDV WRPHDVXUH WKH SUHYDOHQFH
RI DYROLWLRQ LQQRZDGD\V VFKL]RSKUHQLD DQG LWV UHODWLRQ WRRWKHU V\PSWRP
GLPHQVLRQVDQGVHYHULW\RI,OOQHVV
0HWKRGV7KHVDPSOHFRQVLVWVRI3$1663RVLWLYHDQG1HJDWLYH6\QGURPH
6FDOHDQG&*, &OLQLFDO*OREDO ,PSUHVVLRQVFDOHHYDOXDWLRQVRIFRQ
VHFXWLYH VFKL]RSKUHQLF SDWLHQWV GLDJQRVHG DFFRUGLQJ WR '60,9 FULWHULD
ZKR SDUWLFLSDWHG LQ WKH RQJRLQJ FOLQLFDO WULDOV &RPSRVLWH VFRUHV ZHUH
JHQHUDWHGIRUSRVLWLYHQHJDWLYHDQGPL[HGV\PSWRPGLPHQVLRQVDFFRUGLQJ
WR.D\¶VGHVFULSWLRQV3DUWLDOFRUUHODWLRQVZHUHFRPSXWHGZLWKVHYHULW\RI
3$166YROLWLRQLWHP
5HVXOWV:H IRXQG WKDW  RI RXU VDPSOH H[KLELWHGPRGHUDWH WR VHYHUH
DYROLWLRQ$YROLWLRQZDVVLJQL¿FDQWO\FRUUHODWHGZLWKWKHQHJDWLYHV\PSWRP
GLPHQVLRQEXWZDVQRWFRUUHODWHGZLWKWKHSRVLWLYHRUPL[HGV\PSWRPGL
PHQVLRQV$YROLWLRQZDVPRUHKLJKO\DVVRFLDWHGZLWKVHYHULW\RI,OOQHVVWKDQ
ZHUH V\PSWRP GLPHQVLRQV 7KH DVVRFLDWLRQ RI DYROLWLRQ ZLWK VHYHULW\ RI
,OOQHVVUHPLQGHGDIWHUFRQWUROOLQJIRUWKHSUHVHQFHRIQHJDWLYHV\PSWRPV
&RQFOXVLRQV,QVSLWHRILWVOLPLWDWLRQWKLVVWXG\VXJJHVWVWKDWDYROLWLRQGRHV
QRWDSSHDUWRFRUUHODWHZLWKSV\FKRWLFIHDWXUHRIVFKL]RSKUHQLD)XWXUHZRUN
PXVWH[DPLQHLWVUHODWLRQVKLSWRFOLQLFDOO\UHOHYDQWFRQFHSWVVXFKDVXQGHU
OLQJSV\FKRSDWKRORJ\RUVSHFL¿FHWLRORJ\RIWKHLOOQHVV
32
1HXURSV\FKRORJLFDOFKDUDFWHULVWLFVRI6XEFRUWLFR)URQWDO
%UDLQ5HJLRQV)XQFWLRQLQ6FKL]RSKUHQLD&OLQLFDO7UDLWVDQG
*HQHWLF'HWHUPLQDWLRQV
(OHQD6ROHQRYD
0HQWDO+HDOWK5HVHDUFK&HQWUH5$065XVVLD
PDLOWRVROHHOHQD#\DQGH[UX
9HUD2UORYD1LQD7VKHUEDNRYD1DWDOLD.RUVDNRYD
7DWLDQD6DYLQD1LQD9RVNUHVHQVND\D7DWLDQD*DQLVKHYD
(OHQD)HGRURYD7DWLDQD6RORNKLQD
2EMHFWLYHV 7KHUH LV VRPH HYLGHQFH RI QHXURSV\FKRORJLFDO GH¿FLW DV LQ
SDWLHQWVZLWKVFKL]RSKUHQLDDVLQWKHLUUHODWLYHVWKDWPD\UHÀHFWWKHWUDLWVRI
QHXURSV\FKRORJLFDOHQGRSKHQRW\SHRIWKHGLVHDVH
0HWKRGV 1HXURSV\FKRORJLFDO FKDUDFWHULVWLFV RI VXEFRUWLFRIURQWDO EUDLQ
UHJLRQVIXQFWLRQZHUHLQYHVWLJDWHGLQVXEMHFWVSDWLHQWVZLWKVFKL]R
SKUHQLD  VLEOLQJV  SDUHQWV DQG  FRQWUROV 1HXURSV\FKRORJLFDO
PHWKRGVRI/XULDCVVFKRROZHUHXVHG)RUWKHHVWDEOLVKPHQWRIKHULWDELOLW\
FRHI¿FLHQWV+&RIQHXURSV\FKRORJLFDOSDUDPHWHUVOLVWVTXDUHPHWKRGZDV
XVHGVDPSOH±IDPLOLHV1HXURSV\FKRORJLFDOVLJQVZHUHDOVRDVVHVVHGE\
ELVHULDOFRHI¿FLHQWVRIFRUUHODWLRQVZLWKOLDELOLW\WRVFKL]RSKUHQLD%&&/6
RQ EDVH RI VWDQGDUG VWDWLVWLFDO GDWD LQ WKH JURXSV RI SDWLHQWV DQG FRQWURO
JURXSDVZHOODVVFKL]RSKUHQLDUDWHLQSRSXODWLRQVDPSOH±SDWLHQWVDQG
FRQWUROV
5HVXOWV%RWKLQSDWLHQWVDQGWKHLUUHODWLYHVDVFRPSDUHGZLWKFRQWUROVWKH
GHFUHDVH RI WKH OHYHO RI YROXQWDU\ UHJXODWLRQ RI WKH PQHVWLF DFWLYLW\ DQG
GLI¿FXOWLHV LQ FRPSOH[ SURJUDPPHG DFWLYLW\ GH¿FLW RI YHUEDO DQG ORJLF
YHUEDOWKLQNLQJDQGDWWHQWLRQZHUHHVWDEOLVKHG$EQRUPDOLWLHVRISUD[LVZDV
REWDLQHGDVG\QDPLFDQGNLQHVWKHWLFDSUD[LD5HYHDOHGDEQRUPDOLWLHVZHUH
PRUHSURQRXQFHGLQSDWLHQWV7KH\FKDUDFWHUL]HGWKHIXQFWLRQRIVXEFRUWLFR
IURQWDO UHJLRQVRIERWKKHPLVSKHUHVEXWZHUHPRUH VHYHUH LQ WKH OHIWRQH
,PSDFW RI JHQHWLF IDFWRUV PHGLXP ±  KLJK ± PRUH +& LQ
YDULDELOLW\RIVWXG\QHXURSV\FKRORJLFDOFKDUDFWHULVWLFVZDVPRUHVLJQL¿FDQW
IRUWKHSDUDPHWHUVRIWKHOHIWKHPLVSKHUHSDUDPHWHUVRIPHPRU\DWWHQWLRQ
SUD[LV6LJQL¿FDQW VOLJKWFRUUHODWLRQVZLWK OLDELOLW\ WR VFKL]RSKUHQLDZHUH
HVWDEOLVKHGIRUPHPRU\DQGSUD[LVFKDUDFWHULVWLFVRIOHIW%&&/6DQG
 FRUUHVSRQGLQJO\ DQG ULJKW %&&/6  DQG  FRUUHVSRQGLQJO\
KHPLVSKHUHV
&RQFOXVLRQV7KH¿QGLQJVVKRZHGWKDWQHXURSV\FKRORJLFDOFKDUDFWHULVWLFV
RIVXEFRUWLFRIURQWDOEUDLQUHJLRQVFDQEHFRQVLGHUHGDVWKHPDUNHUVRIOL
DELOLW\WRVFKL]RSKUHQLDZKLFKDUHDVVRFLDWHGZLWKJHQHWLFIDFWRUV7KH\DUH
DOVRFRQVLVWHQWZLWKWKHFRQFHSWWKDWWKHSUHGLVSRVLWLRQWRVFKL]RSKUHQLDLV
UHODWHGWRWKHJHQHWLFPHFKDQLVPVGHWHUPLQLQJFHUHEUDODV\PPHWU\
5HIHUHQFHV
)DUDRQH69 6HLGPDQ/-.UHPHQ:6 HW DO1HXURSV\FKRORJLFDO IXQF
WLRQLQJDPRQJWKHQRQSV\FKRWLFUHODWLYHVRIVFKL]RSKUHQLFSDWLHQWVD\HDU
IROORZXSVWXG\-$EQRUP3V\FKRO91SS
7RXORSRXORX70RUULV 5*5DEH+HVNHWK 6 HW DOO  6HOHFWLYLW\ RI
YHUEDOPHPRU\ GH¿FLW LQ VFKL]RSKUHQLF SDWLHQWV DQG WKHLU UHODWLYHV$P-
0HG*HQHW1HXURSV\FKLDWU*HQHW%SS
2UORYD9$7VKHUEDNRYD13.RUVDNRYD1.HWDOO1HXURSV\FKR
ORJLFDOFKDUDFWHULVWLFVRIFRUWLFDODQGVXEFRUWLFDO]RQHVRIWKHKXPDQEUDLQDV
PXOWLGLPHQVLRQDOJHQHWLFULVNIDFWRUVRIVFKL]RSKUHQLD+XPDQ3K\VLRORJ\
91SS
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3V\FKRSDWKRORJLFDO'LPHQVLRQVLQ3V\FKRVHV
:LOOHP9HUKRHYHQ
8QLYHUVLW\0HGLFDO&HQWUH(UDVPXV5RWWHUGDP1HWKHUODQGV
)HUU\:LMHUV)UDQNYDQGHU+HLMGHQ6LHJIULHG7XLQLHU
2EMHFWLYHV 7KH VLJQL¿FDQFH RI GLDJQRVLV LQ SV\FKLDWU\ GHSHQGV RQ LWV
SXUSRVH 7KLV FDQ EH HLWKHU DGPLQLVWUDWLYH WUHDWPHQW DQG SURJQRVLV RU
UHVHDUFKRULHQWHG7KHFOLQLFDOXVHIXOQHVVRIDGLDJQRVWLFVFKHPHLVUHODWHG
039#(/4)#¬$)3/2$%23¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
WRLWVDELOLW\WRSURYLGHLQIRUPDWLRQDERXWWUHDWPHQWDQGQHHGIRUFDUH$Q
DSSURDFKEDVHGRQV\PSWRPVKDVEHHQSURYHQWREHPRUHYDOXDEOHWKDQD
FDWHJRULFDOGLDJQRVLV,QDGGLWLRQLWKDVEHHQGHPRQVWUDWHGWKDWQRWGLVHDVH
VSHFL¿FIDFWRUVVXFKDVFRSLQJLQVLJKWDQGSUHPRUELGDGDSWLYHIXQFWLRQLQJ
DUH VWURQJO\ UHODWHG WR SURJQRVLV DQGRXWFRPH$ IXUWKHU¿QGLQJZDV WKDW
GLPHQVLRQDOUHSUHVHQWDWLRQVRISV\FKRSDWKRORJLFDOIHDWXUHVDUHFRQVLGHUDEOH
PRUHXVHIXOWKDQFDWHJRULFDOUHSUHVHQWDWLRQVDVSUHGLFWRUVRILOOQHVVFRXUVH
DQG WUHDWPHQW GHFLVLRQV:LWK UHVSHFW WR SXWDWLYH ELRFKHPLFDO SUHGLFWRUV
LWKDVEHHQVKRZQWKDWSODVPDOHYHOVRIWKHDPLQRDFLGJOXWDPDWHDUHFRU
UHODWHGZLWKWKHQHJDWLYHV\PSWRPGLPHQVLRQ
0HWKRGV ,Q RUGHU WR LPSURYH WKH WUHDWPHQW DOJRULWKP IRU SV\FKRVHV DOO
FRQVHFXWLYHO\DGPLWWHGSDWLHQWV WRDODUJHSV\FKLDWULFKRVSLWDOZHUHHYDOX
DWHG XVLQJ D SRO\GLDJQRVWLF SURFHGXUH WKDW LQFOXGHV WKH &$6+ 3$166
&35623&5,7DQGWKH%XVK)UDQFLV&DWDWRQLD6FDOH,QWKLVORQJODVWLQJ
SURMHFWDVDPSOHRISDWLHQWVZLWKDQDFXWHHSLVRGHRIWKHLUSV\FKRWLFGLV
RUGHULVVRIDULQFOXGHG)DFWRUDQDO\VLVZLOOEHDSSOLHGLQRUGHUWRLGHQWLI\
GLPHQVLRQVRIV\PSWRPDWRORJ\WKDWDUHUHOHYDQWIRUGLVDELOLW\DQGQHHGIRU
FDUH3DWLHQWVDUHIROORZHGIRUWR\HDUVDQGWKHLUIXQFWLRQDOVWDWXVDVZHOO
DVWKHXVHRIVHUYLFHVLVDVVHVVHG
5HVXOWV,QWKH¿UVWVDPSOHRISDWLHQWVDQLQYHUVHFRUUHODWLRQEHWZHHQ
JOXWDPDWH DQG QHJDWLYH V\PSWRPV DQG DQ DVVRFLDWLRQZLWK SRRU UHVSRQVH
WR DW\SLFDO DQWLSV\FKRWLFVZHUH IRXQG 3UHOLPLQDU\ GDWD RQ SURJQRVWLFDOO\
UHOHYDQWV\PSWRPFOXVWHUVZLOOEHSUHVHQWHG
&RQFOXVLRQV6\QGURPHVPD\EHEHWWHUSUHGLFWRUVRIRXWFRPHDQGWUHDWPHQW
WKDQFDWHJRULHV$UHODWLRQVKLSZLWKELRFKHPLFDOSDUDPHWHUVPD\IXUWKHUDGG
WRSURJQRVWLFDVVHVVPHQW
5HIHUHQFHV
9DQGHU+HLMGHQ)00$)HNNHV'7XLQLHU66LMEHQ$6.DKQ569HUKR
HYHQ:0$$W\SLFDODQWLSV\FKRWLFVDQGWKHUHOHYDQFHRIJOXWDPDWH
DQGVHURWRQLQ(XU1HXURSV\FKRSKDUPDFRO
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*HQHWLF'LVRUGHUVDQG3V\FKRVHV
:LOOHP9HUKRHYHQ
8QLYHUVLW\0HGLFDO&HQWUH(UDVPXV5RWWHUGDP1HWKHUODQGV
6LHJIULHG7XLQLHU
2EMHFWLYHV6HYHUDOJHQHWLFV\QGURPHVPD\EHDFFRPSDQLHGZLWKSV\FKL
DWULFV\PSWRPDWRORJ\3V\FKRWLFGLVRUGHUVKDYHEHHQGHVFULEHGLQRYHURQH
KXQGUHGGLIIHUHQW V\QGURPHVPRVWRIWHQDVFDVH UHSRUWV&ODVVL¿FDWLRQRI
WKHVHGLVRUGHUVDFFRUGLQJWRWKHFXUUHQWWD[RQRPLHVLVQHLWKHUIHDVLEOHQRU
XVHIXO7ZRV\QGURPHVDUHIUHTXHQWO\DVVRFLDWHGZLWKSV\FKRWLFSKHQRPHQD
DIWHU DGROHVFHQFH 3UDGHU:LOOL V\QGURPH 3:6 DQG 9HOR&DUGLR)DFLDO
6\QGURPH9&)6,QWKLVSUHVHQWDWLRQWKHSV\FKRSDWKRORJLFDOSKHQRW\SH
RIWKHVHJHQHWLFGLVRUGHUVZLOOEHGHVFULEHG
0HWKRGV7ZHQW\¿YHSDWLHQWVZLWK9&6)DQGSDWLHQWVZLWK3:6ZHUH
UHIHUUHGIRUSV\FKLDWULFFRQVXOWDWLRQEHFDXVHRIWKHHPHUJHQFHRISV\FKRWLF
V\PSWRPV'DWDRQWKHSV\FKRSDWKRORJLFDOSUR¿OHZHUHFROOHFWHGE\XVLQJ
WKH HOHPHQWV IURP WKH &356 DQG WKH$EHUUDQW %HKDYLRXU &KHFNOLVW DQG
WHQWDWLYH,&'GLDJQRVHVZHUHIRUPXODWHG
5HVXOWV,Q3:6SDWLHQWVWKHJHQHWLFHWLRORJ\ZDVDSDWHUQDOGHOHWLRQLQ
SDWLHQWVDQGDQXQLSDUHQWDOGLVRP\83'LQSDWLHQWV,QJHQHWLFVZHUH
FRQ¿UPHGZLWKRXWVSHFL¿FDWLRQDQGLQDFOLQLFDOGLDJQRVLVZDVPDGH,QDOO
9&)6SDWLHQWVJHQHWLFVZHUHFRQ¿UPHGZLWK),6+DQDO\VLV
7KH SV\FKLDWULF SUR¿OH LQ 9&)6 FRXOG EH FKDUDFWHULVHG E\ DQ[LHWLHV
SDUDQRLGLGHDWLRQDIIHFWLYHLQVWDELOLW\FRPSXOVLYHULWXDOVKDOOXFLQDWRU\H[
SHULHQFHVODFNRIHPRWLRQDOUHFLSURFLW\IDLOLQJWRV\PEROL]HDQGLPSDLUHG
DEVWUDFW UHDVRQLQJ1RGH¿FLW V\PSWRPVZHUHSUHVHQW ,Q3:6SV\FKRWLF
V\PSWRPV KDG D VXEDFXWH RQVHW0RVW SURPLQHQWZHUHPRRG VZLQJV DQG
DQ[LHWLHV LQFUHDVH RI REVHVVLYH ULWXDOV FRQIXVLRQ SDUDQRLG LGHDWLRQ DQG
DXGLWRU\KDOOXFLQDWLRQV3V\FKRWLFH[DFHUEDWLRQVHPHUJHGLQWKHFRQWH[WRID
ORQJODVWLQJDIIHFWLYHLQVWDELOLW\
&RQFOXVLRQV 7KH V\PSWRPSUR¿OH LQ 9&)6 GRHV QRW UHVHPEOH WKDW RI
VFKL]RSKUHQLDEXWUHSUHVHQWVDGLVWLQFWSV\FKRSDWKRORJLFDOSKHQRW\SH7KH
DFXWHDQGUHODSVLQJSV\FKRWLFHSLVRGHVLQ3:6PHHWWKH,&'FULWHULDIRU
F\FORLGSV\FKRVLVEXWVKRXOGEHUHJDUGHGDVDQDW\SLFDOELSRODUGLVRUGHU7KH
DVVRFLDWLRQZLWKWKH83'HWLRORJ\LVUHPDUNDEOH
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$W\SLFDO3V\FKRVHV$&OLQLFDO6WXG\
:LOOHP9HUKRHYHQ
8QLYHUVLW\0HGLFDO&HQWUH(UDVPXV5RWWHUGDP1HWKHUODQGV
)UDQNYDQGHU+HLMGHQ5HQH.DKQ6LHJIULHG7XLQLHU
2EMHFWLYHV ,Q WKHSUHVHQW VWXG\ WKHSUHYDOHQFHRI F\FORLGSV\FKRVHV DQG
FDWDWRQLF V\PSWRPV LV LQYHVWLJDWHG LQ D JURXS RI FRQVHFXWLYHO\ DGPLWWHG
SDWLHQWVZLWKDUHODSVHRISV\FKRWLFV\PSWRPV%RWKFDWDWRQLDDQGF\FORLG
SV\FKRVLVDUHQRWLQFOXGHGLQWKH'60,9
0HWKRGV ,QDOOSDWLHQWVDFRPSUHKHQVLYHGLDJQRVWLFDVVHVVPHQWZDVSHU
IRUPHG XVLQJ WKH &RPSUHKHQVLYH$VVHVVPHQW RI 6\PSWRPV DQG +LVWRU\
&$6+ZLWK VXEVHTXHQW FODVVL¿FDWLRQ DFFRUGLQJ WR'60,9 ,Q DGGLWLRQ
WKHFULWHULDIRUF\FORLGSV\FKRVHVDVIRUPXODWHGE\3HUULVDQG%URFNLQJWRQ
WKH,&'FULWHULDIRU$FXWH3RO\PRUSKLF3V\FKRWLF'LVRUGHUDQGWKHGH
VFULSWLRQVE\/HRQKDUGZHUHDSSOLHGDVZHOODVWKH%XVK)UDQFLV&DWDWRQLD
5DWLQJ6FDOH$WRWDORISV\FKRWLFSDWLHQWVZHUHLQFOXGHGRYHUDSHULRG
RI\HDURIZKRPFRXOGEHIXOO\HYDOXDWHG
5HVXOWV 7KH SUHYDOHQFH RI F\FORLG SV\FKRVLV DSSHDUHG WR EH ZKLOH
IRUFDWDWRQLDDSHUFHQWDJHRIZDVIRXQG$OWKRXJKWKHF\FORLGSV\FKRVLV
DFFRUGLQJWRWKH3HUULVDQG%URFNLQJWRQFULWHULDVKRZHGVRPHRYHUODSZLWK
WKH,&'FDWHJRU\RI$FXWH3RO\PRUSKRXV3V\FKRWLF'LVRUGHUDQGZLWK
WKH %ULHI 3V\FKRWLF 'LVRUGHU IURP WKH '60,9 WKHVH GLDJQRVHV DUH E\
QR PHDQV LGHQWLFDO &DWDWRQLF V\PSWRPV RFFXUUHG LQ D EURDG YDULHW\ RI
'60GLDJQRVHVVXFKDVVFKL]RSKUHQLDVFKL]RDIIHFWLYHGLVRUGHUGHSUHVVLYH
GLVRUGHUVDQGELSRODUGLVRUGHUV&DWDWRQLFV\PSWRPVDVUDWHGZLWKWKH%XVK
)UDQFLV&DWDWRQLD6FDOHVKRZHGDELPRGDOGLVWULEXWLRQZKLFKVXJJHVWVWKDW
FDWDWRQLDFDQEHFRQVLGHUHGDVDVHSDUDWHGLDJQRVWLFHQWLW\
&RQFOXVLRQV ,I UHOHYDQW V\PSWRPV DQG VLJQV DUH UHFRJQL]HG F\FORLG
SV\FKRVHV DV ZHOO DV FDWDWRQLD FDQ EH GLDJQRVHG 7KH QRVRORJLFDO VWDWXV
RI F\FORLGSV\FKRVHV LVQRW LQIHULRU WR WKDWRI WKH IXQFWLRQDOSV\FKRVHV LQ
WKH '60 'HOLQHDWLRQ RI WKHVH GLVRUGHUV LV RI FOLQLFDO LPSRUWDQFH VLQFH
FDWDWRQLDUHTXLUHVDVSHFL¿FWUHDWPHQWDQGF\FORLGSV\FKRVHVDUHFKDUDFWHU
LVHGE\DKLJKUDWHRIUHODSVHVLQWKHDEVHQFHRIWKHGHYHORSPHQWRIGH¿FLW
V\PSWRPV
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'LHWDU\6XJDUDQG38)$3UHGLFW6FKL]RSKUHQLD6\PSWRPV
&DUROLQH6WRNHV
'RQFDVWHUDQG6RXWK+XPEHU+HDOWKFDUH1+67UXVW8.
0DOFROP3HHW
2EMHFWLYHV7KHPDLQREMHFWLYHRIWKLVVWXG\ZDVWRDVVHVVZKHWKHUDSRV
VLEOHUHODWLRQVKLSH[LVWVEHWZHHQGLHWDU\VXJDUFRQVXPSWLRQDQGWKHVHYHULW\
RIVFKL]RSKUHQLDV\PSWRPV$VHFRQGDU\REMHFWLYHH[DPLQHGZKHWKHURWKHU
QXWULHQWVVLJQL¿FDQWO\LQÀXHQFHVFKL]RSKUHQLFV\PSWRPDWRORJ\
0HWKRGV7KHGLHWVRIPHGLFDWHGVFKL]RSKUHQLFVZHUHDVVHVVHGWKURXJK
WKHFRPSOHWLRQRIDVHYHQGD\ZHLJKHGGLHWDU\LQWDNHUHFRUGDQGDQDO\VHG
XVLQJWKH1(7:,63FRPSXWHUSDFNDJH7KH%ULHI3V\FKLDWULF5DWLQJ6FDOH
%356 DVVHVVHG WKH VXEMHFWV¶ V\PSWRPV VHYHULW\$OO WKH GDWD ZDV WKHQ
VWDWLVWLFDOO\DQDO\VHG WRGHWHUPLQHDQ\SRVVLEOH UHODWLRQVKLSVEHWZHHQGLHW
DQGV\PSWRPVHYHULW\
5HVXOWV7KHHIIHFWRIPHGLFDWLRQVHHPV WRKDYHFRQIRXQGHGDVLJQL¿FDQW
QHJDWLYH FRUUHODWLRQ U   S   EHWZHHQ GLHWDU\ VXJDU FRQVXPS
WLRQDQGWKHVHYHULW\RIV\PSWRPVRIVFKL]RSKUHQLD$VXEVWDQWLDOO\KLJKHU
FRQVXPSWLRQ RI VXJDU ZDV REVHUYHG LQ SDWLHQWV WDNLQJ WKH DQWLSV\FKRWLF
GUXJ&OR]DSLQHDVFRPSDUHGWRSDWLHQWV WDNLQJRWKHUDQWLSV\FKRWLFDJHQWV
JGD\YHUVXVS 7KHSDWLHQWVRQ&OR]DSLQHDOVR
KDGOHVVVHYHUHV\PSWRPVRIVFKL]RSKUHQLD1RIXUWKHUDVVRFLDWLRQEHWZHHQ
GLHWDU\YDULDEOHVDQG&OR]DSLQHWUHDWPHQWZHUHIRXQG$VHFRQGDU\DQDO\VLV
UHYHDOHGDFRUUHODWLRQEHWZHHQGLHWDU\SRO\XQVDWXUDWHGIDWW\DFLGLQWDNHDQG
VFKL]RSKUHQLFV\PSWRPVHYHULW\U S LQGHSHQGHQWRIWKHW\SH
RIPHGLFDWLRQ
&RQFOXVLRQV ,W DSSHDUV WKDW SDWLHQWV WDNLQJ&OR]DSLQH KDYH FRQVLGHUDEO\
KLJKHUVXJDUFRQVXPSWLRQWKDQSDWLHQWVRQRWKHUDQWLSV\FKRWLFDJHQWV7KLV
¿QGLQJKDVVLJQL¿FDQWLPSOLFDWLRQVVLQFHQXPHURXVUHSRUWVVXJJHVW&OR]D
SLQHWREHDVVRFLDWHGZLWKWKHGHYHORSPHQWRIGLDEHWHV)XUWKHUPRUHVXJDU
FRQVXPSWLRQZDVQRWPHDVXUHGEHIRUHWKHLQLWLDWLRQRI&OR]DSLQHWKHUHIRUH
LW UHPDLQV XQFHUWDLQZKHWKHU WKH&OR]DSLQH WUHDWPHQW VWLPXODWHG WKH KLJK
VXJDUFRQVXPSWLRQRUZKHWKHULWZDVSUHVHQWEHIRUHWKHLQLWLDWLRQRI&OR]D
039#(/4)#¬$)3/2$%23¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
SLQH$SURVSHFWLYHVWXG\PHDVXULQJGLHWDU\VXJDULQWDNHEHIRUH&OR]DSLQH
WUHDWPHQWLVUHTXLUHGWRDQVZHUWKLV
5HIHUHQFHV
3HHW0,QWHUQDWLRQDOYDULDWLRQVLQWKHRXWFRPHRIVFKL]RSKUHQLDDQG
WKH SUHYDOHQFH RI GHSUHVVLRQ LQ UHODWLRQ WR QDWLRQDO GLHWDU\ SUDFWLFHV DQ
HFRORJLFDODQDO\VLV%ULWLVK-RXUQDORI3V\FKLDWU\
3HHW0(VVHQWLDOIDWW\DFLGVWKHRUHWLFDODVSHFWVDQGWUHDWPHQWLPSOL
FDWLRQVIRUVFKL]RSKUHQLDDQGGHSUHVVLRQ$GYDQFHVLQSV\FKLDWULFWUHDWPHQW
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6WXG\RI(PRWLRQDO,QIRUPDWLRQ7UHDWPHQWLQ6FKL]RSKUHQLF
3DWLHQWV
)ORUHQFH7KLEDXW
'HSDUWPHQWRISV\FKLDWU\5RXHQ8QLYHUVLW\+RVSLWDODQG/H
5RXYUD\+RVSLWDO,16(5085RXHQ)UDQFH
$WWDOOD1&]HUQHFNL9'XERLV%)RXOGULQ*
2EMHFWLYHV (PRWLRQDO DQG GHFLVLRQDO GLVRUGHUV DUH LPSRUWDQW V\PSWRPV
LQVFKL]RSKUHQLD,QWKHUHFHQW\HDUVQHXURSV\FKRORJLFDOVWXGLHVKDYHVXJ
JHVWHG WKDW HPRWLRQDO SURFHVVHV FRXOG LQÀXHQFH FRJQLWLYH IXQFWLRQV 7KH
VRPDWLFPDUNHU K\SRWKHVLV 'DPDVLR HW DO DVVXPHV WKDW HPRWLRQDO SURF
HVVHV LQÀXHQFH GHFLVLRQPDNLQJ%UDLQLPDJLQJ H[SHULPHQWV VWXGLHV KDYH
SURYLGHGWKDWWKHVHFRJQLWLYHIXQFWLRQVKDYHHVVHQWLDOO\EHHQSURFHVVHGE\
IURQWDO FRUWH[ DP\JGDOD DQG FLQJXODU FRUWH[ ,Q VFKL]RSKUHQLD G\VIXQF
WLRQV RI VRPDWLF PDUNHU V\VWHP FRXOG H[SODLQ HPRWLRQDO DQG GHFLVLRQDO
DEQRUPDOLWLHV
0HWKRGV:HKDYHH[DPLQHG LQWHUIHUHQFHRIHPRWLRQDO LQIRUPDWLRQ WUHDW
PHQW RQ GHFLVLRQ PDNLQJ LQ VFKL]RSKUHQLF SDWLHQWV XVLQJ WKH HPRWLRQDO
VWURRS WHVW  VFKL]RSKUHQLF SDWLHQWV '60 ,9 FULWHULD DQG PDWFKHG
FRQWUROV KDYH EHHQ LQFOXGHG 7KH SXUSRVH RI HPRWLRQDO VWURRS WHVW LV WR
TXLFNO\ LGHQWLI\ WKHFRORXURIDFKDUDFWHU VHOHFWHGDPRQJ OLVWV V\PERO
SRVLWLYHDQGQHJDWLYHHPRWLRQDOZRUGVDQGQHXWUDOZRUGV7KHHPRWLRQDO
LQWHUIHUHQFH KDV EHHQ DVVHVVHG E\ FRPSDULVRQ RI DYHUDJH WLPH ODWHQW UH
VSRQVHV
5HVXOWV,QWKHOLVWVWKHDYHUDJHWLPHODWHQWUHVSRQVHVZHUHLQFUHDVHGLQ
VFKL]RSKUHQLFSDWLHQWVDVFRPSDUHGWRFRQWUROVS7KHVHUHVXOWVFRXOG
EHOLQNHGWRIURQWDOG\VIXQFWLRQVRUWUHDWPHQWVLGHHIIHFWV,QVFKL]RSKUHQLF
SDWLHQWVWKHDYHUDJHWLPHODWHQWUHVSRQVHVZHUHPRUHLQFUHDVHGIRUSRVLWLYH
DQG QHJDWLYH HPRWLRQDO ZRUGV WKDQ QHXWUDO ZRUGV DQG V\PEROV S
6DPHUHVXOWVZHUHEHHQIRXQGLQFRQWUROV,QVFKL]RSKUHQLFSRSXODWLRQWKHUH
ZDVQRHIIHFWRIDJHDWRQVHWDJHDWLQWHUYLHZJHQGHU'60FDWHJRUL]DWLRQ
3$166HYDOXDWLRQRUWUHDWPHQWFODVVLFDOQHXUROHSWLFYVDW\SLFDOV
&RQFOXVLRQV(PRWLRQDOVWURRSWHVWGLGQRWSHUPLWWRLGHQWLI\WKHLQÀXHQFH
RIHPRWLRQDOLQWHUIHUHQFHVRQGHFLVLRQPDNLQJLQVFKL]RSKUHQLF
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2[LGDWLYH6WUHVVLQ3DWLHQWVZLWK5HVLGXDO6FKL]RSKUHQLDLQ
7UHDWPHQWZLWK$W\SLFDO$QWLSV\FKRWLF
6WDQLVODY7HURYVN\
0HQWDO+HDOWK5HVHDUFK,QVWLWXWH7RPVN5XVVLD
9DOHQWLQD3RWDQLQD
2EMHFWLYHV2QHRIWKHIDFWRUVWULJJHULQJPHQWDOGLVRUGHUVLVDFWLYDWLRQRI
WKHSURFHVVHVRISHUR[LGHR[LGDWLRQRIOLSLGVDQGSURWHLQV,QVFKL]RSKUHQLD
FRQGLWLRQVDUHFUHDWHGIRULQWHQVHJHQHUDWLRQRIUDGLFDOSURGXFWVLQFUHDVHRI
R[LGDWLYHGHVWUXFWLRQRISURWHLQVZKDWOHDGVWRGLVWXUEDQFHRIWKHVWUXFWXUH
DQGIXQFWLRQRIFHOOXODUPHPEUDQHV7KHEDVLFWDUJHWRIWKHSHUR[LGHR[L
GDWLRQDUHOLSLGVDQGWKLROJURXSLQJVRIIXQFWLRQDODQGVWUXFWXUDOSURWHLQVRI
SODVPDWLFPHPEUDQHVDQGWKHEDVLFSURWHFWLRQ±SODVPDRIEORRG7UHDWPHQW
ZLWKDW\SLFDODQWLSV\FKRWLF³6HURTXHO´KDVJLYHQSRVLWLYHFOLQLFDOUHVXOWV,W
LVRI UHOHYDQFH WR LQYHVWLJDWH WKH OHYHORIR[LGDWLYH VWUHVV DQGDQWLR[LGDQW
SURSHUWLHVSODVPDRIEORRGLQWKHSURFHVVRIWUHDWPHQW
0HWKRGVSDWLHQWVZHUHH[DPLQHGEHIRUHDQGDIWHU WKH WKHUDS\FRXUVH
RIWKHWUHDWPHQWGD\VDQGKHDOWK\GRQRUV7KHIROORZLQJELRFKHPLFDO
PHWKRGRORJLHV ZHUH DSSOLHG LGHQWL¿FDWLRQ RI WKLREDUELWXULF DFLG UHDFWLYH
VXEVWDQFHV7%$56LQHU\WKURF\WHVLQGXFHGELROXPLQHVFHQFHRISODVPDRI
EORRGOHYHORISURWHLQDQWLR[LGDQWSURWHFWLRQRISODVPDRIEORRG
5HVXOWV ,Q SDWLHQWV LQFUHDVH RI WKH FRQWHQW RI 7%$56 LQ HU\WKURF\WHV
PFPROO ZDV REVHUYHG LQ FRQWURO JURXS PFPROO 7KH
LQGXFHGELROXPLQHVFHQFHLQFUHDVHGWLPHVPRUH7KHSURWHLQ¶VDQWLR[LGDQW
SURWHFWLRQRISODVPDRIEORRGZDVVLJQL¿FDQWO\GHFUHDVHG%\WKHGD\D
UHREVHUYDWLRQRI SDWLHQWV KDV EHHQ FDUULHGRXW&RQWHQW RIPDORQHGLDOGH
K\GHGHFUHDVHGXS WRPFPROO&RQGLWLRQRIDQWLR[LGDWLYHV\VWHPV
UHPDLQHGZLWKRXWFKDQJHV
&RQFOXVLRQV ,Q WUHDWPHQW RI SDWLHQWV ZLWK UHVLGXDO VFKL]RSKUHQLD ZLWK
DW\SLFDO DQWLSV\FKRWLF ³6HURTXHO´ WKH OHYHO RI R[LGDWLYH VWUHVV GHFUHDVHG
DQGRIDQWLR[LGDQWSURWHFWLRQUHPDLQHGORZ,WLVOLNHO\WREHDVVRFLDWHGZLWK
VHYHULW\RIWKHGLVHDVHDQGLUUHYHUVLEOHGLVWXUEDQFHV
5HIHUHQFHV3ULOLSNR//3URFHVVHVRISHUR[LGHR[LGDWLRQRIOLSLGVDVRQH
RIWKHIDFWRUVRIPRGL¿FDWLRQRIPHPEUDQHERXQGSURWHLQVRIQHUYRXVFHOOV
LQ VFKL]RSKUHQLD //3ULOLSNR/LGHUPDQ *HUDOGRI5$06FL ±
±1R±S
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3RVWHU6HVVLRQ1R
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7KH3DWWHUQVRI3KDUPDFRWKHUDS\LQ,QSDWLHQWZLWK
6FKL]RSKUHQLDEHWZHHQDQG
:RQ0\RQJ%DKN
'HSDUWPHQWRI3V\FKLDWU\6W0DU\¶V+RVSLWDO7KH&DWKROLF
8QLYHUVLW\RI.RUHD6HRXO.RUHD
:RQ.LP-HRQJ+R&KDH7DH<RXQ-XQ.ZDQJ6RR.LP
2EMHFWLYHV8SWRUHFHQWO\WKHVWDQGDUGSKDUPDFRWKHUDS\RIVFKL]RSKUHQLD
KDVEHHQPRQRWKHUDS\XVHRIRQHDQWLSV\FKRWLFPHGLFDWLRQ%XWVLQFHVHY
HUDODW\SLFDODQWLSV\FKRWLFVZHUHGHYHORSHGWKHFRQFHUQDERXWVLGHHIIHFWV
VXEVWDQWLDOO\ GHFUHDVHG DQG WKHQHHGV IRU SRO\SKDUPDF\KDV LQFUHDVHG ,Q
WKLV VWXG\ZHH[SORUHG WKHSDWWHUQVRISKDUPDFRWKHUDS\ LQ LQSDWLHQWZLWK
VFKL]RSKUHQLDE\FRPSDULQJSUHVFULEHGPHGLFDWLRQVIRUGLVFKDUJHGSDWLHQWV
LQZLWKWKRVHLQ
0HWKRGV6XEMHFWV LQFOXGHG WKHSDWLHQWVGLVFKDUJHGZLWK WKHGLDJQRVLVRI
VFKL]RSKUHQLDIURPGHSDUWPHQWRISV\FKLDWU\6W0DU\¶VKRVSLWDO LQ
DQG3DWLHQWVZKRKDGVFKL]RDIIHFWLYHGLVRUGHURUJDQLFPHQWDOGLVRUGHU
DQGSDVWKLVWRU\RIVXEVWDQFHDEXVHZHUHH[FOXGHG:HFRPSDUHGWKHXVHRI
DQWLSV\FKRWLFVDQWLGHSUHVVDQWPRRGVWDELOL]HUVDQ[LRO\WLFVDQWL3DUNLQVRQ
GUXJZKHQGLVFKDUJHG)RUVWDWLVWLFVFKLVTXDUHWHVWVZHUHSHUIRUPHG
5HVXOWV'DWDRISDWLHQWVZKRGLVFKDUJHGLQDQGLQZHUH
DQDO\]HG 3DWLHQWV SUHVFULEHGZLWKPRUH WKDQ WZR NLQGV RI DQWLSV\FKRWLFV
ZHUH  RI  LQ   DQGRI   EXW WKH GLIIHUHQFH LV
QRW VWDWLVWLFDOO\ VLJQL¿FDQW S  7KHPRVW FRPPRQ FRPELQDWLRQ RI
WZRDQWLSV\FKRWLFVZDVDW\SLFDOVDQGKDORSHULGRO3DWLHQWVSUHVFULEHGZLWK
DQWLSV\FKRWLFV DQGPRRGVWDELOL]HUVZHUH  LQDQG 
LQ  7KH GLIIHUHQFH LV VWDWLVWLFDOO\ VLJQL¿FDQW S  (VSHFLDOO\
FDUEDPD]HSLQH RFFXSLHGPRVW SDUW RIPRRG VWDELOL]HU XVH  LQ 
EXWGLYDOSURH[XVHZDVLQFUHDVHGPXFKLQ3DWLHQWVZKRZHUH
DGPLQLVWHUHGZLWK DQ[LRO\WLFV S RU DQWL3DUNLQVRQGUXJ S
ZHUHGHFUHDVHGLQFRPSDUHGZLWK
&RQFOXVLRQV 7KH XVH RI PRRG VWDELOL]HU ZDV LQFUHDVHG LQ LQSDWLHQWV
ZLWK DFXWH VFKL]RSKUHQLD$QG WKHUHZDV LQFUHPHQW RI VXEMHFWVZKRZHUH
SUHVFULEHGZLWKPRUHWKDQWZRNLQGVRIDQWLSV\FKRWLFV,WVXJJHVWVWKDWWKH
SK\VLFLDQ¶VDQWLSDWK\DERXWSRO\SKDUPDF\ZDVGHFUHDVHGVLQFHQHZO\GHYHO
RSHGDW\SLFDODQWLSV\FKRWLFVKDYHEHWWHUVLGHHIIHFWSUR¿OHDQGWKDWPRRG
VWDELOL]HUPD\EHQH¿FLDOHIIHFWRQSDWLHQWVZLWKDJJUHVVLRQRUDIIHFWLYHQD
WXUH$QGWKHVLJQL¿FDQWO\GHFUHDVHGXVHRIDQ[LRO\WLFVDQGDQWL3DUNLQVRQ
GUXJVVXJJHVWWKDWSKDUPDFRWKHUDS\RIVFKL]RSKUHQLDDGYDQFHGLQDVSHFWRI
HIIHFWDQGVLGHHIIHFW$PRQJ WKH OLPLWDWLRQVRI WKLV VWXG\ LV WKDW VXEMHFWV
DUHOLPLWHGWRLQSDWLHQWVDQGDW\SLFDODQWLSV\FKRWLFVLQFOXGLQJFOR]DSLQHDQG
ULVSHULGRQHZHUHDOUHDG\DYDLODEOHLQ
5HIHUHQFHV
0F&XH 5(:DKHHG 5 8UFX\R /  3RO\SKDUPDF\ LQ SDWLHQWV ZLWK
VFKL]RSKUHQLD-&OLQ3V\FKLDWU\
039#(/4)#¬$)3/2$%23¬¬0OSTER¬3ESSION¬.O
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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,PPXQH,QIODPPDWRU\$OWHUDWLRQVLQ3V\FKRVHV&6)DQG
%ORRG)LQGLQJV
.DUO%HFKWHU
'HSW3V\FKLDWU\,,8QLYHUVLW\8OP
6LE\OOH+HU]RJ+D\UHWWLQ7XPDQL'LHWPDU)XFKV
&KULV3ODWVRXFDV(PLOLD2OHV]DN
2EMHFWLYHV ,QÀDPPDWRU\PHFKDQLVPV VHHP LQYROYHG LQ SDWKRJHQHVLV RI
SV\FKRVLV GHWHFWDEOH LQ EORRG RU &6) VSDFHV ,QIHFWLRQZLWK QHXURWURSLF
YLUXVHV %'9 +69 &09 RU ZLWK WR[RSODVPD RU VWUHSWRFRFFL PD\ EH
LQYROYHG ,QIHFWLRQ PD\ RFFXU DW YDULRXV WLPH SRLQWV GXULQJ OLIH ZLWK
FRQVLGHUDEO\GLIIHULQJSDWKRJHQLFLW\GHSHQGHQWIURPDJHRIWKHKRVWZKHQ
LQIHFWHG)RUH[DPSOHPXPSVYLUXVDQGSRVVLEO\%RUQD'LVHDVH9LUXVVKRZ
KLJKSDWKRJHQLFLW\LQWKHDJHJURXSRI\HDUV7KHUHIRUHQRWRQO\LQIHF
WLRQKDVWREHDVVHVVHGEXWDFWXDOSDWKRORJLFIHDWXUHVHVSHFLDOO\ZLWKLQWKH
&16VSDFHV
0HWKRGV%ORRGPODQG&6)POZDVLQYHVWLJDWHGLQSDUDOOHOE\DQ
LQWHUGLVFLSOLQDU\ DSSURDFKE\ VSHFL¿F DQGQRQVSHFL¿FPHWKRGV SURWHLQV
QHRSWHULQSDWKZD\7FHOOUHSHUWRLUHWRQDOLW\RIWKH"FKDLQZDVGHWHUPLQHG
E\QRQSDOLQGURPLFDGDSWHU3&5%'9LQGLUHFWLPPXQHÀXRUHVFHQFHIRU
DQWLERG\GHWHFWLRQ3&5IRUYLUXVGHWHFWLRQDQGRWKHULQIHFWLRXVDJHQWVLQ
SDWLHQWVZLWKDIIHFWLYHQ RUVFKL]RSKUHQLFQ VSHFWUXPSV\FKRVHV
DQGLQQHXURORJLFDOSDWLHQWVZLWKPHQLQJRHQFHSKDOLWLVQ 
5HVXOWV:H IRXQG LQDERXWRISDWLHQWVZLWK VFKL]RSKUHQLF VSHFWUXP
SV\FKRVHVDQGLQZLWKDIIHFWLYHSV\FKRVHVDOWHUDWLRQVRI&6)SURWHLQV
ROLJRFORQDO EDQGV  FODVV ,J* UHDFWLRQ LQFUHDVH RI WRWDO SURWHLQ LQ
FUHDVHG"7UDFH66XFK&6)SDWKRORJ\RIYDULRXVW\SHDQGGHJUHHZDV
IRXQGLQRIQHXURORJLFDOSDWLHQWV6RPHSV\FKLDWULFSDWLHQWVZKHUHDV
PDQ\QHXURORJLFDOSDWLHQWVVKRZHGQHRSWHULQSDWKZD\DEQRUPDOLWLHV%RWK
SV\FKLDWULFDQGQHXURORJLFDOSDWLHQWVVKRZHGRIWHQOLPLWHGQXPEHULQYHV
WLJDWHG\HWDEQRUPDOLWLHVRIWKH7FHOOUHSHUWRLUHZKLFKZDVROLJRFORQDOO\
H[SDQGHGRIWHQZLWKLQ&6)VSDFHVRQO\
&RQFOXVLRQV ,Q DERXW  RI SDWLHQWV ZLWK DIIHFWLYH RU VFKL]RSKUHQLF
VSHFWUXPSV\FKRVHV LPPXQHDEQRUPDOLWLHVZDV IRXQGZLWKLQ&6)VSDFHV
VRPH VLPLODU WR ¿QGLQJV LQ PHQLQJRHQFHSKDOLWLV 7KLV VXSSRUWV WKH PLOG
HQFHSKDOLWLVK\SRWKHVLVRISV\FKRVLVDVSHFLDO IRUPRIPLOG LQÀDPPDWLRQ
+RZHYHUZKHWKHUVXFKDEQRUPDOLWLHVDUHSULPDU\RUVHFRQGDU\LQSDWKRJHQ
HVLVUHPDLQV\HWRSHQDVZHOODVWKHWULJJHULQJDJHQWVUHVSHFWLYHO\DQWLJHQV
XQNQRZQ
5HIHUHQFHV
%HFKWHU.0LOGHQFHSKDOLWLVXQGHUO\LQJSV\FKLDWULFGLVRUGHU±$UHFRQVLG
HUDWLRQ DQG K\SRWKHVLV H[HPSOL¿HG RQ %RUQD GLVHDVH 1HXURO 3V\FKLDWU\
%UDLQ5HV
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&RUUHODWHVRI6HPDQWLF0HPRU\$QRPDOLHVLQ)LUVW(SLVRGH
6FKL]RSKUHQLD
(ULF<X+DL&KHQ
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\RI+RQJ.RQJ&KLQD
'HQQLVH.D3R7DP&KL.HXQJ:RQJ:DK)DW&KDQ
:DL1DQJ7DQJ
2EMHFWLYHV6HPDQWLFPHPRU\DQRPDO\PHDVXUHGE\WKHVHPDQWLFFDWHJRUL
]DWLRQWDVNLVRQHRIWKHQHXURFRJQLWLYHGH¿FLWVLGHQWL¿HGLQVFKL]RSKUHQLD
7KH VKLIW LQ WKH ERXQGDU\ RI VHPDQWLF FDWHJRULHV PD\ XQGHUOLH ODQJXDJH
G\VIXQFWLRQLQVFKL]RSKUHQLD6RIDUVHPDQWLFFDWHJRUL]DWLRQKDVRQO\EHHQ
VWXGLHGLQFKURQLFSDWLHQWVRQDQWLSV\FKRWLFPHGLFDWLRQDQGWKHUHVXOWVDUH
FRQWHQWLRXV'LIIHUHQFHVFRXOGSRVVLEO\EHUHODWHGWRWKHYDULDWLRQVLQVDP
SOLQJFOLQLFDOVWDWXVDQGWUHDWPHQW7KLVVWXG\LQYHVWLJDWHGWKHFOLQLFDODQG
FRJQLWLYHFRUUHODWHVRIVHPDQWLFFDWHJRUL]DWLRQSHUIRUPDQFHLQDVDPSOHRI
¿UVWHSLVRGHVFKL]RSKUHQLFSDWLHQWV
0HWKRGV :H VWXGLHG VHPDQWLF FDWHJRUL]DWLRQ LQ  SDWLHQWV SUHVHQWLQJ
ZLWK¿UVWHSLVRGHVFKL]RSKUHQLDLQFOXGLQJVFKL]RSKUHQLIRUPSV\FKRVLVDQG
VFKL]RDIIHFWLYHSV\FKRVLV3DWLHQWVZHUHUHTXLUHGWRPDNHDFDWHJRUL]DWLRQ
GHFLVLRQZKHQH[HPSODUVHJURELQDSSHDUHGRQDFRPSXWHUPRQLWRUDIWHU
WKH FDWHJRU\ QDPH HJ ELUGV KDG EHHQ SUHVHQWHG7KH UHDFWLRQ WLPHV DV
ZHOO DV WKH QDWXUH RI WKH UHVSRQVHZHUH UHFRUGHG ([HPSODUVZHUH HLWKHU
³W\SLFDO´ ³DW\SLFDO´ ³ERUGHUOLQH´ ³UHODWHG´ RU ³XQUHODWHG´ LQ UHODWLRQ WR
WKHFDWHJRU\:HGHULYHGWKHIROORZLQJPHDVXUHVRIFDWHJRUL]DWLRQSHUIRUP
DQFHEDVHGRQWKHUHDFWLRQWLPHGDWDERUGHUOLQHVKLIWERUGHUOLQHSHDNIDOVH
UHODWHGQHVVHIIHFWDQGW\SLFDOLW\HIIHFW7KHUHODWLRQVKLSVEHWZHHQLQGH[HV
RI FDWHJRUL]DWLRQ SHUIRUPDQFH DQG FOLQLFDO DQG FRJQLWLYH YDULDEOHV ZHUH
H[SORUHG
5HVXOWV%RUGHUOLQH VKLIWZDVFRUUHODWHGZLWKSRRUSUHPRUELGDGMXVWPHQW
DQGSRRUSUHPRUELGYHUEDOLQWHOOLJHQFH$OHVVSURPLQHQWW\SLFDOLW\HIIHFW
ZDVDVVRFLDWHGZLWKQHJDWLYHV\PSWRPV3UHVHQFHRIGHOXVLRQVZDVDVVRFL
DWHG ZLWK D OHVV SURPLQHQW IDOVHUHODWHGQHVV HIIHFW 9LVXDO PHPRU\ DQG
YHUEDOÀXHQF\ZHUHERWKDVVRFLDWHGZLWKJHQHUDOVSHHGRIUHVSRQGLQJ
&RQFOXVLRQV 6HPDQWLF DEQRUPDOLWLHV DUH DOUHDG\ SUHVHQW LQ ¿UVW HSLVRGH
VFKL]RSKUHQLD 6KLIW RI FDWHJRU\ ERXQGDU\ LV PRUH SURPLQHQW LQ SDWLHQWV
ZLWKSRRUSUHPRUELGDGMXVWPHQWVDQGSRRUYHUEDOLQWHOOLJHQFHDQGPD\UH
ÀHFWDSUHPRUELGWUDLWSULRUWRSV\FKRVLV1HJDWLYHV\PSWRPVDUHDVVRFLDWHG
ZLWKDUHGXFWLRQLQWKHPDJQLWXGHRIWKHW\SLFDOLW\HIIHFW
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/RQJLWXGLQDO&KDQJHVLQ%OLQN5DWH)ROORZLQJ)LUVW(SLVRGH
6FKL]RSKUHQLD5HODWLRQVKLSZLWK5HODSVHDQG1HXURFRJQLWLYH
)XQFWLRQ
(ULF<X+DL&KHQ
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\RI+RQJ.RQJ+RQJ.RQJ
&KLQD
-HVVLFD-DQLFH7DQJ(YD/DL:DK'XQQ0D\<LQ.LQJ0LDR
:DL6RQJ<HXQJ
2EMHFWLYHV 6SRQWDQHRXV EOLQN UDWH LV GHWHUPLQHG E\ WKH OHYHO RI FHQWUDO
GRSDPLQHUJLF DFWLYLWLHV 3UHYLRXV VWXGLHV KDYH OLQNHG DQ LQFUHDVHG EOLQN
UDWHWRSV\FKRVLVDQGDUHGXFWLRQLQEOLQNUDWHWRDQWLSV\FKRWLFVWUHDWPHQW
,QFUHDVHGEOLQNUDWHDIWHUGRSDPLQHV\VWHPFKDOOHQJHKDGDOVREHHQUHODWHG
WRWKHLPPLQHQFHRIUHODSVH1DWXUDOLVWLFFKDQJHLQEOLQNUDWHIROORZLQJ¿UVW
HSLVRGHSV\FKRVLVKDVQRWEHHQH[WHQVLYHO\VWXGLHG7KLVVWXG\LQYHVWLJDWHG
FKDQJHVLQEOLQNUDWHDIWHU¿UVWHSLVRGHSV\FKRVLVRYHUDWKUHH\HDUSHULRG
LQRUGHUWRLGHQWLI\WKHFOLQLFDODQGFRJQLWLYHFRUUHODWHVRIFKDQJHVLQEOLQN
UDWH
0HWKRGV 6SRQWDQHRXV EOLQN UDWH GXULQJ D UHOD[HG UHVWLQJ FRQGLWLRQZDV
PHDVXUHG LQ  SDWLHQWV DW SUHVHQWDWLRQ RI D ¿UVW HSLVRGH VFKL]RSKUHQLF
LOOQHVVLQFOXGLQJVFKL]RDIIHFWLYHDQGVFKL]RSKUHQLIRUPGLVRUGHUV$WWKUHH
\HDUIROORZXSWKHEOLQNUDWHZDVPHDVXUHGLQDVLPLODUO\FRQGLWLRQ&OLQLFDO
DQGFRJQLWLYHYDULDEOHVZHUHPHDVXUHGORQJLWXGLQDOO\IURPSUHVHQWDWLRQWR
WKUHH\HDUIROORZXS
5HVXOWV&KDQJHLQEOLQNUDWHRYHUWKH¿UVWWKUHH\HDUVIROORZLQJD¿UVWHSL
VRGHVFKL]RSKUHQLDZDVUHODWHGWRQHXURFRJQLWLYHLPSDLUPHQWVDWIROORZXS
ORJLFDOPHPRU\U S YHUEDOÀXHQF\U S 
:LVFRQVLQ&DUG6RUW7HVW:&67SUHVHUYDWLYHHUURUU S 
DQG:&67FDWHJRULHV FRPSOHWHG U   S &KDQJH LQ EOLQN
UDWHZDVDOVRUHODWHGWRG\VNLQHVLDU S DQGH[WUDS\UDPLGDO
VLJQV U    S    DW WKUHH \HDUV ,Q DGGLWLRQ FKDQJH LQ EOLQN
UDWHZDVFRUUHODWHGZLWKWKHQXPEHURIUHODSVHVLQWKUHH\HDUVU S

&RQFOXVLRQV/RQJLWXGLQDOFKDQJHVLQEOLQNUDWHLQWKHWKUHH\HDUVIROORZLQJ
¿UVWHSLVRGHSV\FKRVLVLVUHODWHGWRQHXURFRJQLWLYHLPSDLUPHQWDVZHOODVWKH
ULVNRIUHODSVH7KHVHUHODWLRQVKLSVDSSHDUQRWWREHPHGLDWHGE\PHGLFDWLRQ
WUHDWPHQW7KH¿QGLQJVDUHLQWHUSUHWHGLQWKHFRQWH[WRIUHJDUGLQJEOLQNUDWH
DVDUHÀHFWLRQRIFHQWUDOGRSDPLQHUJLFDFWLYLW\
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7KH,PSDFWRI'XUDWLRQRI8QWUHDWHG3V\FKRVLVRQ<HDU
/RQJLWXGLQDO1HXURFRJQLWLYHDQG&OLQLFDO2XWFRPHLQ)LUVW
(SLVRGH6FKL]RSKUHQLD
(ULF<X+DL&KHQ
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\RI+RQJ.RQJ&KLQD
*ODG\V6]H0DQ+R(YD/DL:DK'XQQ0D\<LQ.LQJ0LDR
:DL6RQJ<HXQJ
2EMHFWLYHV 7KH UHODWLRQVKLS EHWZHHQ GXUDWLRQ RI XQWUHDWHG SV\FKRVLV
'83DQGFOLQLFDODQGFRJQLWLYHRXWFRPHRIVFKL]RSKUHQLDLVFRQWURYHUVLDO
2QH RI WKH SRWHQWLDO GLI¿FXOWLHV LV WKH ODFN RI ORQJLWXGLQDO ¿UVW HSLVRGH
VWXG\ZLWKORQJHUIROORZXSSHULRGVFDSDEOHRIFDSWXULQJWKHFKDQJHVRYHU
WLPHGXULQJ WKHFRXUVHRI UHFRYHU\:H LQYHVWLJDWH WKH LPSDFWRI'83RQ
FKDQJHVLQV\PSWRPVDQGFRJQLWLRQRYHUDWKUHH\HDUSHULRGIROORZLQJWKH
039#(/4)#¬$)3/2$%23¬¬0OSTER¬3ESSION¬.O
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
¿UVWHSLVRGHLOOQHVV
0HWKRGV &OLQLFDO SUR¿OH DQG FRJQLWLYH LPSDLUPHQW DQG LWV UHODWLRQVKLS
ZLWK WKH '83 PHDVXUHG ZLWK WKH ,5$26 ZDV H[DPLQHG RYHU D \HDU
SHULRG LQ  SDWLHQWV ZLWK ¿UVW HSLVRGH VFKL]RSKUHQLD VFKL]RSKUHQLIRUP
SV\FKRVLVDQGVFKL]RDIIHFWLYHGLVRUGHU3DWLHQWVZHUHDVVHVVHGIRUSRVLWLYH
DQG QHJDWLYH V\PSWRPV DQG FRJQLWLYH IXQFWLRQV ORQJLWXGLQDOO\ &RJQLWLYH
GRPDLQVDVVHVVHGLQFOXGHYLVXDOPHPRU\YHUEDOPHPRU\VHPDQWLFÀXHQF\
:LVFRQVLQ&DUG6RUWLQJDQGGLJLWVVSDQ
5HVXOWV 5HSHDWHG PHDVXUH $129$V UHYHDOHG WKDW SDWLHQWV ZLWK ORQJHU
'83 ! GD\V KDG ZRUVH QHJDWLYH V\PSWRPV DQG YLVXDO DQG YHUEDO
PHPRU\IXQFWLRQV,QSDUWLFXODUWKH'83HIIHFWRQYHUEDOPHPRU\DQGQHJD
WLYHV\PSWRPVZHUHQRWDSSDUHQW LQLWLDOO\EXWEHFRPHPDQLIHVWRQO\ZLWK
ORQJHUIROORZXSEH\RQGWKH¿UVW\HDURIWKHLOOQHVV1HJDWLYHV\PSWRPVDS
SHDUWRLPSURYHLQWKH¿UVW\HDUIRUSDWLHQWVZLWKVKRUWHU'83DQGGHWHULRUDWH
IRUSDWLHQWVZLWKORQJHU'837KHUHODWLRQVKLSEHWZHHQ'83DQGQHJDWLYH
V\PSWRPVSHUVLVWHGDIWHUFRQWUROOLQJIRUSUHPRUELGDGMXVWPHQW
&RQFOXVLRQV7KH¿QGLQJVVXJJHVWWKDWORQJHU'83LVVLJQL¿FDQWO\DVVRFL
DWHGZLWKFOLQLFDODQGFRJQLWLYHGHWHULRUDWLRQ6RPHRI WKHVH UHODWLRQVKLSV
DUHQRWDSSDUHQWGXULQJRUVKRUWO\DIWHUWKH¿UVWHSLVRGHDQGEHFRPHPDQLIHVW
RQO\ZLWKORQJHUIROORZXS7KHSRVVLELOLW\WKDWHDUO\WUHDWPHQWRISV\FKRVLV
PLJKW KHOS WR UHGXFH QHJDWLYH V\PSWRPV DQG FRJQLWLYH GH¿FLWV GHVHUYHV
IXUWKHULQYHVWLJDWLRQV
32
9LROHQW%HKDYLRU0RGHOLQ6FKL]RSKUHQLF3DWLHQWV
6XQJ.LO0LQ
<RQVHL8QLYHUVLW\.RUHD
+\XQMRR6RQJ
2EMHFWLYHV7KHDLPRIWKLVVWXG\ZDVWRGHWHUPLQHWKHEHVWPRGHOWKDWFDQ
SUHGLFWDQGH[SODLQWKHYLROHQWEHKDYLRURIVFKL]RSKUHQLFSDWLHQWV
0HWKRGV7KHVXEMHFWVZHUHSDWLHQWVGLDJQRVHGZLWKVFKL]RSKUHQLDDF
FRUGLQJWRWKH'60,9FULWHULD7KHVFKL]RSKUHQLFV\PSWRPVZHUHHYDOXDWHG
ZLWK3$166IURPZKLFKWZRVXEJURXSVRISRVLWLYHDQGQHJDWLYHV\PSWRPV
ZHUH LQFOXGHG LQ WKH VWDWLVWLFDO DQDO\VLV7KH YLROHQW EHKDYLRUZDV HYDOX
DWHGXVLQJ WKH0RGL¿HG2YHUW$JJUHVVLRQ6FDOH7KHHPRWLRQDO VWDWHZDV
HYDOXDWHGXVLQJWKH6WDWH7UDLW$QJHU,QYHQWRU\DQG%XVV'XFKHH+RVWLOLW\
,QYHQWRU\IURPZKLFKWZRIDFWRUVLQFOXGLQJWKHH[WHUQDODQJHUDQGLQWHUQDO
DQJHUZHUHREWDLQHG1HXURFRJQLWLYHIXQFWLRQWHVWVLQFOXGHGWKH:LVFRQVLQ
&DUG6RUWLQJ7HVWWKH6WURRS7HVWWKH*URRYHG3HJERDUG7HVWWKH5XII)LJ
XUDO)OXHQF\7HVWDQGWKH:RUG)OXHQF\7HVWIURPZKLFKIDFWRUVLQFOXGLQJ
WKHH[HFXWLYHIXQFWLRQWKHÀXHQF\IXQFWLRQDQGWKHPRWRUIXQFWLRQZHUHRE
WDLQHG7KHYRFDEXODU\DQGEORFNGHVLJQVXEWHVWRIWKH.RUHDQ:$,6ZHUH
LQFOXGHGDVWKH,4PHDVXUHDQGWKH6WDWLVWLFDOO\6WUXFWXUHG(TXDWLRQ0RGHO
ZDVXVHGWRPRGHOWKHYLROHQWEHKDYLRUDVZHOODVWKHFRUUHODWLRQDPRQJWKH
FRQVWUXFWVLQFOXGLQJWKHV\PSWRPVHPRWLRQDQGQHXURFRJQLWLYHIXQFWLRQ
7KH7XFNHU/HZLV,QGH[WKH1RUPHG)LW,QGH[DQGWKH5RRW0HDQ6TXDUH
(UURURI$SSUR[LPDWLRQZHUHDSSOLHGDVD&RPSDUDWLYH)LW,QGH[
5HVXOWV $ PRGHO FRQVLVWLQJ RI  FRQVWUXFWV ZDV IRXQG WR EH WKH PRVW
VXLWDEOHIRUH[SODLQLQJWKHYLROHQWEHKDYLRURIVFKL]RSKUHQLFSDWLHQWV7KH
SURSRVHGPRGHO GHPRQVWUDWHG WKDW WKH YLROHQW EHKDYLRUZDV DIIHFWHG VLJ
QL¿FDQWO\E\WKHHPRWLRQYDULDEOH,QWKHHPRWLRQYDULDEOHH[WHUQDODQJHU
LQFOXGLQJDQJHURXWWKHDQJHUVWDWHDQGWKHWUDLWDQJHUZDVPRUHUHODWHGWR
WKHYLROHQWEHKDYLRURIDSDWLHQWWKDQWKHLQWHUQDODQJHULQFOXGLQJVXVSLFLRQ
DQGUHVHQWPHQW7KHV\PSWRPYDULDEOHKDGDKLJKHUGHVFULSWLRQSRZHUIRU
YLROHQWEHKDYLRUWKDQWKHQHXURFRJQLWLYHIXQFWLRQ+RZHYHULWZDVQRWVWD
WLVWLFDOO\VLJQL¿FDQW7KHQHXURFRQJQLWLYHIXQFWLRQZDVVLJQL¿FDQWO\UHODWHG
WRWKHV\PSWRPYDULDEOHEXWLWZDVQRWUHODWHGWRWKHHPRWLRQYDULDEOH
&RQFOXVLRQV7KHVHUHVXOWVVXJJHVWWKDWIRUDQHIIHFWLYHSUHGLFWLRQDQGWKH
SUHYHQWLRQRIYLROHQWEHKDYLRULQVFKL]RSKUHQLFSDWLHQWV LW LV LPSRUWDQW WR
HYDOXDWHKRZWKHSDWLHQWVFRSHZLWKWKHLUDQJHUDQGSURYLGHWKHPHIIHFWLYH
VNLOOWUDLQLQJIRUFRQWUROOLQJWKHLUDQJHU
5HIHUHQFHV
:DOVK(%XFKDQDQ$)DK\79LROHQFHDQGVFKL]RSKUHQLD([DPLQ
LQJWKHHYLGHQFH%U-3V\FKLDWU\
32
&RUUHODWLRQEHWZHHQWKH6FKL]RSKUHQLDDQG3RVLWLYH0HGLFDO
'LVRUGHUV
$GHO(OVKHVKDL
$OH[XQLYHUVLW\(J\SW
+HED(VDP
2EMHFWLYHV7RDVVHVVWKHJHQHUDOKHDOWKVWDWHRIVFKL]RSKUHQLFSRSXODWLRQ
SUHVHQWLQJWRWKHRXWSDWLHQWFOLQLFRIWKH$OH[DQGULDPDLQXQLYHUVLW\KRVSL
WDO7R¿QGDQ\FRUUHODWLRQEHWZHHQWKHVFKL]RSKUHQLDDQGSRVLWLYHPHGLFDO
GLVRUGHUVLISUHVHQW
0HWKRGV7KHVDPSOHFRQVLVWHGRISDWLHQWVPHHWLQJ WKH'60,9FUL
WHULDIRUVFKL]RSKUHQLD WKH\ZHUHDOOVXEMHFWHGWRFRPSOHWHEORRGFRXQW
VHUXPXUHDVHUXPFUHDWLQLQHVHUXPWULJO\FHULGHVHUXPFKROHVWHUROVHUXP
XULF DFLG VHUXP DOEXPLQ SURWKURPELQ WLPH IDVWLQJ EORRG VXJDU KRXUV
SRVWSUDQGLDO VXJDU DODQLQH WUDQVDPLQDVH DVSDUWDWH WUDQVDPLQDVH DV ZHOO
DV(&*SODLQ[UD\FKHVWFRPSOHWHSK\VLFDODQGSV\FKLDWULFH[DPLQDWLRQ
$OVR%0,ERG\PDVVLQGH[VPRNLQJLQGH[%356ZHUHFDOFXODWHG
3DWLHQWVZHUHFODVVL¿HGDFFRUGLQJWRWKHW\SHRIPHGLFDWLRQLQWRJURXSV
*URXS,RQW\SLFDODQWLSV\FKRWLF
*URXS,,RQDW\SLFDODQWLSV\FKRWLFV
*URXS,,,QDwYHWRDQWLSV\FKRWLFV
5HVXOWV *URXS ,, VKRZV VWDWLVWLFDOO\ VLJQL¿FDQW KLJKHU UDWH RI GLDEHWHV
PHOOLWXV  RI SDWLHQWV WKDQ RWKHU JURXSV WKHUH ZDV QR VWDWLVWLFDOO\
VLJQL¿FDQWGLIIHUHQFHEHWZHHQGLIIHUHQWJURXSVDVUHJDUGWKH%0,DOWKRXJK
DOOJURXSVVKRZRYHUZHLJKWLQWKHFDOFXODWHGPHDQ%0,DOVRWKHUHZDVQR
VWDWLVWLFDOO\VLJQL¿FDQWGLIIHUHQFHEHWZHHQGLIIHUHQWJURXSVDVUHJDUGVHUXP
WULJO\FHULGHDQGFKROHVWHUROOHYHODOWKRXJKERWKYDULDQWVVKRZKLJKHUOHYHO
LQJURXS,,'XULQJ(&*HYDOXDWLRQRQHFDVHVKRZHGSURORQJHG47LQWHUYDO
RQWKLRULGD]LQHDQGRQO\RQHFDVHVKRZVUHFHQWP\RFDUGLDOLQIDUFWLRQGXULQJ
DSURORQJHGFRXUVHRI\HDUVRQ+DORSHULGRO
3ODLQ[ UD\ FKHVW UHYHDOHG WKDW  RI SDWLHQWV KDYH QRUPDO DSSHDUDQFH
VKRZIHDWXUHVRI&23'FKURQLFREVWUXFWLYHSXOPRQDU\GLVHDVH
VKRZLQFUHDVHGEURQFKRYDVFXODUPDUNLQJVVKRZIHDWXUHVRIQRQ&23'
HPSK\VHPD
6PRNLQJLQGH[ZDVKLJKHULQJURXS,ZLWKQRVWDWLVWLFDOO\VLJQL¿FDQWGLI
IHUHQFH
,QDGGLWLRQRWKHUYDULDEOHVGLGQµWVKRZDQ\GHYLDWLRQIURPQRUPDO
32
3HUIRUPDQFHLPSURYHPHQWRIVFKL]RSKUHQLFSDWLHQWV
SDUWLFLSDWLQJLQWKHFRPSXWHUEDVHGFRJQLWLYHWUDLQLQJZLWK
;&RJ
$OH[DQGHU+DVPDQQ
3V\FKLDWULVFKH7DJHVNOLQLN&KDP*HUPDQ\
:ROIJDQJ7UDSS0DWWKLDV'REPHLHU
2EMHFWLYHV 7KLV VWXG\ DLPHG WR H[DPLQH SHUIRUPDQFH LPSURYHPHQW RI
VFKL]RSKUHQLF SDWLHQWV SDUWLFLSDWLQJ LQ FRPSXWHUEDVHG FRJQLWLYH WUDLQLQJ
ZLWK;&RJ
0HWKRGVSDWLHQWVZRPHQPHQZLWKWKHGLDJQRVLVRIVFKL]RSKUH
QLD,&');ZHUHWUDLQHGWHQZHHNVWZLFHDZHHNGXUDWLRQRQHKRXU
SHUVHVVLRQXVLQJWKHVRIWZDUH;&RJLQGLIIHUHQWZDUGVRIWKH%H]LUNVN
OLQLNXP5HJHQVEXUJ$PDWFKHGVDPSOHRIVFKL]RSKUHQLFSDWLHQWVVHUYHG
DVFRQWUROJURXSDQGJRWQRFRJQLWLYHWUDLQLQJ&RJQLWLYHSHUIRUPDQFHDQG
SV\FKRSDWKRORJ\ ZHUH H[DPLQHG E\ QHXURSV\FKRORJLFDO WHVW EDWWHU\ DQG
SV\FKRSDWKRORJLFDOVFDOHV
5HVXOWV ,Q WZRIDFWRULDO0$129$6 ³WUHDWPHQW´ DV JURXSIDFWRU ³SUH
SRVWWHVW´DVZLWKLQVXEMHFWVIDFWRUVLJQL¿FDQWLQWHUDFWLRQHIIHFWVIRUFRUUHFW
UHDFWLRQVHUURUVDQGSHUVHYHUDWLRQHUURUVLQWKH:&67DPRXQWRIOHDUQLQJ
LQWKHJHUPDQYHUVLRQRIWKH&/97DQG³WRQLFDOHUWQHVV´LQWKH³7HVWEDWWHULH
]XU$XIPHUNVDPNHLWVSUIXQJ´*HUPDQWHVWVLPLODUWRWKH&37WDVNFRXOG
EHXQFRYHUHG
$GGLWLRQDOO\ D VLJQL¿FDQW GHFOLQH LQ UHOHYDQW SV\FKRSDWKRORJ\ QHJDWLYH
DQGSRVLWLYHV\PSWRPVPHDVXUHGE\3$166DQG3'63*HUPDQVHOIUDWLQJ
VFDOHIRUSDUDQRLGV\PSWRPVZDVGLVFRYHUHG1XPHULFHIIHFWVIRU³GHSUHV
VLRQ´%',DQG3'66*HUPDQVHOIUDWLQJVFDOHIRUGHSUHVVLYHV\PSWRPV
GLGQRWUHDFKVWDWLVWLFDOVLJQL¿FDQFH
&RQFOXVLRQV7KLVVWXG\JLYHV¿UVWLQGLFDWLRQVWKDW;&RJFRXOGEHDXVH
IXOZD\WRLQFUHDVHSHUIRUPDQFHRIFRJQLWLYHIXQFWLRQLQJLQVFKL]RSKUHQLF
039#(/4)#¬$)3/2$%23¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
SDWLHQWVWUDLQHGE\WKLVFRPSXWHUEDVHGVRIWZDUH
5HIHUHQFHV
5XQG%5	%RUJ1(&RJQLWLYHGH¿FLWVDQGFRJQLWLYHWUDLQLQJ
LQ VFKL]RSKUHQLF SDWLHQWV D UHYLHZ$FWD 3V\FKLDWULFD 6FDQGLQDYLFD 

6KDUPD 7 	$QWRQRYD /  &RJQLWLYH IXQFWLRQ LQ VFKL]RSKUHQLD
'H¿FLWVIXQFWLRQDOFRQVHTXHQFHVDQGIXWXUHWUHDWPHQW-RXUQDORI3V\FKLDW
ULF&OLQLFVRI1RUWK$PHULFD
6XVORZ76FKRQDXHU.	$UROW9$WWHQWLRQWUDLQLQJLQWKHFRJQL
WLYH UHKDELOLWDWLRQ RI VFKL]RSKUHQLF SDWLHQWV D UHYLHZ RI HI¿FDF\ VWXGLHV
$FWD3V\FKLDWULFD6FDQGLQDYLFD
7UDF\ -,0DWWVRQ5.LQJ&%XQGLFN7&HOHQ]D0$	*ORVVHU
*$FRPSDULVRQRIPHPRU\IRUYHUEDODQGQRQYHUEDOPDWHULDOLQ
VFKL]RSKUHQLD6FKL]RSKUHQLD5HVHDUFK
32
'LIIHUHQFHRI'1$0HWK\ODWLRQLQ0RQR]\JRWLF7ZLQV
'LVFRUGDQWIRU6FKL]RSKUHQLD
$NLUD,PDPXUD
1DJDVDNL8QLYHUVLW\-DSDQ
6KLQML2QR6KXQML0DWVXPRWR<XML2ND]DNL+LURNL2]DZD
2EMHFWLYHV0RQR]\JRWLF WZLQVDUH WKRXJKW WREHJHQHWLFDOO\ LGHQWLFDOVR
LIWKH\DUHGLVFRUGDQWIRUVFKL]RSKUHQLDWKHGLVFRUGDQFHLVFRQVLGHUHGWREH
GXHWRHQYLURQPHQWDOIDFWRUV5HFHQWO\VHYHUDOUHVHDUFKHUVUHSRUWHGDSKHQR
W\SLFGLVFRUGDQFHFDXVHGE\JHQRPLFGLIIHUHQFHVRUHSLJHQHWLFPRGL¿FDWLRQ
LQPRQR]\JRWLF WZLQV 7VXMLWD HW DO 7KH DLPRI WKLV VWXG\ZDV WR
H[SORUHWKHPROHFXODUPHFKDQLVPVLQFOXGLQJHSLJHQHWLF'1$PRGL¿FDWLRQ
XQGHUO\LQJGLVFRUGDQFHIRUVFKL]RSKUHQLDLQPRQR]\JRWLFWZLQV
0HWKRGV7KHVXEMHFWVZHUH¿YHSDLUVRIPRQR]\JRWLFWZLQVGLVFRUGDQWIRU
'60,9VFKL]RSKUHQLDDOOSDLUVZHUHPDOHPHDQDJH\HDUVDOOWZLQV
KDGEHHQGLVFRUGDQWPRUHWKDQWHQ\HDUV7KHJHQRPH'1$VDPSOHVZHUH
H[WUDFWHGIURPO\PSKRF\WHVE\WKHSKHQROPHWKRG:HLQYHVWLJDWHGZKHWKHU
WKH SURPRWHU UHJLRQ RI GRSDPLQH' UHFHSWRU JHQH '5'ZDVPHWK\O
DWHG XVLQJ WKH PHWK\ODWLRQVHQVLWLYH UHVWULFWLRQ HQ]\PH +DS ,, DQG WKH
PHWK\ODWLRQLQVHQVLWLYHHQ]\PH0VS,$IWHUHQ]\PHGLJHVWLRQSRO\PHUDVH
FKDLQ UHDFWLRQ 3&5 ZDV SHUIRUPHG DQG WKH VL]H RI 3&5 SURGXFWV ZDV
GHWHUPLQHGXVLQJSRO\DFU\ODPLGHJHOHOHFWURSKRUHVLV
5HVXOWV ,Q IRXU RXW RI ¿YH SDLUV WKH OHYHO RIPHWK\ODWLRQ RI WKH'5'
SURPRWHUUHJLRQZDVKLJKHULQWKHDIIHFWHGWZLQWKDQWKHQRUPDOWZLQ,QRQH
SDLUWKHOHYHOZDVQHDUO\HTXDOLQERWK
&RQFOXVLRQV ,Q WKLV VWXG\ ZH IRXQG VRPH HYLGHQFH IRU WKH UHODWLRQVKLS
EHWZHHQSKHQRW\SLFGLIIHUHQFHLQPRQR]\JRWLFWZLQVGLVFRUGDQWIRUVFKL]R
SKUHQLD DQG'1$PHWK\ODWLRQ7KHUHIRUH LQ IXWXUH VWXGLHVZHZLOO WU\ WR
FROOHFWPRUHVXEMHFWVDQGXVHRWKHUHQ]\PHV
5HIHUHQFHV
7VXMLWD 7 1LLNDZD 1 <DPDVKLWD + ,PDPXUD$ +DPDGD$ 1DNDQH<
2ND]DNL< *HQRPLF GLVFRUGDQFH EHWZHHQPRQR]\JRWLF WZLQV GLVFRUGDQW
IRUVFKL]RSKUHQLD$P-3V\FKLDWU\0DU
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6FKL]RSKUHQLD5HPLVVLRQ&ULWHULDDQG5LVSHULGRQH
/RQJ$FWLQJ
:HUQHU.LVVOLQJ
.OLQLNXPUHFKWVGHU,VDU.OLQLNXQG3ROLNOLQLNIU3V\FKLDWULHXQG
3V\FKRWKHUDSLH0XQLFK*HUPDQ\
0DUWLQ6W-RKQ7XUQHU5RVVHOOD0HGRUL
2EMHFWLYHV 7R DSSO\ H[SHUWSURSRVHG UHPLVVLRQ FULWHULD WR GDWD IURP D
ORQJDFWLQJ ULVSHULGRQH VWXG\+HUHZH SUHVHQW WKH HIIHFWV RI5LVSHULGRQH
ORQJDFWLQJ LQMHFWDEOH 5/$, XSRQ WKH DFKLHYHPHQW DQGPDLQWHQDQFH RI
UHPLVVLRQDVGHWHUPLQHGE\WKHVHYHULW\RI3$166VFRUHV
0HWKRGV5HPLVVLRQZDV GH¿QHG DV D VFRUH RI  PLOG RU OHVV FRQFXU
UHQWO\RQHDFKRIWKHIROORZLQJLWHPVRQWKH3RVLWLYHDQG1HJDWLYH6\QGURPH
6FDOHGHOXVLRQV3FRQFHSWXDOGLVRUJDQL]DWLRQ3KDOOXFLQDWRU\EHKDY
LRU 3 XQXVXDO WKRXJKW FRQWHQW * PDQQHULVPV DQG SRVWXULQJ *
EOXQWHGDIIHFW 1SDVVLYHDSDWKHWLF VRFLDOZLWKGUDZDO 1DQG ODFNRI
VSRQWDQHLW\DQGFRQYHUVDWLRQÀRZ1
5HVXOWV7KHDQDO\VLVLQFOXGHGSDWLHQWVPDOHZKRZHUHFRQVLG
HUHG WR EH LQ UHPLVVLRQ DW EDVHOLQH 5HPLWWHUV DQG  PDOH QRW
LQ UHPLVVLRQ 1RQUHPLWWHUV 3UHYLRXV PHGLFDWLRQV LQ ERWK JURXSV ZHUH
PDLQO\DW\SLFDODQWLSV\FKRWLFV DQGGHSRWFRQYHQWLRQDOQHXUROHSWLFV
7KHPDLQUHDVRQVIRUFKDQJLQJPHGLFDWLRQLQ5HPLWWHUVZHUHQRQ
FRPSOLDQFH  VLGH HIIHFWV  DQG LQVXI¿FLHQW HI¿FDF\ 
FRPSDUHGZLWKQRQFRPSOLDQFHLQVXI¿FLHQWHI¿FDF\DQGVLGH
HIIHFWVIRU1RQUHPLWWHUV7KHPHDQWRWDO3$166VFRUHZDVUHGXFHG
IURP EDVHOLQH WR HQGSRLQW LQ ERWK JURXSV EXW WKH UHGXFWLRQ ZDV JUHDWHU
DPRQJ 1RQUHPLWWHUV 5HPLWWHUV  YV  1RQUHPLWWHUV  YV
&RPSDUDEOHLPSURYHPHQWVZHUHVHHQLQKHDOWKUHODWHGTXDOLW\RIOLIH
6)DQG*$)LQERWKJURXSVEXWLPSURYHPHQWVLQ6RFLDO)XQFWLRQLQJ
ZHUHVLJQL¿FDQWO\JUHDWHUIRU5HPLWWHUVS$WHQGSRLQWRI1RQ
UHPLWWHUVZHUHFRQVLGHUHGWREHLQUHPLVVLRQDORQJZLWKRIPDLQWDLQHG
UHPLWWHUVIURPEDVHOLQH
&RQFOXVLRQV5/$,FDQKHOSSDWLHQWVZLWKSV\FKRWLFGLVRUGHUV WRDFKLHYH
DQG UHPDLQ LQ UHPLVVLRQ 5HPLWWHUV VFRUH KLJKHU LQ 4XDOLW\ RI OLIH DQG
IXQFWLRQLQJ
)LJXUH  6\PSWRP LPSURYHPHQW LQ SDWLHQWV ZKR KDYH EHHQ 3$166 UHPLWWHUV DW
EDVHOLQH
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:KDWLW7DNHVWR+HOS3DUHQWVZLWK3V\FKRWLF$GROHVFHQW"
$OLQD/D]RU
:KLWE\0HQWDO+HDOWK&HQWHU2QWDULR&DQDGD
-DQD%DMFDU5LFKDUG6FRWW
2EMHFWLYHV7KHSXUSRVHRIWKHVWXG\ZDVWRLGHQWLI\NH\IHDWXUHVUHTXLUHG
WRFUHDWHDOHDUQLQJHQYLURQPHQWLQZKLFKDQHIIHFWLYHDQGSUDFWLFDOSURJUDP
FDQEHSURYLGHGIRUSDUHQWVRIDGROHVFHQWZLWKPDMRUSV\FKLDWULFGLVRUGHUV
VXFKDVVFKL]RSKUHQLFVSHFWUXPDQGPDMRUPRRGGLVRUGHUVSHFWUXP7KLVLV
WKH¿UVWRQVHWRI WKHDGROHVFHQFHLOOQHVVDQGWKHVH\RXWKVZHUHSUHYLRXVO\
XQVXFFHVVIXOO\PDQDJHGDQGUHLQWHJUDWHGLQWRWKHFRPPXQLW\7KHJRDORI
WKHHGXFDWLRQSURJUDPLVWRHPSRZHUWKHSDUHQWVWRXQGHUVWDQGPDQDJHDQG
DGYRFDWHIRUWKHLUDGROHVFHQWVZKRVXIIHUIURPHDUO\RQVHWSV\FKRVLV
0HWKRGV'XULQJ¿YH\HDUVDQ LWHUDWLYHDFWLRQ UHVHDUFKSURFHVVZDVXVHG
WR GHYHORS D JURXS HGXFDWLRQ SURJUDP IRU SDUHQWV RI \RXWK ZLWK PDMRU
SV\FKLDWULFLOOQHVVDGPLWWHGWRWKHDGROHVFHQWSV\FKRUHKDELOLWDWLRQLQSDWLHQW
SURJUDPDW:KLWE\0HQWDO+HDOWK&HQWHU&DQDGD'DWDZDVFROOHFWHGIURP
LQWDNHSDUHQW LQWHUYLHZV IDPLO\JURXS IHHGEDFN VHVVLRQV HQGRI SURJUDP
GHEULH¿QJDQGGLVFXVVLRQDPRQJWKHWHDP$WKUHHPRQWKSV\FKRHGXFDWLRQ
SURJUDPFRQVLVWVRIZHHNO\VHVVLRQVWKDWDUHIDFLOLWDWHGE\WKHFKLOGSV\FKLD
WULVWDQGWKHVRFLDOZRUNHULQYROYHGLQWKHFDUHRIWKHDGROHVFHQWDQGE\DQ
DFDGHPLFSKDUPDFLVWZKRVSHFLDOL]HVLQKHDOWKHGXFDWLRQ
5HVXOWV6HYHQUHRFFXUULQJIHDWXUHVZHUHLGHQWL¿HGDSDUHQWVQHHGWRIHHO
WKDW WKH\EHORQJ±³WHOOXV\RXUVWRU\´ EGHDOZLWKSDUHQWV¶JXLOW ³LW LV
QRERGLHV IDXOW´ FJULHISURFHVVLQJ WRKHOS DFFHSW WKH LOO FKLOG  GSDU
HQWFKLOGSDUWQHUVKLS±³SDUHQWDVWKHFRDFK´HIRFXVRQVXEVWDQFHDEXVH
±³SURWHFWWKHYXOQHUDEOHEUDLQ´IWUDQVIHUULQJJURXSOHDUQLQJWRLQGLYLGXDO
SDUHQWFKLOG QHHGV ± ³ZKDW GRHV LWPHDQ WRPH´ J HPSRZHULQJSDUHQWV
WR QDYLJDWH WKH KHDOWK FDUH HGXFDWLRQ DQG OHJDO V\VWHPV7KLV SDSHUZLOO
GHVFULEH WKHVH IHDWXUHV LQ GHWDLO GLVFXVV LPSOLFDWLRQV RI HDFK IHDWXUH DQG
SURYLGHH[DPSOHVRIVWUDWHJLHVWRFUHDWHDQHIIHFWLYHOHDUQLQJHQYLURQPHQW
IRUSDUHQWV
&RQFOXVLRQV 6HYHQ NH\ IHDWXUHV ZHUH GHVFULEHG WKDW FDQ FRQWULEXWH WR
FUHDWLQJ DQ HIIHFWLYH OHDUQLQJ HQYLURQPHQW IRU SDUHQWV ZLWK DGROHVFHQW
ZLWKHDUO\RQVHWSV\FKRVLV7KHVHIHDWXUHVSUHSDUHSDUHQWVIRUWKHOHDUQLQJ
FRQWULEXWHWRWKHOHDUQLQJSURFHVVDQGHQKDQFHWKHNQRZOHGJHWUDQVIHULQWR
GDLO\SUDFWLFH
039#(/4)#¬$)3/2$%23¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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7KH,PSURYHPHQWRI)DFLDO,PPRELOLW\±3RWHQWLDO0DUNHU
RI2XWFRPHLQWKH7KHUDS\RI6FKL]RSKUHQLDZLWK1HJDWLYH
6\PSWRPVLQ3DWLHQWVZLWK5HFRUGHG2EVWHWULFDO7UDXPD
,OHDQD0DULQHVFX
8QLYHUVLW\RI0HGLFLQHDQG3KDUPDF\&UDLRYD5RPDQLD
'UDJRV0DULQHVFX$QFD&KLULWD
1HJDWLYHV\PSWRPDWRORJ\LVDUHDOWKHUDSHXWLFDOSUREOHPLQVFKL]RSKUHQLD¶V
PDQDJHPHQW
([LVWLQJGDWDDVVRFLDWHGWKHUDQNRIQHJDWLYHV\PSWRPDWRORJ\WRVWUXFWXUDO
FHUHEUDO DEQRUPDOLWLHV 6WDDO  FRJQLWLYH LPSDLUPHQW .HHIH 
DQGREVWHWULFDOWUDXPD
7KH LQFUHDVHRI IDFLDO H[SUHVVLRQ LPPRELOLW\ FRQFRPLWDQWO\ZLWK WKHGLV
RUGHU¶V SURJUHVVLRQ XQGHU DQWLSV\FKRWLF PHGLFDWLRQ PD\ EH D SUHGLFWLYH
PDUNHUIRUEDGRXWFRPHDQGQHJDWLYHV\PSWRPV¶SHUVLVWHQF\
:HVHOHFWHGDJURXSRIPDOHSDWLHQWVXQGHUZLWKSDUDQRLGVFKL]RSKUH
QLDUHFRUGHGREVWHWULFDOWUDXPDDQGPLQLPXP\HDUVRIGLVRUGHU¶VDGYDQFH
XQGHUDW\SLFDODQWLSV\FKRWLFPHGLFDWLRQ
$WLQFOXVLRQFOLQLFDODGYDQFHZDVHVWLPDWHGDV³VDWLVI\LQJ´PHGLXP&*,
VFRUH3$166EXWKLJKVFRUHVDWQHJDWLYHLWHPV
$OO SDWLHQWV SUHVHQWHG LPPRELOLW\ RI IDFLDO H[SUHVVLRQ DQQR\LQJ DV ZHOO
SDWLHQWVDVWKHLUIDPLOLHVDSSUHFLDWHGDVDPDUNHURIORZTXDOLW\RIOLIHEXW
QRWVLJQL¿FDQWDWVFRULQJRQVFDOHVIRU(36%$56$,06
:H DVVRFLDWHG DQWLSV\FKRWLF PHGLFDWLRQ WR D VSHFL¿F NLQHWRWKHUDSHXWLFDO
SURJUDPPH³PLPLF IDFLDO WUDLQLQJE\ WHFKQLTXHVRIPRELOL]DWLRQ´± WZR
PLQXWHVVHVVLRQVGXULQJVL[PRQWKV
7KHUHYDOXDWLRQDWWKHHQGRIWKHSHULRGXVLQJ3$166VKRZHGDVLJQL¿FDQW
LPSURYHPHQWRIWKHVFRUHVIRUQHJDWLYHV\PSWRPVDQGTXDOLW\RIOLIHZDV
HVWLPDWHGDV³PXFKLPSURYHG´
:H HVWLPDWHG WKDW WKH DVVRFLDWLRQ RI VSHFL¿F NLQHWRWKHUDSHXWLFDOPHWKRGV
PLJKW EH FRPSOHPHQWDU\ WR DQWLSV\FKRWLF PHGLFDWLRQ DW VFKL]RSKUHQLF
SDWLHQWVLQRXUJURXS
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'LDJQRVLVRI6FKL]RSKUHQLDZLWK9LUWXDO5HDOLW\7RROV
$QQD6RUNLQ
+HEUHZ8QLYHUVLW\RI-HUXVDOHP,VUDHO
$YL3HOHG'DSKQD:HLQVKDOO
2EMHFWLYHV2XUJRDO LV WRGHYHORSQHZ WRROV IRU WKHGLDJQRVLVRIVFKL]R
SKUHQLD9LHZLQJVFKL]RSKUHQLDDVDQ LQWHJUDWLRQSUREOHPZHXVH9LUWXDO
5HDOLW\7HFKQRORJ\ 957 WR EXLOG D FRPSOH[PXOWLPRGDO HQYLURQPHQW
ZKHUHZHFDQVWXG\DQGPHDVXUHFRJQLWLYHIXQFWLRQVLQSDUDOOHO
0HWKRGV:HVWXGLHGVHQVRU\LQWHJUDWLRQZLWKLQZRUNLQJPHPRU\6XEMHFWV
QDYLJDWHGWKURXJKD957PD]HFRQVLVWLQJRIPXOWLSOHURRPVZLWKGRRUV
HDFK(DFKGRRUZDVFKDUDFWHUL]HGE\WKUHHIHDWXUHVFRORUVKDSHDQGVRXQG
$WDQ\JLYHQPRPHQWWKHUHZDVDUXOHFRQWUROOLQJGRRURSHQLQJEDVHGRQD
FHUWDLQ FRPELQDWLRQRI WKHVH IHDWXUHV RUSDUW RI WKHP7KH UXOH FKDQJHG
RYHUWLPHZLWKRXWQRWLFH7KHVXEMHFWQHHGHGWROHDUQWKHUXOHDQGWRXVHLW
IRUVXFFHVVIXOQDYLJDWLRQWKURXJKWKHPD]HVFKL]RSKUHQLFSDWLHQWVDQG
KHDOWK\FRQWUROVSDUWLFLSDWHGLQWKHVWXG\
5HVXOWV8SRQFRPSOHWLRQ HDFK VXEMHFWZDV FKDUDFWHUL]HGE\ DYHFWRURI
PHDVXUHPHQWVPHDVXULQJ YDULRXV HUURUV VFRUHV 5HVSRQVH7LPH 57
QDYLJDWLRQDELOLW\ VWUDWHJ\DQG LPSURYHPHQW UDWHV*HQHUDOO\ WKHSDWLHQWV
JURXSVKRZHGDYHU\ ODUJHYDULDQFH LQDOOPHDVXUHPHQWV7KHELJJHVWGLI
IHUHQFHEHWZHHQWKHSDWLHQWDQGFRQWUROJURXSVZDVPDQLIHVWHGLQLQFUHDVHG
HUURUUDWHVDQGDPXFKODUJHUQXPEHURIFRQVHFXWLYHHUURUV0DQ\SDWLHQWV
VKRZHGRQHRUPRUHRIWKHIROORZLQJGH¿FLWV³GLVWUDFWRUHIIHFW´LQGLFDW
LQJSDWLHQWV¶GHFUHDVHGDELOLW\ WR LJQRUH LUUHOHYDQW LQIRUPDWLRQ LQFUHDVHG
HUURU UDWHVZKHQ OHDUQLQJ WKH UXOH SRRUHUQDYLJDWLRQ DELOLW\ DQG HOHYDWHG
57
7KHPDLQUHVXOWRIRXUVWXG\LVWKHHVWDEOLVKPHQWRIDURXWLQHWKDWFDQGLV
WLQJXLVKSDWLHQWVIURPFRQWUROVEDVHGRQWKHLUSHUIRUPDQFHSUR¿OHFROOHFWHG
GXULQJWKH957WDVN7KHURXWLQHSUHGLFWHGFRUUHFWO\RIWKHSDUWLFLSDW
LQJ SDWLHQWV DQG DOO WKH FRQWUROV:H DOVR WHVWHG WKH FRUUHODWLRQ EHWZHHQ
RXUPHDVXUHPHQWVDQGWKHVXEMHFWV¶3$166VFRUHVUHYHDOLQJDQXPEHURI
VLJQL¿FDQWFRUUHODWLRQVSGLVWUDFWRUHIIHFWDQGSRRUVHOHFWLRQVWUDW
HJ\ZHUHFRUUHODWHGZLWKSRVLWLYHV\PSWRPVHDFKHUURUUDWHVZHUHVLJQL¿
FDQWO\FRUUHODWHGZLWKSRVLWLYHDQGQHJDWLYHV\PSWRPVFRQVHFXWLYHHUURU
UDWHVDQGVORZ57ZHUHFRUUHODWHGZLWKQHJDWLYHV\PSWRPV
2XUVHFRQGPDLQ¿QGLQJFRQFHUQVSHUVHYHUDWLRQ±LQRXUWHVWVSDWLHQWVGLGQ¶W
GLIIHUIURPFRQWUROVRQWKHSHUVHYHUDWLRQPHDVXUH,QDQDGGLWLRQDOH[SHUL
PHQWZHVKRZHGWKDWRQO\SDWLHQWVZKRKDGQRWUHFHLYHGH[SODQDWLRQDERXW
WKHWDVNH[KLELWHGSHUVHYHUDWLRQ7KLV¿QGLQJLPSOLHVWKDWSHUVHYHUDWLRQDV
PHDVXUHG LQ WKH FODVVLFDO OLWHUDWXUHPD\ LQGLFDWH D GH¿FLHQF\ LQ SUREOHP
VROYLQJUDWKHUWKDQWKHSDWLHQWV¶LQDELOLW\WRDGMXVWWRFKDQJHV
&RQFOXVLRQV:HGHPRQVWUDWHGWKDWVFKL]RSKUHQLFSDWLHQWVFDQEHUHOLDEO\
VHSDUDWHGIURPWKHQRUPDOSRSXODWLRQEDVHGRQWKHLUSHUIRUPDQFHSUR¿OHLQ
D957QDYLJDWLRQWDVN8VLQJ957IRUPXOWLPRGDOLQWHJUDWLYHWHVWLQJRSHQV
QHZSRVVLELOLWLHVIRUWKHREMHFWLYHGLDJQRVLVRIVFKL]RSKUHQLD
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$XWRLPPXQH'LVHDVHVLQD6FKL]RSKUHQLF3DWLHQWDQGKLV
)DPLO\
&KULVWRV7KHOHULWLV
$WKHQV8QLYHUVLW\0HGLFDO6FKRRO3V\FKLDWU\'HSDUWPHQW
(JLQLWLR+RVSLWDO*UHHFH
.RVWDV.LOLGLUHDV&RQVWDQWLQ3VDUURV*HRUJH13DSDGLPLWULRX
(OHIWKHULD9DUVRX'LPLWULRV.5RXNDV3DYORV6DNNDV
&RQVWDQWLQ56ROGDWRV
2EMHFWLYHV:HSUHVHQWDVFKL]RSKUHQLFSDWLHQWZLWKYDULRXV LPPXQRORJL
FDO GLVHDVHV ,QVXOLQ 'HSHQGHQW 'LDEHWHV 0HOOLWXV ,''0 DXWRLPPXQH
7K\URLGLWLV3VRULDVLV9XOJDULVZKRFRPHVIURPDIDPLO\ZLWKDXWRLPPXQH
GLVHDVHV ZLWK FKDUDFWHULVWLF RUJDQ VSHFL¿F DXWRLPPXQLW\ 5KHXPDWRLG
$UWKULWLV %HFDXVH LPPXQRORJLFDO SDUDPHWHUV KDYH EHHQ SURSRVHG WR EH
LQYROYHGLQVFKL]RSKUHQLFSURFHVVZHVHDUFKIRUDQWLQHXURQDODQWLERGLHVLQ
WKHVFKL]RSKUHQLFSDWLHQWDQGRWKHUIDPLO\PHPEHUV
0HWKRGV :HVWHUQ%ORW DQDO\VLV RI VHUXP RI WKH VFKL]RSKUHQLF SDWLHQW
DQGRWKHUIDPLO\PHPEHUVZLWK/$1KXPDQ1HXUREODVWRPDFHOOOLQHDV
VRXUFHRIDQWLJHQ
5HVXOWV 7KHUH ZHUH DQWLERGLHV GHWHFWHG WR QHXURQDO SURWHLQV PROHFXODU
ZHLJKWWRN'DLQFOXGLQJDWDQGN'DDSSUR[LPDWHO\LQWKH
VFKL]RSKUHQLFSDWLHQW7KHSDWLHQWVHHPVWRKDYHDXQLTXHDQWLERG\SUR¿OH
&RQFOXVLRQV,PPXQRORJLFDOPHFKDQLVPVPD\EHLQYROYHGLQVRPHSDWLHQWV
ZLWKVFKL]RSKUHQLD
5HIHUHQFHV
.LOLGLUHDV./DWRY16WUDXVV'+*RULJ$'+DVKLP*$*RUPDQ -0
6DGLT 6$ $QWLERGLHV WR WKH KXPDQ  N'D KHDWVKRFN SURWHLQ LQ
SDWLHQWVZLWKVFKL]RSKUHQLD/DQFHW±
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5ROHRI3HUVLVWHQF\LQ6RFLDO$GMXVWPHQWRI6FKL]RSKUHQLF
3DWLHQWV
:DL67VH
'HSDUWPHQWRI$SSOLHG6RFLDO6WXGLHV&LW\8QLYHUVLW\RI+RQJ
.RQJ+RQJ.RQJ&KLQD
<DQ/X'DQQ\:+7DP
2EMHFWLYHV6RFLDODGMXVWPHQWLVDFRPPRQSUREOHPIDFHGE\VFKL]RSKUHQLF
SDWLHQWV%RWKWKHQHJDWLYHV\QGURPHDQGSHUVRQDOLW\IDFWRUVKDYHEHHQVXJ
JHVWHG WREH UHODWHG WR VXFKSUREOHP+RZHYHU WKH UHODWLRQVKLSVEHWZHHQ
VRFLDO DGMXVWPHQWQHJDWLYH V\QGURPH DQGSHUVRQDOLW\ IDFWRUV VWLOO UHPDLQ
XQFOHDU7KHSUHVHQW VWXG\DLPV WRHYDOXDWH WKH UHODWLRQVKLSVE\XVLQJ WKH
PHGLDWLRQDQDO\VLV
0HWKRGV)RUW\RQHVFKL]RSKUHQLFSDWLHQWVPDOHVDQGIHPDOHVDJH
WRZHUHUHFUXLWHGIURPDQRXWSDWLHQWFOLQLF7KH\ZHUHDOOGLDJQRVHG
DVSDUDQRLGVFKL]RSKUHQLDDQGKDGQRRWKHUD[LVRQHGLVRUGHUEDVHGRQWKH
'60,98SRQDUULYDOWKH\¿OOHGLQDSDFNRITXHVWLRQQDLUHVLQFOXGLQJWKH
%HFN 'HSUHVVLRQ ,QYHQWRU\ %', %HFN HW DO  7HPSHUDPHQW DQG
&KDUDFWHU ,QYHQWRU\ 7&, &ORQLQJHU  DQG 6RFLDO$GDSWDWLRQ 6HOI
HYDOXDWLRQ6FDOH 6$66%RVFHW DO)XUWKHUPRUH WKH\ZHUH UDWHG
E\D UHJLVWHUHGSV\FKLDWULVWRQ WKH3RVLWLYHDQG1HJDWLYH6\QGURPH6FDOH
3$166.D\HWDO
5HVXOWV0HGLDWLRQDQDO\VLVDVVXJJHVWHGE\%DURQ	.HQQ\ZDV
FRQGXFWHG6HSDUDWHFRUUHODWLRQDQDO\VHVZHUHFRQGXFWHGWRH[DPLQHWKUHH
DVVRFLDWLRQV 7&, DQG 6$66 7&, DQG QHJDWLYH V\QGURPH 16 16 DQG
6$66VFRUHVDQGIRXQGWKDW3HUVLVWHQF\3VFRUHVDVPHDVXUHGE\WKH7&,
039#(/4)#¬$)3/2$%23¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
ZHUHVLJQL¿FDQWO\DVVRFLDWHGZLWK6$66VFRUHVU SDQG16
VFRUHVU S16VFRUHVZHUHDOVRIRXQGWREHVLJQL¿FDQWO\
DVVRFLDWHGZLWK6$66VFRUHVU S,QWKHUHJUHVVLRQDQDO\VLV
RQO\WKH3VFRUHVZHUHIRXQGWRVLJQL¿FDQWO\SUHGLFWWKH6$66VFRUHV7R
JHWKHUWKHVHUHVXOWVVKRZHGWKDWSHUVLVWHQF\SHUVRQDOLW\ZDVDPHGLDWRUEH
WZHHQQHJDWLYHV\QGURPHDQGVRFLDODGMXVWPHQWLQVFKL]RSKUHQLFSDWLHQWV
'LVFXVVLRQ 3UHYLRXV UHVHDUFK LQ VWXG\LQJ VRFLDO DGMXVWPHQW SUREOHPV RI
VFKL]RSKUHQLF SDWLHQWVZHUHPDLQO\ IRFXVHG RQ WKH DVSHFWV RI QRQYHUEDO
GH¿FLWV DQG HPRWLRQ UHFRJQLWLRQGH¿FLWV ,Q DGGLWLRQ WR WKHVH GH¿FLWV WKH
SUHVHQW¿QGLQJVVXJJHVWHGWKDWSHUVRQDOLW\PLJKWEHDQRWKHUFUXFLDOIDFWRULQ
H[SODLQLQJWKHVRFLDODGMXVWPHQWSUREOHPV6SHFL¿FDOO\WKH¿QGLQJVVXJJHVW
WKDWKDYLQJWKHGLI¿FXOW\LQZLWKVWDQGLQJIDLOXUHDQGWHQGHQF\WRTXLWHDVLO\
ZKLFKFKDUDFWHUL]HGWKHGRZQVLGHRISHUVLVWHQFHZRXOGLPSDLUSDWLHQWV¶VR
FLDODGMXVWPHQW)XUWKHUVWXGLHVLQIRFXVLQJKRZWKHSHUVLVWHQF\SHUVRQDOLW\
DIIHFWVVRFLDOIXQFWLRQLQJLQVFKL]RSKUHQLFSDWLHQWVDUHZDUUDQWHG
5HIHUHQFHV
%HFN$76WHHU5	*DUELQ03V\FKRPHWULFSURSHUWLHVRIWKH
%HFN'HSUHVVLRQ,QYHQWRU\\HDUVRIHYDOXDWLRQ&OLQ3V\FKRO5HY

%RVF0'XELQL$	3ROLQ9'HYHORSPHQWDQGYDOLGDWLRQRID
VRFLDO IXQFWLRQLQJVFDOH WKH6RFLDO$GDSWDWLRQ6HOIHYDOXDWLRQ6FDOH(XU
1HXURSV\FKRSKDUP6XSSO66
&ORQLQJHU&56YUDNLF'0	3U]\EHFN75$SV\FKRELRORJL
FDOPRGHORIWHPSHUDPHQWDQGFKDUDFWHU$UFK*HQ3V\FKL
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+HDOWK&RQGLWLRQLQD*URXSRI6FKL]RSKUHQLF3DWLHQWVZLWK
/RQJWHUP,QWHUQPHQWLQD&HQWUH
)HUPLQD$ORQVRGHO7HVR
&HQWUR6DOXGPHQWDO%HQDYHQWH=DPRUD6SDLQ
(*RQ]iOH]3DEORV
2EMHFWLYHV 6HYHUDO UHVHDUFKV VKRZ WKDW SHRSOH ZKR VXIIHU IURP VFKL]R
SKUHQLDKDYHKLJKHUUDWHVRIPRUWDOLW\DQGRIFHUWDLQLOOQHVVHV2XUDLPLVWR
VWXG\WKHKHDOWKFRQGLWLRQLQDJURXSRIVFKL]RSKUHQLFSDWLHQWVZLWKPDQ\
\HDUVRILQWHUQPHQW
0HWKRGV7KHVDPSOHDUHFKURQLFVFKL]RSKUHQLFIHPDOHSDWLHQWVLQWHUQHG
LQDORQJWHUPXQLWRIRXUKRVSLWDO,WLVFROOHFWHGWKH&,(GLDJQRVHWKH
HYDOXDFLRQRIVHYHULW\RIWKHLOOQHVV&*,VFDOHDQGWKHHYDOXDFLRQRIWKH
JOREDO DFWLYLW\ (($* VFDOH 'DWD DUH FROOHFWHG VRFLRGHPRJUD¿FRV DQG
UHODWLQJWRLWVVWDWHRIKHDOWKDVLOLNHWKHSUHVHQFHRIRWKHULOOQHVVHV
5HVXOWV7KHDYHUDJHDJHRIWKHSDWLHQWVLV\HDUVDQGWKHWHUPRILQWHU
PHQWLV\HDUV7KHDYHUDJHVFRUHRQWKH(($*LVDQGDFFRUGLQJWR
WKH&*,DDUHVHYHUHO\RUH[WUHPHO\LOO$KDYHRYHUZHLJKWRU
REHVLW\DKDYHDQGDDUHGLDEHWLF$VXIIHUIURPRWKHU
LOOQHVVHV$DUHQRQ±VPRNHUV
&RQFOXVLRQV 7KH FKURQLF VFKL]RSKUHQLF SDWLHQWV VWXGLHG LQ RXU UHVHDUFK
DUHVHULRXVO\DIIHFWHGSK\VLFDOO\DQGSV\FKRORJLFDOO\$QGWKH\GHPDQGD
IUHFXHQWPHGLFDODVVLVWHQFH
32
'HYHORSPHQWDO5HIOH[HVDQG3056RI%DVDO*DQJOLDLQ
6FKL]RSKUHQLD
%1*DQJDGKDU
1DWLRQDO,QVWLWXWHRI0HQWDO+HDOWKDQG1HXURVFLHQFHV,QGLD
31-D\DNXPDU*9HQNDWDVXEUDPDQLDQ1-DQDNLUDPDLDK
06.HVKDYDQ
2EMHFWLYHV7KHVWXG\H[DPLQHGWKHKLJKHQHUJ\SKRVSKDWHPHWDEROLVPRI
EDVDOJDQJOLDLQDQWLSV\FKRWLFQDwYHVFKL]RSKUHQLDSDWLHQWVZLWKDQGZLWKRXW
GHYHORSPHQWDOUHÀH[HVLQFRPSDULVRQWRKHDOWK\VXEMHFWV
0HWKRGV1LQHWHHQDQWLSV\FKRWLFQDLYHVFKL]RSKUHQLFVRIZKRPHOHYHQKDG
GHYHORSPHQWDO UHÀH[HV DQG  DJHVH[PDWFKHG KHDOWK\ VXEMHFWV ZLWKRXW
GHYHORSPHQWDO UHÀH[HV XQGHUZHQW LQYLYR ' 3 0DJHQWLF 5HVRQDQFH
6SHFWURVFRS\RIEDVDOJDQJOLDRQD7VFDQQHU7KHDJHDWRQVHWRISV\
FKRVLVZDVDVVHVVHGXVLQJWKH,QWHUYLHZIRUWKH5HWURVSHFWLYH$VVHVVPHQWRI
WKH2QVHWRI6FKL]RSKUHQLD
5HVXOWV0HDQDJHDWRQVHWRISV\FKRVLVZDVVLJQL¿FDQWO\ORZHULQSDWLHQWV
ZLWK GHYHORSPHQWDO UHÀH[HV0HDQ 3&U7RWDO$73 UDWLR LQ ELODWHUDO EDVDO
JDQJOLDZDVORZHULQSDWLHQWVWKDQKHDOWK\VXEMHFWV7KHUDWLRZDVWKHOHDVW
LQSDWLHQWVZLWKGHYHORSPHQWDOUHÀH[HV) GI S7KHUH
ZDVQRFRUUHODWLRQEHWZHHQLOOQHVVGXUDWLRQDQGWKH056PHDVXUHU 
S 7KHVDPSOHZDVFODVVL¿HGDVµDEQRUPDO¶LIWKHDYHUDJH3&U7RWDO
$73UDWLRZDVOHVVWKDQPHDQ6'RIWKHWRWDOVDPSOH7KHSURSRUWLRQ
RIWKHµDEQRUPDO¶ZDVWKHKLJKHVWLQWKHJURXSRIVFKL]RSKUHQLDSDWLHQWVZLWK
GHYHORSPHQWDOUHÀH[
&RQFOXVLRQV 6FKL]RSKUHQLD SDWLHQWVZLWK GHYHORSPHQWDO UHÀH[HV KDG WKH
ORZHVW3&U7RWDO$73 UDWLR LQEDVDO JDQJOLD LQGLFDWLQJPRUH VHYHUHPHWD
EROLF DEQRUPDOLW\ 7KHVH SDWLHQWV KDG \RXQJHU DJHDWRQVHW RI SV\FKRVLV
7RJHWKHUWKLVVXJJHVWVQHXURGHYHORSPHQWDOHWLRSDWKRJHQHVLVLQVFKL]RSKUH
QLD
)LJXUH
/HJHQGV&RPSDUDWLYHSUR¿OHRIDEQRUPDODYHUDJH3&U7RWDO$73UDWLR
+LJKHVWSURSRUWLRQRIDEQRUPDODYHUDJH3&U7RWDO$73UDWLRZDVVHHQLQVFKL]RSKUHQLD
SDWLHQWVZLWKGHYHORSPHQWDOUHÀH[WKDQWKRVHZLWKRXWGHYHORSPHQWDOUHÀH[DQGQRUPDO
FRQWUROV
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&2;,QKLELWRU$XJPHQWDWLRQ7KHUDS\IRU6FKL]RSKUHQLD
0DUN5DSDSRUW
&HGDUV6LQDL0HGLFDO&HQWHU86$
&DWKHULQH%UHVHH.DW\D'HOUDKLP5DFKHO0DGGR[
'RXJ'ROQLFN2OLYHU$KPDGSRXU
2EMHFWLYHV 0OOHU DQG FROOHDJXHV   LQLWLDOO\ UHSRUWHG WKDW
&2;LQKLELWRUDXJPHQWDWLRQDSSHDUHGWRHQKDQFHUHFRYHU\IRUDFXWHO\LOO
SDWLHQWVZLWKVFKL]RSKUHQLDWUHDWHGZLWKULVSHULGRQH,QWULJXHGE\WKLVUHSRUW
ZHH[WHQGHGWKLVUHVHDUFKIRUFRQWLQXRXVO\LOORXWSDWLHQWVZLWKVFKL]RSKUH
QLDVWDELOL]HGRQHLWKHUULVSHULGRQHRURODQ]DSLQH
0HWKRGV  VXEMHFWV ZHUH UHFUXLWHG WR SDUWLFLSDWH LQ WKLV GRXEOH EOLQG
SODFHERFRQWUROOHGDXJPHQWDWLRQWULDORI&HOHEUH[PJGD\RUSODFHER
5HVXOWV1RGLIIHUHQFHVZHUHIRXQGEHWZHHQWKHVHWZRJURXSVLQWHUPVRI
3$116UDWLQJVDQGVXEVFDOHVFRUHVWKH&DOJDU\'HSUHVVLRQUDWLQJVVFDOH
VFRUHVPHDVXUHVRIH[WUDS\UDPLGDOVLGHHIIHFWVDQGDNDWKHVLDRUTXDOLW\RI
OLIH:HZHUHQRWDEOHWRGLVFHUQDQHIIHFWZKHQSDWLHQWVZHUHVXEGLYLGHG
LQWR WKRVH ZLWK LPPXQH DFWLYDWLRQ DV GH¿QHG E\ KDYLQJ V,/ UHFHSWRU
OHYHOVWZRVWDQGDUGGHYLDWLRQVEH\RQGWKHPHDQ
&RQFOXVLRQV$QDO\VLV RI WKH RYHUDOO LPPXQHGDWD IRU LQGLYLGXDOV WUHDWHG
ZLWK&HOHEUH[DXJPHQWDWLRQYHUVXVSODFHERGLGQRW¿QGDFRQVLVWHQWSDWWHUQ
RIFKDQJHLQPLWRJHQVWLPXODWHGRUVHUXPF\WRNLQHDQGF\WRNLQHUHFHSWRU
OHYHOV+RZHYHUVHFRQGDU\DQDO\VHVGHPRQVWUDWHGWKDWZHHNRI&HOHEUH[
DXJPHQWDWLRQVLJQL¿FDQWO\LQFUHDVHGSURGXFWLRQOHYHOVRI,/71)DOSKD
DQG,/IRUWKRVHSDWLHQWVZKRZHUHFRQFXUUHQWO\WUHDWHGZLWKRODQ]DSLQH
7KHVHHOHYDWLRQVUHVROYHGE\ZHHN7KHVHGDWDVXJJHVWV WKDW&2;LQ
KLELWRUDXJPHQWDWLRQWKHUDS\ZDVQRWXVHIXOLQWKHWUHDWPHQWRIFRQWLQXRXVO\
LOOSDWLHQWVZLWKVFKL]RSKUHQLD
5HIHUHQFHV
0OOHU15LHGHO06FKHSSDFK&%UDQGVWDWWHU%6RNXOOX6.UDPSH.
8OPVFKQHLGHU0(QJHO50ROOHU+6FKZDU]0%HQH¿FLDODQWLSV\
FKRWLFHIIHFWVRIFHOHFR[LEDGGRQWKHUDS\FRPSDUHGWRULVSHULGRQHDORQHLQ
VFKL]RSKUHQLD$P-3V\FKLDWU\
0OOHU18OPVFKQHLGHU06FKHSSDFK&6FKZDU]0$FNHQKHLO00ROOHU
+*UXEHU55LHGHO0&2; LQKLELWLRQDVD WUHDWPHQWDSSURDFK
039#(/4)#¬$)3/2$%23¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
LQ VFKL]RSKUHQLD LPPXQRORJLFDO FRQVLGHUDWLRQV DQG FOLQLFDO HIIHFWV RI
FHOHFR[LEDGGRQWKHUDS\(XU$UFK3V\FKLDWU\&OLQ1HXURVFL
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3RVWHU6HVVLRQ1R
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6HDVRQDO,QFLGHQFHRI2EVWHWULF&RPSOLFDWLRQVLQ
6FKL]RSKUHQLF3DWLHQWV
*LXVHSSH%HUVDQL
'HSDUWPHQWRI3V\FKLDWULF6FLHQFHVDQG3V\FKRORJLFDO0HGLFLQH
8QLYHUVLW\³/D6DSLHQ]D´RI5RPH,WDO\
'3XFFL*0DQXDOL5&OHPHQWH6*KHUDUGHOOL-)2VERUQ
33DQFKHUL
2EMHFWLYHV 0DQ\ VWXGLHV VKRZHG D VHDVRQRIELUWKHIIHFW RQ WKH ULVN RI
DGXOW VFKL]RSKUHQLD ZLWK D SHDN RI ELUWKV LQ ZLQWHUVSULQJ PRQWKV 7KH
LPSRUWDQFH RI2EVWHWULF &RPSOLFDWLRQV 2&V VXFK DV IHWDO DQG QHRQDWDO
LQMXU\LQWKHHWLRORJ\RIVFKL]RSKUHQLDKDVEHHQH[DPLQHGDVZHOOLQDODUJH
QXPEHU RI VWXGLHV DQG 2&V VXFK DV DVSK\[LD HFODPSVLD XPELOLFDO FRUG
FRPSOLFDWLRQVDQGRWKHUVFDQEHRIWHQIRXQGLQVLJQL¿FDQWO\KLJKHUGHJUHH
LQREVWHWULFKLVWRULHVRISDWLHQWV
7KHJRDORIWKLVVWXG\LVWRHYDOXDWHWKHGLVWULEXWLRQRI2&VLQWKHPRQWKVRI
WKH\HDULQDVDPSOHRIVFKL]RSKUHQLFSDWLHQWVLQRUGHUWRHYDOXDWHDSRWHQ
WLDOHIIHFWRIVHDVRQRIELUWKDOVRRQDQRWKHUQRQJHQHULFULVNIDFWRUDV2&V
0HWKRGV)UHTXHQF\DQGVHYHULW\RI2&VRIPDOHVFKL]RSKUHQLFSDWLHQWV
ZHUHDVVHVVHGE\PHDQVRIDVHPLVWUXFWXUHGLQWHUYLHZZLWKWKHPRWKHUVRI
WKHSDWLHQWVXVLQJWKH0LGZLIH3URWRFRORI3DUQDVHWDO7KHGDWHVRIELUWK
RI WKHSDWLHQWV ZLWKDQREVWHWULFKLVWRU\RI2&VDQGZLWKRXW2&V
ZHUHFRPSDUHGXVLQJWKHȤWHVW7KHVFKL]RSKUHQLFVZHUHVXEGLYLGHGLQWZR
JURXSVSDWLHQWVZLWKPLOG2&VQ DQGZLWKVHYHUH2&VQ 
5HVXOWV:HIRXQGDVLJQL¿FDQWO\KLJKHUIUHTXHQF\RIELUWKRISDWLHQWVZLWK
2&V LQVXPPHU PRQWKO\SDQGVHDVRQDOS7KLVREVHUYDWLRQZDV
FRQ¿UPHG E\ WKH DQDO\VLV RI PRQWKO\ S  DQG VHDVRQDO S 
GLVWULEXWLRQLQVFKL]RSKUHQLFVZLWKPLOG2&VWKHVHSDWLHQWVVKRZDSHDNRI
ELUWKLQ-XQHDQG-XO\
&RQFOXVLRQV7KHREVHUYHGUHODWLRQVKLSEHWZHHQVHDVRQRIELUWKDQG2&V
ZLWKDQLQFUHPHQWRI2&VLQVXPPHULVLQFRQWUDVWZLWKWKHJHQHUDO¿QGLQJ
RIDQLQFUHPHQWRIELUWKVRIVFKL]RSKUHQLFVLQZLQWHUDQGVSULQJ7KLVVXJ
JHVWVWKDWGLIIHUHQWIDFWRUVDUHLQYROYHGWRH[SODLQWKHRULJLQRI2&VDQGWKH
VHDVRQRIELUWKHIIHFWLQSDWLHQWVZKRZLOOGHYHORSWKHGLVHDVHLQDGXOWKRRG
WKDWFDQHYHQDFWLQDQRWV\QHUJLVWLFZD\7KHLQWHUDFWLRQEHWZHHQGLIIHUHQW
QRQJHQHWLFDQGJHQHWLFULVNIDFWRUVUHPDLQVDPDWWHUIRUGHEDWH
5HIHUHQFHV
7RUUH\ () 0XOOHU - 5DZOLQJV 5 HW DO  6HDVRQDOLW\ RI ELUWKV LQ
VFKL]RSKUHQLDDQGELSRODUGLVRUGHUDUHYLHZRIWKHOLWHUDWXUH6FKL]RSKUHQLD
5HVHDUFK
'DVVD' 6KDP3& YDQ2V - HW DO 5HODWLRQVKLS RI ELUWK VHDVRQ
WRFOLQLFDOIHDWXUHVIDPLO\KLVWRU\DQGREVWHWULFDOFRPSOLFDWLRQVLQVFKL]R
SK]UHQLD3V\FKLDWU\5HVHDUFK
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2EVWHWULF&RPSOLFDWLRQV6HYHULW\DQG%UDLQ0HDVXUHV
,QYHVWLJDWHG%\05,LQ3DWLHQWVZLWK6FKL]RSKUHQLD
*LXVHSSH%HUVDQL
'HSDUWPHQWRI3V\FKLDWULF6FLHQFHVDQG3V\FKRORJLFDO0HGLFLQH
8QLYHUVLW\³/D6DSLHQ]D´RI5RPH,WDO\
$4XDUWLQL*0DQXDOL$,DQQLWHOOL5&OHPHQWH&'L%LDVL
**XDOGL)&RQIRUWL-)2VERUQ33DQFKHUL
2EMHFWLYHV$YDULHW\RI LQYHVWLJDWLYHVWUDWHJLHVKDYHEHHQXWLOL]HG WRXQ
GHUVWDQGWKHQHXURELRORJLFDOVXEVWUDWHRIVFKL]RSKUHQLFLOOQHVV9HQWULFXODU
HQODUJHPHQW DQG FRUWLFDO JUH\ PDWWHU UHGXFWLRQ KDYH EHHQ GHPRQVWUDWHG
LQ VFKL]RSKUHQLD XVLQJ ERWK &RPSXWHG 7RPRJUDSK\ &7 DQG 0DJQHWLF
5HVRQDQFH,PDJLQJ05,3UHYLRXVVWXGLHVKDYHVXJJHVWHGDQDVVRFLDWLRQ
EHWZHHQWKHVHEUDLQDEQRUPDOLWLHVDQGHQYLURQPHQWDOULVNIDFWRUVIRUVFKL]R
SKUHQLDVXFKDV2EVWHWULF&RPSOLFDWLRQV2&V7KHDLPRIWKLVVWXG\ZDV
WRFRUUHODWH2&VVHYHULW\ZLWKVLPSOHOLQHDUPHDVXUHVRIODWHUDOYHQWULFXODU
HQODUJHPHQWELIURQWDOVSDQELIURQWDOLQGH[DQGELFDXGDWHUDWLRDQGWHPSR
UDOOREHDWURSK\LQWHUXQFDOLQGH[
0HWKRGV2XU VWXG\ JURXS LQFOXGHG PDOH SDWLHQWVZLWK VFKL]RSKUHQLD
UHFUXLWHGDWWKH,,,3V\FKLDWULF&OLQLF8QLYHUVLW\RI5RPH³/D6DSLHQ]D´
2&VZHUHDVVHVVHGE\DVWUXFWXUHGLQWHUYLHZZLWKELRORJLFDOPRWKHUXVLQJ
WKH0LGZLIH3URWRFROE\3DUQDV
%UDLQ05,VFDQVZHUHSHUIRUPHGRQD7HVOD3KLOLSV*\URVFDQPDJQHWLF
UHVRQDQFHLPDJHUZLWKLPDJHVREWDLQHGLQD[LDOFRURQDODQGVDJLWWDOSODQHV
6WDQGDUGSXOVHVHTXHQFHVZHUHXVHG7ZHLJKWHGLPDJHV757(
DQG7ZHLJKWHGLPDJHV757(ZLWKDVHFWLRQWKLFNQHVVRI
PP /LQHDU PHDVXUHPHQWV ZHUH SHUIRUPHG RQ 7ZHLJKWHG D[LDO LPDJHV
XVLQJWKHFRPSXWHUVRIWZDUHSDFNDJH*UDE,W;37RHVWLPDWHWKHVL]HRIWKH
ODWHUDOYHQWULFOHVZHXVHGWKHELIURQWDOVSDQPD[LPXPZLGWKEHWZHHQWKH
WLSVRIWKHIURQWDOKRUQVRIWKHODWHUDOYHQWULFOHVDWWKHWHPSRUDOOHYHOWKH
ELIURQWDOLQGH[ELIURQWDOVSDQGLYLGHGE\WKHPD[LPXPZLGWKRIWKHEUDLQ
DWWKHVDPHOHYHOPXOWLSOLHGE\DQGWKHELFDXGDWHUDWLRPLQLPXPLQWHU
FDXGDWHGLVWDQFHGLYLGHGE\EUDLQZLGWKDORQJWKHVDPHOLQH7RHVWLPDWHWKH
VL]HRIWKHPHGLDOWHPSRUDOOREHZHXVHGWKHLQWHUXQFDOGLVWDQFHGLVWDQFH
EHWZHHQWKHXQFLRI WKHWHPSRUDO OREHVDW WKHOHYHORIVXSUDVHOODUFLVWHUQ
7KHUHODWLRQVKLSEHWZHHQEUDLQ05,HVWLPDWHVDQG2&VVFRUHVZDVHYDOX
DWHGE\OLQHDUUHJUHVVLRQPRGHOOLQJ
5HVXOWV:HGLGQRW¿QGDUHODWLRQVKLSEHWZHHQ2&VVHYHULW\DQGWKHYDOXHV
RIDQ\FHUHEUDOLQGH[
&RQFOXVLRQV 7KHVH ¿QGLQJV VXJJHVW WKDW ODWHUDO YHQWULFXODU HQODUJHPHQW
DQG WHPSRUDO OREHDWURSK\PD\QRWEH UHODWHG WR WKHVHYHULW\RI2EVWHWULF
&RPSOLFDWLRQV+RZHYHUWKHUHODWLYHO\VPDOOVDPSOHVL]HOLPLWVDQ\GH¿QL
WLYHK\SRWKHVLV
5HIHUHQFHV
6FKXO]H.0F'RQDOG&)UDQJRQ66KDP3HWDO+LSSRFDPSDOYROXPH
LQ IDPLOLDO DQG QRQIDPLOLDO VFKL]RSKUHQLF SUREDQGV DQG WKHLU XQDIIHFWHG
UHODWLYHV%LRO3V\FKLDWU\$SU
%HUVDQL*7DGGHL,0DQXDOL*HWDO6HYHULW\RI2EVWHWULF&RPSOLFDWLRQV
DQGULVNDGXOWVFKL]RSKUHQLDLQPDOHSDWLHQWVDFDVHFRQWUROVWXG\7KH-RXU
QDORI0DWHUQDO)HWDODQG1HRQDWDO0HGLFLQH
32
&RPSOHPHQW&ODVVLFDO3DWKZD\$OWHUDWLRQVLQ6FKL]RSKUHQLD
$QQD%R\DM\DQ
,QVWLWXWHRI0ROHFXODU%LRORJ\1$65$$UPHQLD
6YHWODQD+DNRE\DQ5REHUW6LP
2EMHFWLYHV ,Q WKH OLJKWRIERWK WKHDXWRLPPXQHDQGQHXURGHYHORSPHQWDO
K\SRWKHVHVRIVFKL]RSKUHQLDLWLVUHDVRQDEOHWRVXJJHVWDQLPSRUWDQWUROHIRU
FODVVLFDOSDWKZD\RIFRPSOHPHQWDFWLYDWLRQLQWKHSDWKRJHQHVLVRIVFKL]R
SKUHQLD,QWKHSUHVHQWVWXG\WKHWRWDOKHPRO\WLFDFWLYLW\RIWKHFRPSOHPHQW
DQGWKHDFWLYLWLHVRILQGLYLGXDOFRPSOHPHQWFRPSRQHQWV&&&DQG&
ZHUHGHWHUPLQHGLQWKHEORRGVHUXPRIVFKL]RSKUHQLFSDWLHQWVZLWKSRVLWLYH
IDPLO\KLVWRU\RIWKHGLVHDVHDQGKHDOWK\VXEMHFWV
0HWKRGV  VFKL]RSKUHQLD DIIHFWHG VXEMHFWVZLWK SRVLWLYH IDPLO\ KLVWRU\
RI VFKL]RSKUHQLD DQG  KHDOWK\ YROXQWHHUV ZHUH LQYROYHG LQ WKLV VWXG\
7KH DIIHFWHG VXEMHFWVZHUHPXOWLSOHHSLVRGH VFKL]RSKUHQLF SDWLHQWV LQ WKH
DFXWH VWDJH RI LOOQHVV7KH\ZHUH GLDJQRVHG DV KDYLQJ WKH SDUDQRLG IRUP
RIVFKL]RSKUHQLDDFFRUGLQJWRWKH,&'$JHDWWKH¿UVWRQVHWRIVFKL]R
SKUHQLDUDQJHGIURPWR\HDUVGXUDWLRQRI WKH LOOQHVVUDQJHGIURP
WR\HDUVSDWLHQWVZHUHGUXJIUHHIRUDPHDQSHULRGRIZHHNV7KH
UHVWRIWKHSDWLHQWVZHUHWUHDWHGZLWKW\SLFDOQHXUROHSWLFV$KHPRO\WLFDVVD\
ZDVEDVHGRQWKHVWDQGDUGFRPSOHPHQWKHPRO\VLVWHVWIRUWKHFODVVLFDO
SDWKZD\RIKXPDQVHUXPFRPSOHPHQW)RUGDWDDQDO\VLVRUGLQDOGHVFULSWLYH
VWDWLVWLFVDQG0DQQ:KLWQH\8WHVWZHUHXVHG
5HVXOWV,QFRPSDULVRQWRKHDOWK\VXEMHFWVWKHPHDQYDOXHVRIWKHKHPRO\W
LFDFWLYLWLHVRIWKH&&DQG&FRPSOHPHQWFRPSRQHQWVLQWKHVHUXPRI
VFKL]RSKUHQLFSDWLHQWVZHUHVLJQL¿FDQWO\KLJKHUDQGWKHPHDQYDOXHRIWKH
KHPRO\WLFDFWLYLW\RIWKH&FRPSOHPHQWFRPSRQHQWZDVVLJQL¿FDQWO\ORZ
HU+RZHYHUQRVLJQL¿FDQWGLIIHUHQFHZDVIRXQGEHWZHHQWKHPHDQYDOXHV
RIWKHWRWDOKHPRO\WLFDFWLYLW\RIFRPSOHPHQWLQVFKL]RSKUHQLFSDWLHQWVDQG
KHDOWK\VXEMHFWV&KHPRO\WLFDFWLYLW\ZDVWLPHVKLJKHULQPHGLFDWHG
SDWLHQWVWKDQLQGUXJIUHHSDWLHQWVWKDWPLJKWUHÀHFWWKHQHXUROHSWLFLQGXFHG
FHOOWR[LFLW\DSRSWRVLVQHFURVLVDQGFRPSOHPHQWDFWLYDWLQJDELOLW\
&RQFOXVLRQV 7KH UHVXOWV RI WKLV VWXG\ VXJJHVW WKDW WKH SDWKRJHQHVLV RI
VFKL]RSKUHQLDLVDVVRFLDWHGZLWKDOWHUDWLRQVLQDFWLYLWLHVRIFRPSOHPHQWFODV
VLFDOSDWKZD\FRPSRQHQWV:HSURSRVH WKDW WKHVHDOWHUDWLRQVDUH LQYROYHG
039#(/4)#¬$)3/2$%23¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
LQDXWRLPPXQHDQGDSRSWRWLFSDWKRPHFKDQLVPVFRQWULEXWHGWRWKHGHYHORS
PHQWRIVFKL]RSKUHQLD
5HIHUHQFHV
*LODG , HW DO  (YDOXDWLRQ RI WKH QHXURWR[LF DFWLYLW\ RI W\SLFDO DQG
DW\SLFDO QHXUROHSWLFV UHOHYDQFH WR LDWURJHQLF H[WUDS\UDPLGDO V\PSWRPV
&HOO0RO1HXURELRO
.R]ORYVN\1HWDO*6.DQGWKHQHXURGHYHORSPHQWDOK\SRWKHVLVRI
VFKL]RSKUHQLD(XU1HXURSV\FKRSKDUPDFRO
0XOOHU1HWDO7KHLPPXQHV\VWHPDQGVFKL]RSKUHQLD$QLQWHJUDWLYH
YLHZ$QQ1<$FDG6FL
:KDOH\.1RUWK-+DHPRO\WLFDVVD\VIRUZKROHFRPSOHPHQWDFWLYLW\
DQG LQGLYLGXDOFRPSRQHQWV ,Q'RRGV$:6LP5%HGV&RPSOHPHQW$
SUDFWLFDODSSURDFK2[IRUG8QLYHUVLW\SUHVV2[IRUGSS
32
$Q$VVRFLDWLRQ6WXG\RI6FKL]RSKUHQLDZLWK(UE%
&KXOPRRQ.LP
2VDND0HGLFDO&ROOHJH-DSDQ
+LURNL.LNX\DPD-XQ6DNDL-XQ.RK+LURVKL<RQHGD
2EMHFWLYHV 7KH HWLRORJ\ RI VFKL]RSKUHQLD LV VWLOO FRQWUDYHUVLDO GHVSLWH
DOOHIIRUWV*HQHWLFPDWWHUVKRZHYHUDUHVXSSRVHG WREH WDNHQSDUW LQ WKH
FDXVHV 7KH QHXUHJOLQ JHQH LV VWURQJO\ FDQGLGDWH JHQH ,Q  +DNDN
HW DO UHSRUWHG  P\HOLQDWLRQUHODWHG JHQHV LQFOXGLQJ (UE% JHQH KDYH
DOWHUHGH[SUHVVLRQOHYHOVLQSRVWPRUWHPGRUVRODWHUDOSUHIURQWDOFRUWH[RIWKH
VFKL]RSKUHQLD EUDLQ WLVVXH$ VLPLODU UHSRUW KDV VKRZQE\$VWRQ LQ 
+HDQDO\VHGPLGGOH WHPSRUDOJ\UXVRIVFKL]RSKUHQLFEUDLQDQGIRXQG WKH
VLJQL¿FDQWGHFUHDVH LQ WKHH[SUHVVLRQRIP\HOLQDWLRQUHODWHGJHQHV(UE%
DQG0$*
0HWKRGV	5HVXOWV:HLQYHVWLJDWHG(UE%JHQHDPRQJWKHGHWHFWHGJHQHV
7KH(UE%JHQH SOD\V WKH UHFHSWRU IRU1HXUHJOLQ DQG KDV  IXQFWLRQDO
613V RQ WKH JHQH'1$ VDPSOHVZHUH H[WUDFWHG IURPSDWLHQWV GLDJQRVHG
DVVFKL]RSKUHQLDDFFRUGLQJWR'60,975FULWHULD'HWHUPLQHG613VZHUH
DQDO\]HG E\ /LJKWF\FOHU5RFKH  613UV  KDV EHHQ DQDO\]HG
DOUHDG\DQGVKRZQQRVLJQLI¿FDQFH:HZLOOVKRZWKHFRQVHTXHQFHRIDOO
613VDWWKHFRQIHUHQFH
32
'RQHSH]LOIRUWKH&RJQLWLYH,PSDLUPHQWVLQ&KURQLF
6FKL]RSKUHQLD
<RXQJ+RRQ.LP
,QMH8QLYHUVLW\%XVDQ6RXWK.RUHD
%RQJ-X/HH
2EMHFWLYHV7KLV VWXG\ DLPHG WR SURYLGH HYLGHQFH RQ WKH EHQH¿FDO HIIHFW
RI DFHW\OFKROLQHVWHUDVH LQKLELWRUV IRU WKH PDQDJHPHQW RI FRJQLWLYH G\V
IXQFWLRQV LQ VFKL]RSKUHQLD 7KH HIIHFWV RI  ZHHN GRQHSH]LO DGMXQFWLYH
WUHDWPHQWVRQWKHFRJQLWLYHLPSDLUPHQWVZHUHLQYHVWLJDWHGLQSDWLHQWVZLWK
FKURQLFVFKL]RSKUHQLD
0HWKRGV 7ZHQW\IRXU VXEMHFWV VWDELOL]HG RQ KDORSHULGRO PJGD\
WUHDWPHQW IRU DPLQLPXPSHULRGRIPRQWKVZHUHHQWHUHG LQWRDGRXEOH
EOLQG SODFHERFRQWUROOHG WULDO RI GRQHSH]LO DGMXQFWLYH WUHDWPHQW6XEMHFWV
ZHUHUDQGRPO\DVVLJQHGXQGHUGRXEOHEOLQGFRQGLWLRQVWRUHFHLYHPJGD\
GRQHSH]LOQ RUSODFHERQ IRUZHHNV$WEDVHOLQHZHHN
WKH\ZHUHHYDOXDWHGZLWKWKH0LQL0HQWDO6WDWH([DPLQDWLRQ006(%ULHI
3V\FKLDWULF5DWLQJ6FDOH%356DQGVWDQGDUGL]HGQHXURSV\FKRORJLFDODV
VHVVPHQWV
5HVXOWV 'RQHSH]LO WUHDWPHQW UHVXOWHG LQ QR VLJQL¿FDQW LPSURYHPHQW LQ
%3566XEMHFWVVKRZHGVOLJKWLPSURYHPHQWVLQVHYHUDOFRJQLWLYHPHDVXUHV
$VLJQL¿FDQWLPSURYHPHQWZDVQRWHGLQ006(VFRUHVS'LIIHUHQFH
LQ WKHPHDQVFRUHRI006(EHWZHHQ WKHGRQHSH]LO DQGSODFHERJURXSDW
WKH HQGSRLQW RI VWXG\ DSSURDFKHG VLJQL¿FDQFH S  $PRQJ VHYHUDO
GRPDLQVRIFRJQLWLYHIXQFWLRQVVWURQJLPSURYHPHQWVZHUHIRXQGLQYHUEDO
UHFRJQLWLRQ DQG YLVXDO UHFDOO PHPRU\ S ,Q DGGLWLRQ DGMXQFWLYH
GRQHSH]LOWHQGHGWRLPSURYHLQGLJLWVSDQEDFNZDUGS%XWWKHUHZHUH
QRHIIHFWVRQWKHH[HFXWLYHIXQFWLRQWHVWV1RVLJQL¿FDQWFKDQJHVZHUHQRWHG
LQDGYHUVHHYHQWVIROORZLQJWKHDGGLWLRQRIGRQHSH]LOWRKDORSHULGRO
&RQFOXVLRQV'RQHSH]LODSSHDUV WREHDQHIIHFWLYHWUHDWPHQWIRU WKHPDQ
DJHPHQWRILPSDLUHGFRJQLWLRQVEXWQRWIRUWKHFRQWURORISV\FKRWLFV\PS
WRPVLQSDWLHQWVZLWKFKURQLFVFKL]RSKUHQLD7RFRQ¿UPRXU¿QGLQJVIXUWKHU
LQYHVWLJDWLRQLVPDQGDWHGZLWKDODUJHUVDPSOHRIVXEMHFWV
5HIHUHQFHV
7XJDO 2  $ GRXEOHEOLQG SODFHER FRQWUROOHG FURVVRYHU WULDO RI
DGMXQFWLYHGRQHSH]LOIRUFRJQLWLYHLPSDLUPHQWLQVFKL]RSKUHQLD,QW-1HX
URSV\FKRSKDUPDFRO
)ULHGPDQ -, $ GRXEOH EOLQG SODFHER FRQWUROOHG WULDO RI GRQHSH]LO
DGMXQFWLYHWUHDWPHQWWRULVSHULGRQHIRUWKHFRJQLWLYHLPSDLUPHQWRIVFKL]R
SKUHQLD%LRO3V\FKLDWU\
%XFKDQDQ5:$QRSHQODEHOHGWULDORIDGMXQFWLYHGRQHSH]LOIRUFRJ
QLWLYHLPSDLUPHQWVLQSDWLHQWVZLWKVFKL]RSKUHQLD6FKL]RSKU5HV
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&RUWLFR&HUHEHOODU+\SHUPHWDEROLVPLQ3DWLHQWVZLWK
6FKL]RSKUHQLD
0LORVODY.RSHFHN
3V\FKLDWULF&HQWUH3UDJXH&KDUOHV8QLYHUVLW\UG6FKRRORI
0HGLFLQHLQ3UDJXH&]HFK5HSXEOLF
)LOLS6SDQLHO2WDNDU%HORKODYHN,YR3DFOW-LUL+RUDFHN

2EMHFWLYHV$LPRIRXUVWXG\ZDVWRGHWHFWWKHUHVWLQJEUDLQPHWDEROLFSDW
WHUQ LQ DQWLSV\FKRWLF QDLYH SDWLHQWVZLWK D ¿UVW HSLVRGH RI VFKL]RSKUHQLD
:HK\SRWKHVL]HGFRUWLFRVXEFRUWLFRFHUHEHOODUG\VIXQFWLRQLQSDWLHQWVZLWK
VFKL]RSKUHQLD
0HWKRGV:HDVVHVVHGDQWLSV\FKRWLFQDLYHULJKWKDQGHGSDWLHQWVZLWKD
¿UVWHSLVRGHRIVFKL]RSKUHQLDGLDJQRVHGDFFRUGLQJWR,&'DQGWKHFRQ
WUROJURXSRIPHQWDOO\KHDOWK\FRQWUROV7KHUHJLRQDOJOXFRVHXSWDNHZDV
LQYHVWLJDWHGE\WKHXVHRI)'*3(7,PDJHDQDO\VLVZDVSHUIRUPHGXVLQJ
6WDWLVWLFDO3DUDPHWULF0DSSLQJ6307KHWZRVDPSOHWWHVWZDVXVHGWR
GHWHUPLQH WKHGLIIHUHQFHVEHWZHHQ WZRJURXSV7KH VLJQL¿FDQFHRIGLIIHU
HQFHVEHWZHHQJURXSVZHUHJUDGHGLQWRWKUHHGLIIHUHQFHOHYHORIHYLGHQFH
/ SHDNKHLJKW FRUUHFWHG3YDOXH / H[WHQWFRUUHFWHG3YDOXH
DQG/XQFRUUHFWHG3YDOXH
5HVXOWV&RPSDULVRQVRIJOXFRVHEUDLQPHWDEROLVPEHWZHHQSDWLHQWVZLWK
VFKL]RSKUHQLDDQGFRQWUROJURXSVKRZHGDVLJQL¿FDQWO\LQFUHDVHGPHWDER
OLVP LQ OHIW SRVWHULRU FHUHEHOOXP OHIW IXVVLIRUPLV J\UXV %$  OHIW LQI
IURQWDO J\UXV %$  DQG OHIW SRVWFHQWUDO J\UXV SHDNKHLJKW FRUUHFWHG
3YDOXH:HGLG QRW¿QG DQ\ VLJQL¿FDQW GLIIHUHQFH LQ RWKHU EUDLQ
UHJLRQVXVLQJ WKLVFRQVHUYDWLYHFULWHULD IRUH[SORUDWRU\DQDO\VLV:KHQZH
XVHH[WHQWFRUUHFWHG3YDOXHZHIRXQGLQFUHDVLQJ)'*XSWDNHLQ
ERWKSRVWHULRUOREHVRIFHUHEHOODUKHPLVSKHUHVOHIWLQVXODDQGPLGGOHWHP
SRUDOJ%$:HGLGQRW¿QGDQ\VLJQL¿FDQWGHFUHDVHRI)'*XSWDNH
LQSDWLHQWVJURXS&RPSDULVRQVRIJOXFRVHEUDLQPHWDEROLVPEHWZHHQJURXSV
XVLQJ K\SRWKHVHV GULYHQ XQFRUUHFWHG 3YDOXH   GHWHFWHG LQFUHDVLQJ
)'*XSWDNH LQSDWLHQWVJURXS LQ WKH OHIW LQI IURQWDOJ %$ OHIW
IXVVLIRUPLVJ%$OHIWDQGULJKWPLGGOHWHPSRUDOJ%$OHIWSRVW
FHQWUDOJ%$DQGSRQV
&RQFOXVLRQV &HUHEHOODU K\SHUPHWDEROLVP LQ DQWLSV\FKRWLF QDLYH SDWLHQWV
ZLWK¿UVWHSLVRGHRI VFKL]RSKUHQLD LV LQDJUHHPHQWZLWKFRJQLWLYHG\VPH
WULDFHUHEHOODUVVRIWVLJQVDQGIDFLOLWDWHGFODVVLFDOH\HEOLQNFRQGLWLRQLQJLQ
SDWLHQWVZLWKVFKL]RSKUHQLD)URQWRWHPSRUDOK\SHUPHWDEROLVPLVLQDJUHH
PHQWZLWKGLVFRQQHFWLRQK\SRWKHVLVEHWZHHQIURQWDODQGWHPSRUDOFRUWH[LQ
VFKL]RSKUHQLD2XUQHXURLPDJLQJGDWD VXJJHVW FRUWLFRFHUHEHOODU G\VIXQF
WLRQLQGUXJQDLYHSDWLHQWVZLWKVFKL]RSKUHQLD
5HIHUHQFHV
$QGUHDVHQ1&$8QLWDU\0RGHORI6FKL]RSKUHQLD%OHXOHUµVÄ)UDJ
PHQWHG3KUHQH³DV6FKL]HQFHSKDO\
$UFK*HQ3V\FKLDWU\
)ULVWRQ.-)ULWK&'6FKL]RSKUHQLDDGLVFRQQHFWLRQV\QGURPH"&OLQ
1HXURVFL
+R%&0ROD&$QGUHDVHQ1&&HUHEHOODUG\VIXQFWLRQLQQHXUROHSWLF
QDLYHVFKL]RSKUHQLDSDWLHQWVFOLQLFDOFRJQLWLYHDQGQHXURDQDWRPLFFRUUH
ODWHVRIFHUHEHOODUQHXURORJLFVLJQV%LRO3V\FKLDWU\
$FNQRZOHGJHPHQWV 7KLV VWXG\ ZDV VXSSRUWHG E\ WKH UHVHDUFK JUDQW
0IURP0LQLVWU\RI(GXFDWLRQ<RXWKDQG6SRUWV WKH&]HFK
5HSXEOLF
039#(/4)#¬$)3/2$%23¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
32
$/RZHU%RQH'HQVLW\LQ6FKL]RSKUHQLF3DWLHQWV&RPSDUHGWR
1RUPDO&RQWUROV
7VXR+XQJ/DQ
<X/L+RVSLWDO'2+7DLZDQ
&KLX+VLHK-DQH<DQJ1DQ3LQJ0LQJ<LK/HH+VLDR5X6XQ
-LQ+DQ6RX7]RQJ0LQJ+ZX
2EMHFWLYHV0RVWVFKL]RSKUHQLFSDWLHQWVWRRNDQWLSV\FKRWLFVIRUDORQJWLPH
DQGWKH\WKXVKDYHDKLJKHUVHUXPSURODFWLQOHYHOFRPSDUHGWRWKHJHQHUDO
SRSXODWLRQ ,W ZDV SRVWXODWHG WKDW D ORZHU ERQH GHQVLW\PLJKW KDSSHQ WR
FKURQLFVFKL]RSKUHQLFSDWLHQWV
0HWKRGV7KLVPXOWLFHQWHUQDWXUDOLVWLFVWXG\HQUROOHGLQSDWLHQWV
0)PHHWLQJ'60,9FULWHULDIRUVFKL]RSKUHQLDRUVFKL]RDIIHFWLYHGLV
RUGHULQ7DLZDQ3DWLHQWVZHUHWDNLQJDYDULHW\RIFRQYHQWLRQDODQGDW\SLFDO
DQWLSV\FKRWLFPHGLFDWLRQVIRUDWOHDVWPRUHWKDQ\HDUV:HDOVRUHFUXLWHG
UHJLRQPDWFKHGQRUPDOFRQWUROVZKRKDYHQRH[SRVXUHKLVWRU\WRDQWLS
V\FKRWLFVEHIRUH WKHVWXG\7KHERQHGHQVLW\ZDVHYDOXDWHGE\XOWUDVRXQG
GHQVLWRPHWU\486,,DQGUHFRUGHGLQWKHXQLWRI%8$G%0+]
5HVXOWV$IWHU DGMXVWHG IRU VH[%0, DQG DJH WKHPHDQ ERQH GHQVLW\ RI
VFKL]RSKUHQLF SDWLHQWV LV VWDWLVWLFDOO\ ORZHU WKDQ QRUPDO FRQWUROV E\ 
G%0+]SYDOXHLQWKHOLQHDUUHJUHVVLRQPRGHODQDO\VLV
&RQFOXVLRQV,WVXJJHVWHGWKHPHDQERQHGHQVLW\RIFKURQLFVFKL]RSKUHQLF
LQSDWLHQWVLVVLJQL¿FDQWO\ORZHUWKDQQRUPDOFRQWUROVLQ7DLZDQ
5HIHUHQFHV
*UHHQVSDQ6/&KHQJ60LOOHU3'2UZROO(648630$7UDLOV*URXS
&OLQLFDOSHUIRUPDQFHRIDKLJKO\SRUWDEOHVFDQQLQJFDOFDQHDOXOWUD
VRQRPHWHU2VWHRSRURV,QW
*RQQHOOL6&HSROODUR&7KHXVHRIXOWUDVRXQGLQWKHDVVHVVPHQWRI
ERQHVWDWXV-(QGRFULQRO,QYHVW
+DOEUHLFK85RMDQVN\13DOWHU6+UHVKFK\VK\Q0.UHHJHU-%DNKDL<
5RVDQ 5'HFUHDVHG ERQHPLQHUDO GHQVLW\ LQPHGLFDWHG SV\FKLDWULF
SDWLHQWV3V\FKRVRP0HG
<DQJ13/LQ7:DQJ&6&KRX3&RPPXQLW\EDVHGVXUYH\RIORZ
TXDQWLWDWLYHXOWUDVRXQGYDOXHVRIFDOFDQHXV LQ7DLZDQ-&OLQ'HQVLWRP

0DJXLUH *$  3URODFWLQ HOHYDWLRQ ZLWK DQWLSV\FKRWLF PHGLFDWLRQV
PHFKDQLVPVRIDFWLRQDQGFOLQLFDOFRQVHTXHQFHV-&OLQ3V\FKLDWU\6XSSO

32
&RPSOLDQFHLQ)LUVW(SLVRGH
3V\FKRVLV8VLQJ(OHFWURQLF0RQLWRULQJ
&ROLQ2¶'RQQHOO
25<*(15HVHDUFK&HQWUH$XVWUDOLD
0LFKDHOD2¶5HJDQ0DUJDUHW'HOO¶2OOLR0HOLVVD%RDVPDQ
3DW'0F*RUU\
2EMHFWLYHV7RREMHFWLYHO\LQYHVWLJDWHFRPSOLDQFHLQ¿UVWHSLVRGHSV\FKRVLV
XWLOLVLQJHOHFWURLQFSLOOFDSPRQLWRULQJ
0HWKRGV3DUWLFLSDQWVZHUHUHFUXLWHGDQGFRQVHQWHGIURPWKH(DUO\3V\FKR
VLV3UHYHQWLRQDQG,QWHUYHQWLRQ&HQWUH(33,&DVXESURJUDPRI25<*(1
<RXWK +HDOWK 7KLUWHHQ VXEMHFWV ZHUH RQ DULSLSUD]ROH  TXHWLDSLQH 
RODQ]DSLQHULVSHULGRQHDQGDPLVXOSULGH$QWLSV\FKRWLFPHGLFDWLRQZDV
GLVSHQVHGLQSLOOERWWOHV¿WWHGZLWKDQHOHFWURQLFSLOOFDS0HGLFDWLRQ(YHQW
0RQLWRULQJ 6\VWHP 0(06$DUGH[ /WG 'RZQORDGLQJ RI WKH PRQLWRUV
WRRNSODFHDWDQRXWSDWLHQWRUGRPLFLOLDU\YLVLW
:H LQYHVWLJDWHG ¶7DNLQJ &RPSOLDQFH¶ WKH SHUFHQWDJH RI SUHVFULEHG
GRVHV WDNHQ  µ&RUUHFW 'RVLQJ¶ WKH SHUFHQWDJH RI GD\V RQ ZKLFK WKH
FRUUHFWQXPEHURIGRVHVZHUH WDNHQDQG µ7KHUDSHXWLF&RYHUDJH¶ZKLFK
FRUUHVSRQGVWRWKHFRPSXWHGSHUFHQWDJHRIWLPHWKHSUHVFULEHGDQWLSV\FKRWLF
ZDVPDLQWDLQLQJWKHUDSHXWLFDFWLRQEDVHGRQWKHHVWLPDWHGGXUDWLRQRIWKH
GUXJ¶V WKHUDSHXWLF DFWLRQ DQG WKH PHDVXUHG LQWHUGRVH LQWHUYDOV µ&RUUHFW
'RVLQJ¶ORRNVDWDFWXDOGD\WRGD\GUXJXVHLQFRUSRUDWLQJGD\E\GD\YDUL
DELOLW\LQGRVLQJDQGLVQRWLQÀXHQFHGE\FDWFKXSGRVLQJ,WLVVWULFWHUWKDQ
µ7DNLQJ&RPSOLDQFH¶µ7KHUDSHXWLF&RYHUDJH¶GHFUHDVHVLQSURSRUWLRQWRWKH
QXPEHUDQGGXUDWLRQRILQWHUYDOVWKDWH[FHHGWKHHVWLPDWHGGXUDWLRQRIGUXJ
DFWLRQ$YDOXH LQGLFDWHVDOO LQWHUGRVH LQWHUYDOVDUH VKRUWHU WKDQ WKH
HVWLPDWHGGXUDWLRQRIGUXJDFWLRQ3DUWLFLSDQWVZKRH[SHULHQFHGXQFKDQJHG
RU LQFUHDVHG SV\FKRWLF V\PSWRPV ZHUH FRPSDUHG ZLWK SDUWLFLSDQWV ZKR
LPSURYHGGXULQJWKHPRQLWRULQJSHULRG
5HVXOWV7KHLPSURYHGZHUHVLJQL¿FDQWO\PRUHDGKHUHQWµ7DNLQJ&RPSOL
DQFH¶ YV S   µ&RUUHFW'RVLQJ¶ YV S  
µ7KHUDSHXWLF&RYHUDJHYVS 
7\SH RI DW\SLFDO DQWLSV\FKRWLF KDG QR HIIHFW RQ µ7DNLQJ &RPSOLDQFH¶ RU
µ&RUUHFW 'RVLQJ¶ +RZHYHU 7KHUDSHXWLF &RYHUDJH ZDV VLJQL¿FDQWO\ LQ
FUHDVHGLQSDUWLFLSDQWVWDNLQJDULSLSUD]ROH
&RQFOXVLRQV ,QWHULP DQDO\VLV RI RXU GDWD FRQ¿UPV D QXPEHU RI LQWXLWLYH
¿QGLQJV3KDUPDFRORJLFDOH[SRVXUHWRDQWLSV\FKRWLFPHGLFDWLRQZDVVLJQL¿
FDQWO\UHODWHGWRDQLPSURYHPHQWLQV\PSWRPV7KHDGYDQWDJHRIDORQJHU
DFWLQJDQWLSV\FKRWLFRQµ7KHUDSHXWLF&RYHUDJH¶ZDVHYLGHQWFRQVLGHULQJWKH
SRRU&RUUHFW'RVLQJRI WKH VDPSOH7KH LQWULFDFLHVRI FRPSOLDQFH DQG LWV
HIIHFWRQRXWFRPHZLOOEHH[DPLQHGPRUHFRPSUHKHQVLYHO\DVRXUVDPSOH
HQODUJHV
7KLVVWXG\LVVXSSRUWHGE\7KH6WDQOH\0HGLFDO5HVHDUFK,QVWLWXWH
32
&RPSOLDQFHLQDQ$QWLSV\FKRWLF$GMXQFWLYH7ULDO8VLQJ
(OHFWURQLF0RQLWRULQJ
&ROLQ2¶'RQQHOO
25<*(15HVHDUFK&HQWUH$XVWUDOLD
0LFKDHOD2¶5HJDQ0DUJDUHW'HOO¶2OOLR*UHJRU%HUJHU
3DW'0F*RUU\
2EMHFWLYHV$ODUJHQXPEHURIDGMXQFWLYHPHGLFDWLRQWULDOVDUHFRQGXFWHGLQ
VFKL]RSKUHQLDDQG¿UVWHSLVRGHSV\FKRVLV
7KHH[WHQWRIFRPSOLDQFHWKHUDSHXWLFFRYHUDJHDQGFRUUHFWGRVLQJKDVQRW
EHHQSUHYLRXVO\H[SORUHGLQWKLVFRQWH[W
7R REMHFWLYHO\PHDVXUH WKHVH YDULDEOHV ZH XWLOLVHG WKH0HGLFDWLRQ (YHQW
0RQLWRULQJ6\VWHP 0(06$DUGH[/WG IRU ERWK DQWLSV\FKRWLF DQG WULDO
PHGLFDWLRQ
0HWKRGV3DUWLFLSDQWVZHUHUHFUXLWHGIURPWKH(DUO\3V\FKRVLV3UHYHQWLRQ
DQG,QWHUYHQWLRQ&HQWUH(33,&DVXESURJUDPRI25<*(1<RXWK+HDOWK
3DUWLFLSDQWVFRQVHQWHGWRDGRXEOHEOLQGUDQGRPLVHGSODFHERFRQWUROOHGWULDO
LQYHVWLJDWLQJWKHKRPRF\VWHLQHORZHULQJHIIHFWVRID%FRPSOH[9LWDPLQRQ
FRJQLWLRQDQGV\PSWRPDWRORJ\LQDGGLWLRQWRH[LVWLQJDQWLSV\FKRWLFPHGL
FDWLRQ$QWLSV\FKRWLFPHGLFDWLRQDQGWULDOPHGLFDWLRQZDVGLVSHQVHGLQSLOO
ERWWOHV¿WWHGZLWKDQHOHFWURQLFSLOOFDS
'DWD ZDV GRZQORDGHG LQWR 3RZHUYLHZ D SURJUDPPH ZKLFK DQDO\VHV
PRQLWRUUHDGLQJV9DULDEOHVH[DPLQHGLQFOXGHG¶7DNLQJ&RPSOLDQFH¶WKH
SHUFHQWDJHRISUHVFULEHGGRVHVWDNHQµ&RUUHFW'RVLQJ¶WKHSHUFHQWDJHRI
GD\VRQZKLFKWKHFRUUHFWQXPEHURIGRVHVZHUHWDNHQDQGµ7KHUDSHXWLF
&RYHUDJH¶ZKLFKFRUUHVSRQGVWRWKHFRPSXWHGSHUFHQWDJHRIWLPHWKHSUH
VFULEHG DQWLSV\FKRWLFDGMXQFWLYH PHGLFDWLRQ ZDV PDLQWDLQLQJ WKHUDSHXWLF
DFWLRQEDVHGRQWKHHVWLPDWHGGXUDWLRQRIWKHGUXJ¶VWKHUDSHXWLFDFWLRQDQG
WKHPHDVXUHGLQWHUGRVHLQWHUYDOV
5HVXOWV 1R VLJQL¿FDQW GLIIHUHQFHV EHWZHHQ DQWLSV\FKRWLF DQG YLWDPLQ
SODFHER ZHUH IRXQG µ7DNLQJ &RPSOLDQFH¶   YV  µ&RUUHFW
'RVLQJ¶YVDQGµ7KHUDSHXWLF&RYHUDJH¶YV0HDQ
QXPEHURIGD\VPRQLWRUHGGD\VYVGD\V
&RQFOXVLRQV:H IRXQGFRPSOLDQFH IRU WKH VWXG\GUXJZDV VLPLODU WR WKH
DQWLSV\FKRWLF7KLVQRYHOLQIRUPDWLRQSURYLGHVHYLGHQFHWKDWVLPLODUDGKHU
HQFHUDWHVFDQEHH[SHFWHGLQDGMXQFWLYHDQWLSV\FKRWLFWULDOV
'HVSLWH WKH SHUFHLYHG IDYRXUDELOLW\ RI YLWDPLQV QR GLIIHUHQFHZDV IRXQG
LQFRPSOLDQFHUDWHV&RUUHFW'RVLQJZDVVXERSWLPDOIRUERWKGUXJV7KHVH
LQGLFHVJLYHXVDQREMHFWLYHPHDVXUHRIZKDWFRPSOLDQFHUDWHVZHFDQH[SHFW
ZKHQGHVLJQLQJDGMXQFWLYHPHGLFDWLRQWULDOVLQ¿UVWHSLVRGHSV\FKRVLV
7KLVVWXG\LVVXSSRUWHGE\7KH6WDQOH\0HGLFDO5HVHDUFK,QVWLWXWH
32
6FKL]RSKUHQLD6XEW\SHVDQG6WUHHW'UXJ8VHLQ+RVSLWDOL]HG
3DWLHQWV
0LFKDHO6HJDO
)OJHOPDQ¶V0D]UD0HQWDO+HDOWK0HGLFDO&HQWHU$FFUH,VUDHO
$YL$YLWDO$QGUHL'HUHYHQVNL6HUJLR6DQGEDQN
$EUDKDP:HL]PDQ
2EMHFWLYHV7KHHWLRORJ\RIWKHKLJKSUHYDOHQFHRIVXEVWDQFHXVHGLVRUGHUV
LQSDWLHQWVZLWKVHYHUHPHQWDOLOOQHVVLVXQFOHDU7KHQHXURELRORJLFDOPHFKD
039#(/4)#¬$)3/2$%23¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
QLVPVXQGHUO\LQJVXVFHSWLELOLW\WRGUXJDGGLFWLRQDUHSRRUO\XQGHUVWRRGDQG
DUHOLNHO\WRLQYROYHDEDODQFHEHWZHHQIDFWRUVWKDWFRQIHUYXOQHUDELOLW\DQG
WKRVHWKDWSURWHFWDJDLQVWLW2QHRIWKHPRVWFKDOOHQJLQJLVVXHVLQGUXJDEXVH
VWXG\LVZK\VRPHVFKL]RSKUHQLFSDWLHQWVEHFRPHDGGLFWHGDQGRWKHUVXQGHU
VLPLODUFLUFXPVWDQFHVGRQRW
2XUSUHYLRXVVWXG\6HJDOHWDOVKRZHGDVLJQL¿FDQWDVVRFLDWLRQEH
WZHHQSURODFWLQ35/VHUXPOHYHOVDQGVFKL]RSKUHQLDVXEW\SHVLQXQPHGL
FDWHGSDWLHQWVZLWK³ORZQRUPDO´LQWHUPHGLDWHDQG³KLJKQRUPDO´OHYHOVIRU
WKH SDUDQRLG VFKL]RDIIHFWLYH DQG GLVRUJDQL]HG SDWLHQWV UHVSHFWLYHO\7KLV
35/JUDGLHQWPD\ LQGLFDWH GLIIHUHQFHV LQ GRSDPLQHUJLF WRQH EHWZHHQ WKH
VFKL]RSKUHQLDVXEW\SHVDQGVXSSRUWWKHFOLQLFDODQGWKHQHXURSV\FKRORJLFDO
LQGLYLGXDOLW\RIWKHGLVHDVH¶VYDULRXVIRUPV
,QWKHSUHVHQWVWXG\ZHVHWWRDVVHVVWKHFRPRUELGLW\RIVFKL]RSKUHQLDVXE
W\SHVDQGWKHYDULRXVVWUHHWGUXJVXVHLQKRVSLWDOL]HGSDWLHQWV
0HWKRGV :H FRQGXFWHG D ¿YH \HDUV IROORZXS FRUUHODWLRQ EHWZHHQ WKH
GLDJQRVLVRI VFKL]RSKUHQLD VXEW\SHV DQG WKH FRQFXUUHQW VWUHHWGUXJXVH LQ
GRXEOHGLDJQRVHGDQWLSV\FKRWLFWUHDWHGPHQDQGZRPHQLQSDWLHQWV7KH
'60,9GLDJQRVLVRIVFKL]RSKUHQLDVXEW\SHVZDVUHFRUGHGDWWKHGLVFKDUJH
WLPH 3RVLWLYH XULQDU\ DQDO\VLV IRU VWUHHWGUXJV ZDV FRQ¿UPHG IRU DOO WKH
FDVHVGXULQJKRVSLWDOL]DWLRQ
5HVXOWV7KHQXPEHURISDUDQRLGDQGGLVRUJDQL]HGVFKL]RSKUHQLDSDWLHQWV
DGPLWWHGGXULQJWKLVSHULRGZDVDOPRVWHTXDO1HYHUWKHOHVVPXFKPRUHRI
GLVRUJDQL]HGVFKL]RSKUHQLDSDWLHQWVZHUHIRXQGZLWKFRQFXUUHQWGUXJVXVH
WKDQWKHSDUDQRLGRQHVZLWKVLJQL¿FDQWSUHIHUHQFHIRURSLDWHV7KHPDMRULW\
RIWKHSDUDQRLGSDWLHQWVZHUHIRXQGSRVLWLYHIRUFDQQDELVXVH
&RQFOXVLRQV 7KH DOOHJHG K\SRGRSDPLQHUJLF DFWLYLW\ RI WKH GLVRUJDQL]HG
VXEW\SHLQÀXHQFHVWKHKLJKHUSUHYDOHQFHRIVWUHHWGUXJVXVHE\WKLVFDWHJRU\
RISDWLHQWV6LQFHGRSDPLQHSDUWLDOO\YLDGRSDPLQH'UHFHSWRUVUHJXODWHV
UHZDUGDQGPRWLYDWLRQDOFLUFXLWVWKHVHUHGXFWLRQVFRXOGUHVXOWLQLPSURSHU
DFWLYDWLRQRIWKHVHFLUFXLWV7KLVOHDGVWRG\VSKRULDDQGDQKHGRQLD9RONRZ
DQGFRXOGH[SODLQWKHSDUDGR[RIWKHUHODWLYHSUHIHUHQFHIRUDGGLFWLYH
DQG H[SHQVLYH GUXJV IRU WKH VRFLR HFRQRPLFPRVW GLVDGYDQWDJHG VFKL]R
SKUHQLDSDWLHQWV
5HIHUHQFHV
9RONRZ1''UXJDEXVHDQGPHQWDOLOOQHVV3URJUHVVLQXQGHUVWDQG
LQJFRPRUELGLW\$P-3V\FKLDWU\
6HJDO0$YLWDO$5RMDV0+DXVYDWHU16DQGEDQN6/LED'0RJXLO
ODQVN\/7DO,:HL]PDQ$6HUXPSURODFWLQOHYHOVLQXQPHGLFDWHG
¿UVWHSLVRGHDQGUHFXUUHQWVFKL]RSKUHQLDSDWLHQWVDSRVVLEOHPDUNHUIRUWKH
GLVHDVH¶VVXEW\SHV3V\FKLDWU\5HVHDUFK
32
3URODFWLQDQG6FKL]RSKUHQLD6XEW\SHVLQ5LVSHULGRQH7UHDWHG
0HQ
0LFKDHO6HJDO
)OJHOPDQ¶V0D]UD0HQWDO+HDOWK0HGLFDO&HQWHU$FFUH,VUDHO
$YL$YLWDO$QGUHL'HUHYHQVNL6HUJLR6DQGEDQN
$EUDKDP:HL]PDQ
2EMHFWLYHV5LVSHULGRQHDSRWHQWDQWDJRQLVWRIERWKGRSDPLQHUJLF'DQG
VHURWRQHUJLF +7$ UHFHSWRUV LV DVVRFLDWHG ZLWK K\SHUSURODFWLQHPLD LQ
DGXOWV 6LQFH WKH UHOHDVH RI SURODFWLQ 35/ LV WRQLFDOO\ LQKLELWHG E\ WKH
K\SRWKDODPXVZLWKGRSDPLQH DFWLQJ DV WKH35/ UHOHDVHLQKLELWLQJ IDFWRU
DQ\GLVUXSWLRQRIWKHFRQQHFWLRQEHWZHHQWKHK\SRWKDODPXVDQGWKHSLWXLWDU\
JODQGLVDVVRFLDWHGZLWKK\SHUSURODFWLQHPLD
2XUSULRUVWXG\6HJDOHWDOVKRZHGDVLJQL¿FDQWDVVRFLDWLRQEHWZHHQ
35/VHUXPOHYHOVDQGVFKL]RSKUHQLDVXEW\SHVLQXQPHGLFDWHGSDWLHQWVZLWK
³ORZQRUPDO´UDWHVIRUWKHSDUDQRLGVXEW\SHLQWHUPHGLDWHIRUWKHVFKL]RDI
IHFWLYHVXEW\SHDQG³KLJKQRUPDO´IRUWKHGLVRUJDQL]HGRQHV
,QWKHSUHVHQWVWXG\ZHDVVHVVHGWKHGRSDPLQHUJLFEORFNDGHE\5LVSHULGRQH
LOOXVWUDWHGDV VHUXPSURODFWLQYDOXHVDQG WKHSRVVLEOHGLIIHUHQFHVEHWZHHQ
VFKL]RSKUHQLDGLDJQRVLVVXEW\SHSDWLHQWV
0HWKRGV)RUW\PDOHSDWLHQWV\HDUVROGWKDWPHWWKH'60,9FULWHULD
IRUVFKL]RSKUHQLDDQGZHUHKRVSLWDOL]HGLQ0D]UD+RVSLWDOLQ$FUHRUDPEX
ODWRU\WUHDWHGLQVDWHOOLWHKDOIZD\FOLQLFVRIWKHKRVSLWDOUHFHLYHG5LVSHULGRQH
WUHDWPHQWLQDVWDEOHGRVHRIPJGIRUDWOHDVWRQHPRQWKZLWKQRRWKHU
DQWLSV\FKRWLFPRRGVWDELOL]HURUDQWLGHSUHVVDQWDVVLPXOWDQHRXVWUHDWPHQW
7KH\UHFHLYHGQRRWKHURUDODQWLSV\FKRWLFWUHDWPHQWIRUDWOHDVWRQHPRQWK
DQGZLWK QR GHSRW DQWLSV\FKRWLFV IRU DW OHDVW PRQWKV7KH GLDJQRVLV RI
VFKL]RSKUHQLDDQGRILWVVXEW\SHVZDVPDGHEOLQGO\WR35/VHUXPOHYHOV
5HVXOWV 7KH GRSDPLQH ' UHFHSWRU EORFNLQJ E\ WKH SRWHQW DQWDJRQLVP
RI 5LVSHULGRQH GHWHUPLQHG WKH VXUJH RI SURODFWLQ OHYHOV &RQWUDU\ WR WKH
XQPHGLFDWHGSDWLHQWVWKH³ORZSURODFWLQKLJKGRSDPLQH´SDUDQRLG5LVSHUL
GRQHWUHDWHGSDWLHQWVVKRZHGDVLJQL¿FDQWKLJKHUSURODFWLQOHYHOVFRPSDUHG
ZLWK WKH ³KLJK SURODFWLQORZ GRSDPLQH´ VFKL]RDIIHFWLYH DQG GLVRUJDQL]HG
SDWLHQWV
&RQFOXVLRQV 7KHVH UHVXOWV IXUWKHU VXSSRUW RXU K\SRWKHVLV WKDW SDUDQRLG
DQG WKH ³QRQSDUDQRLG´ IRUPV RI VFKL]RSKUHQLD KDYH GLIIHUHQW SDWWHUQV
RI GRSDPLQHUJLF DFWLYLW\:H VXJJHVW WKDW WKLV GRSDPLQHUJLF SDWWHUQ LV D
GLIIHUHQWLDWLQJPDUNHU RI VFKL]RSKUHQLD SDWLHQWV WKDW DUH SURQH WR GHYHORS
K\SHUSURODFWLQHPLF VLGH HIIHFWV DQG PLJKW KHOS WR IXUWKHU DQWLSV\FKRWLF
PDQDJHPHQW
5HIHUHQFHV
6HJDO0$YLWDO$5RMDV0+DXVYDWHU16DQGEDQN6/LED'0RJXLO
ODQVN\/7DO,:HL]PDQ$6HUXPSURODFWLQOHYHOVLQXQPHGLFDWHG
¿UVWHSLVRGHDQGUHFXUUHQWVFKL]RSKUHQLDSDWLHQWVDSRVVLEOHPDUNHUIRUWKH
GLVHDVH¶VVXEW\SHV3V\FKLDWU\5HVHDUFK
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9LROHQFH$PRQJ3DWLHQWVZLWK6FKL]RSKUHQLDIURP<HDU
WR
-DQ9HYHUD
3V\FKLDWULFFOLQLF8QLYHUVLW\+RVSLWDOVW)DFXOW\RI0HGLFLQH
3UDJXH&]HFK5HSXEOLFDQG8&%HUNHOH\86$
$ODQ+XEEDUW$UQRãW9HVHOê+DQD3DSHåRYi
2EMHFWLYHV7RGHWHUPLQHSUHYDOHQFHDQGFKDUDFWHULVWLFVRIYLROHQFHDPRQJ
VFKL]RSKUHQLFSDWLHQWV LQ WKH\HDUVDQG LQ3UDJXH
&5
0HWKRGV )ROORZ EDFN RI IRXU LQGHSHQGHQW 3UDJXH VDPSOHV IURP
DQG$WRWDORIUHGLDJQRVHGSDWLHQWVIURPZKRPHW
WKH'60,9FULWHULDIRUVFKL]RSKUHQLDZHUHVFUHHQHGIRUYLROHQFHGH¿QHG
DVSRLQWVRQ02$6IURPWKH¿UVWREVHUYHGSV\FKRWLFV\PSWRPVXQWLOWKH
WLPHRIODWHVWLQIRUPDWLRQDYDLODEOH
5HVXOWV/RJLVWLF UHJUHVVLRQV UHYHDOHGDPDUJLQDOO\VLJQL¿FDQW LQFUHDVH LQ
YLROHQFHRQO\LQWKHFRKRUW2YHUDOOYLROHQFHZDVIRUPHQDQG
IRUZRPHQZLWKQRDVVRFLDWLRQIRXQGEHWZHHQVXEVWDQFHDEXVHDQG
YLROHQFH3DWLHQWVIURP¿UVWFRKRUWZKRUHFHLYHGSKDUPDFRWKHUDS\WUHDWPHQW
KDYHORYHUGXUDWLRQRIWRWDOKRVSLWDOL]DWLRQVG\HDUVWKDQSD
WLHQWVZKRQHYHUUHFHLYHGDQWLSV\FKRWLFVVG\HDUV
&RQFOXVLRQV7KHYLROHQFHUDWHIRXQGLQRXUVDPSOHLVH[SHFWHGWRUHPDLQ
VWDEOHRYHUWLPHXQGHUVWDEOHFRQGLWLRQV6XEVWDQFHDEXVHLVQRWWKHOHDGLQJ
FDXVH IRUYLROHQFHDPRQJVFKL]RSKUHQLFV3KDUPDFRWKHUDS\RQ LWVHOIGRHV
QRWOHDGWRGHFUHDVHLQYLROHQFH3UHYHQWLQJSDWLHQWVIURPVXEVWDQFHDEXVH
LV QRW VXI¿FLHQW IRU UHGXFLQJ YLROHQFH 6WUDWHJLHV DLPHG WR WKH GLVRUGHUHG
LPSXOVHFRQWURODQGSV\FKRSDWKLFFKDUDFWHULVWLFVWRJHWKHUZLWKDQWLSV\FKRWLF
WKHUDS\FRXOGGHFUHDVHYLROHQFHDPRQJSDWLHQWVZLWKVFKL]RSKUHQLD
5HIHUHQFHV
9RODYND- 1HXURELRORJ\RI9LROHQFHQGHG$PHULFDQ3V\FKLDWULF
3XEOLVKLQJ:DVKLQJWRQ'&
+RGJLQV67KHPDMRUPHQWDOGLVRUGHUVDQGFULPHVWRSGHEDWLQJDQG
VWDUWWUHDWLQJDQGSUHYHQWLQJ,QW-/DZ3V\FKLDWU\
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*HQGHU'LIIHUHQFHVLQ([HFXWLYH&RQWUROLQ6FKL]RSKUHQLF
3DWLHQWV
'DQLHOD5RHVFK(O\
3V\FKLDWU\+RVSLWDORIWKH8QLYHUVLW\RI+HLGHOEHUJ*HUPDQ\
(YD+RUQEHUJHU6WHSKDQ:HLODQG0DWWKLDV:HLVEURG
2EMHFWLYHV&RJQLWLYHGH¿FLWVLQVFKL]RSKUHQLDHVSHFLDOO\WKRVHUHODWHGWR
SUHIURQWDOFRUWH[IXQFWLRQV3)&LQÀXHQFHWKHIXQFWLRQDORXWFRPH7KHUH
LVHYLGHQFHWKDWVFKL]RSKUHQLFPDOHDQGIHPDOHVVKRZGLIIHUHQWSDWWHUQVRI
FRJQLWLYHGH¿FLWVDQGWKDWGLIIHUHQWIDFWRUVOLNHVH[KRUPRQHVWDWXVRUVLGH
HIIHFWRIPHGLFDWLRQPLJKWSOD\DUROHLQPRGXODWLQJFRJQLWLRQ7KHREMHF
WLYHRIWKLVVWXG\ZDVWRHYDOXDWHGLIIHUHQWPRGDOLWLHVRIZRUNLQJPHPRU\
:0DQGH[HFXWLYHFRQWURO(&ERWKIXQFWLRQVRIWKH3)&EHWZHHQJHQ
GHUV LQ VFKL]RSKUHQLFSDWLHQWV DQGQRUPDOFRQWUROV DQG UHODWH WKHP WR VH[
KRUPRQHVSV\FKRSDWKRORJ\DQGVLGHHIIHFWVRIPHGLFDWLRQ
0HWKRGV:HXVHGDEDWWHU\RIQHXURSV\FKRORJLFDOWHVWVDVVHVVLQJDXGLWRU\
039#(/4)#¬$)3/2$%23¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
DQGYLVXDOVSDWLDO:0DQGDGXDOWDVNIRUDVVHVVLQJ(&VFKL]RSKUHQLF
LQSDWLHQWVSDUWLDOO\UHPLWWHGIHPDOHDQGPDOHVDQGWDNLQJDW\SLFDO
QHXUROHSWLFVDVZHOODVPDOHDQGIHPDOHKHDOWK\FRQWUROVPDWFKHGIRU
DJHDQG,4ZHUHLQFOXGHG%ORRGVH[KRUPRQHVHVWURJHQDQGSURODFWLQH
H[WUDS\UDPLGDOV\PSWRPVDQGFXUUHQWSV\FKRSDWKRORJLFDOVWDWXVZHUHDOVR
HYDOXDWHG
5HVXOWV3DWLHQWVSHUIRUPHGZRUVHWKDQFRQWUROVLQDOOQHXURSV\FKRORJLFDO
WHVWV*HQGHUGLIIHUHQFHVZHUHIRXQGRQO\LQWKHGXDOWDVNLQZKLFKIHPDOH
SDWLHQWVVKRZHGOHVVFRUUHFWGHWHFWLRQRIWULDOVDQGPDGHPRUHPLVVLQJHUURUV
WKDQPDOHSDWLHQWVDQGPRUHWKDQPDOHDQGIHPDOHFRQWUROV)RUFRQWUROVQR
GLIIHUHQFHVEHWZHHQJHQGHUVZHUH IRXQG1RGLIIHUHQFHV LQSV\FKRSDWKRO
RJ\GLVHDVHFKDUDFWHULVWLFVH[WUDS\UDPLGDOV\PSWRPVZHUHIRXQGEHWZHHQ
JHQGHUVLQSDWLHQWV1RVLJQL¿FDQWLQÀXHQFHRIVH[KRUPRQHVRQQHXURSV\
FKRORJLFDOIXQFWLRQZDVIRXQGEHWZHHQJHQGHUV
&RQFOXVLRQV 7KH SUHVHQW VWXG\ VKRZV DEVHQFH RI JHQGHU GLIIHUHQFHV LQ
GLIIHUHQW:0PRGDOLWLHVLQKHDOWK\VXEMHFWVRUSDWLHQWVZLWKVFKL]RSKUHQLD
+RZHYHU LQ D WHVWPHDVXULQJ (& IHPDOHV SDWLHQWV WHQG WR SHUIRUPZRUVH
WKDQPDOHV7KHVH UHVXOWV SRLQW WR SUHVHQFHRI VSHFL¿FJHQGHU GLIIHUHQFHV
LQQHXURSV\FKRORJLFDO IXQFWLRQ UHODWHG WR3)& LQQRQDFXWH VFKL]RSKUHQLF
SDWLHQWV
32
(533DUDPHWHUVRI$WWHQWLRQGXULQJ&KURQLF6FKL]RSKUHQLD
6DQMD0DQFHYVND
'HSDUWPHQWRI3K\VLRORJ\0HGLFDO6FKRRO6NRSMH0DFHGRQLD
/LOMDQD%R]LQRYVND-DVPLQD3OXQFHYLF(OL]DEHWD6LYHYVND
'LMDQD%HOHYVND%UDQLVODY0DQFHYVNL9ODGLPLU2UWDNRY
2EMHFWLYHV WKH DLP RI WKH VWXG\ ZDV WR LQYHVWLJDWH DWWHQWLRQ LQ FKURQLF
VFKL]RSKUHQLD:HXVHGWKHVWXG\RI&19EUDLQSRWHQWLDODQGSV\FKRORJLFDO
WHVWV
0HWKRGV  SDWLHQWV ZLWK FKURQLF VFKL]RSKUHQLD  LQSDWLHQWV DQG 
RXWSDWLHQWV DQG DJHPDWFKHG KHDOWK\ FRQWUROV Q  ZHUH WHVWHG XVLQJ
DQ DXGLR IRUHZDUQHG UHDFWLRQ WLPH WDVN *R1R*RSDUDGLJP'XULQJ WKH
66LQWHUVWLPXOXVLQWHUYDOWKH&19SRWHQWLDOZDVUHFRUGHGDVDSDUDPHWHU
RIH[SHFWDQF\ZKLFKFRXOGEHUHIHUUHGDVDSDUDPHWHURIDWWHQWLRQIRFXVLQJ
$IWHU WKH05 PRWRU UHVSRQVH 3,19 FDQ EH UHFRUGHG DV D SDUDPHWHU RI
VXEMHFWµVXQFHUWDLQW\UHJDUGLQJWKHFRPSOHWLWLRQRIWKHUHTXHVWHGWDVN,WZDV
PHDVXUHGDQGDQDO\]HGWKURXJKPHDQDPSOLWXGHRFFXUUHQFHDQGH[WLQFWLRQ
GXULQJWULDOV3V\FKRORJLFDOWHVWV:$,6VFDOHRILQWHOOLJHQFHIRUDGXOWV
DQGSDWWHUQUHFRJQLWLRQPHPRU\WHVWVZHUHDOVRHPSOR\HG
5HVXOWV 7KH DPSOLWXGH RI WKH ODWH &19 SRWHQWLDO ZDV  6' 
PLFURYROWV LQ SDWLHQWV DQG  6' PLFURYROWV LQ KHDOWK\ VXEMHFWV
S 3,19RFFXUUHG LQ RI WKH SDWLHQWV RI RXWSDWLHQWV DQG
 RI LQSDWLHQWV DQG LQ  KHDOWK\ FRQWUROV DQGZDV SUHVHQW GXU
LQJ WKH ZKROH H[SHULPHQW  WULDOV VLQFH  6'  WULDO WR 
6' WULDOLQSDWLHQWV,WVWDUWHGLQ6' WULDODQGODVWHGXQWLO
6' WULDOLQKHDOWK\FRQWUROV7KHPHDQ57ZDVVLJQL¿FDQWO\
ORQJHULQSDWLHQWVWKHORQJHVWLQLQSDWLHQWVWKDQLQFRQWUROVS7KH
LQSDWLHQWVVKRZHGVLJQL¿FDQWO\ZRUVHUHVXOWVWKHQRXWSDWLHQWVDQGFRQWUROV
RQSV\FKRORJLFDOWHVWV
&RQFOXVLRQV7KHVHUHVXOWVSRLQWRXWWKDWSDWLHQWVZLWKFKURQLFVFKL]RSKUH
QLDHVSHFLDOO\WKHLQSDWLHQWVVKRZVHYHUHGLVWXUEDQFHVLQDWWHQWLRQIRFXVV
LQJZKLFKFDQEHGHWHFWHGZLWKWKH(53VWXGLHV
5HIHUHQFHV
.OHLQ&5RFNVWURK%&RKHQ5%HUJ3&RQWLQJHQWQHJDWLYHYDULD
WLRQ&19DQGGHWHUPLQDQWVRISRVWLPSHUDWLYHQHJDWLYHYDULDWLRQ3,19
LQ VFKL]RSKUHQLF SDWLHQWV DQG KHDOWK\ FRQWUROV 6FKL]RSKUHQLD 5HVHDUFK

9DQGHQ%RVFK5-&RQWLQJHQWQHJDWLYHYDULDWLRQ&RPSRQHQWVDQG
VFDOS GLVWULEXWLRQ LQ SV\FKLDWULF SDWLHQWV %LRORJLFDO 3V\FKLDWU\ 9RO
1R
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)RODWH5HGXFHV+RPRF\VWHLQHDQG,PSURYHV6FKL]RSKUHQLD
-RVHSK/HYLQH
%HQ*XULRQ8QLYHUVLW\RIWKH1HJHY%HHUVKHYD,VUDHO
%HQ$PL6HOD5+%HOPDNHU
2EMHFWLYHV(OHYDWHGKRPRF\VWHLQHOHYHOVDUHDULVNIDFWRUIRU$O]KHLPHU¶V
GLVHDVHDVZHOODVFHUHEURYDVFXODUGLVHDVH+RPRF\VWHLQHLVQHXURWR[LFLQ
YLWUR5HFHQWO\PDUNHGO\HOHYDWHGKRPRF\VWHLQHOHYHOVZHUHUHSRUWHGLQ
\RXQJPDOHVFKL]RSKUHQLDSDWLHQWV6LQFHIROLFDFLG%DQGS\ULGR[LQH
KDYH PDUNHG KRPRF\VWHLQHUHGXFLQJ SURSHUWLHV ZH SODQQHG D VWXG\ RI
WKHVH YLWDPLQV LQ VFKL]RSKUHQLD SDWLHQWV VHOHFWHG IRU HOHYDWHG SODVPD KR
PRF\VWHLQHOHYHOV
0HWKRGV&KURQLFVFKL]RSKUHQLDSDWLHQWVIURPWKH%HHUVKHED0HQWDO&HQW
HUDQGDI¿OLDWHGFOLQLFDOIDFLOLWLHVZHUHVFUHHQHGIRUSODVPDKRPRF\VWHLQH
3DWLHQWVZLWKOHYHOVRYHUPLFUR0ZHUHDFFHSWHGIRUVWXG\DIWHUZULWWHQ
LQIRUPHGFRQVHQW7KHGHVLJQZDVDGRXEOHEOLQGFURVVRYHUZLWKRQHWDEOHW
D GD\ FRQWDLQLQJ PJ IROLF DFLG PJ S\ULGR[LQH DQG PLOLJ %
$IWHUPRQWKVSDWLHQWVZHUHFURVVHGRYHUIURPDFWLYHYLWDPLQWRSODFHER
RUYLFHYHUVD)RUW\WZRSDWLHQWVFRPSOHWHGWKLVVWXG\&OLQLFDOUDWLQJVZHUH
PDGHPRQWKO\XVLQJ WKH3RVLWLYH DQG1HJDWLYH6\QGURPH6FDOH 3$166
DQG$EQRUPDO,QYROXQWDU\0RYHPHQW6FDOH$,063ODVPDZDVWDNHQIRU
KRPRF\VWHLQHPRQWKO\
5HVXOWV7UHDWPHQWWLPHDQGFURVVRYHUHIIHFWVVKRZHGDVLJQL¿FDQWWKUHH
ZD\ LQWHUDFWLRQ )   GI   S ZLWK D VLJQL¿FDQWPDLQ
HIIHFW RI PRQWK WUHDWPHQW )  GI  S DQGPRQWK
WUHDWPHQW) GI S&RQWUDVWDQDO\VLVZLWKSODQQHG
FRPSDULVRQ EHWZHHQ WKH WZR SHULRGV RI WUHDWPHQW VKRZHG D VLJQL¿FDQW
HIIHFW RI YLWDPLQ WUHDWPHQW SODQQHG FRPSDULVRQ EHWZHHQ WZR SHULRGV RI
WUHDWPHQWIRUJURXSWKDWVWDUWVZLWKYLWDPLQV) GI SDQG
IRUJURXSWKDWVWDUWVZLWKSODFHER) GI S
&RQFOXVLRQV7KHSUHVHQWVWXG\VXJJHVWVWKDWVSHFL¿FYLWDPLQVLQDVSHFL¿F
FOLQLFDOSRSXODWLRQGH¿QHGE\K\SHUKRPRF\VWHLQHPLDPD\\LHOGPHDVXUDEOH
FOLQLFDOEHQH¿W
5HIHUHQFHV
 6HVKDGUL 6 %HLVHU$ 6HOKXE - HW DO 3ODVPD KRPRF\VWHLQH DV D ULVN
IDFWRUIRUGHPHQWLDDQG$O]KHLPHUµVGLVHDVH1(QJO-0HG

/LSWRQ6$.LP:.&KRL<%HWDO1HXURWR[LFLW\DVVRFLDWHGZLWKGXDO
DFWLRQV RI KRPRF\VWHLQH DW WKH 1PHWK\O'DVSDUWDWH UHFHSWRU 3URF 1DWO
$FDG6FL86$
/HYLQH-6WDKO=6HOD%$*DYHQGR65XGHUPDQ9%HOPDNHU5+(O
HYDWHGKRPRF\VWHLQHOHYHOVLQ\RXQJPDOHSDWLHQWVZLWKVFKL]RSKUHQLD$P
-3V\FKLDWU\
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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&RJQLWLYHDQG)XQFWLRQDO,PSURYHPHQWZLWK/RQJ$FWLQJ
5LVSHULGRQH
3KLOLSSH%RXKRXUV
-DQVVHQ0HGLFDO$IIDLUV//&86$
5REHUW/DVVHU*DKDQ3DQGLQD6WHSKHQ5RGULJXH]
,EUDKLP7XUNR]*HRUJHV*KDUDEDZL
2EMHFWLYHV 6FKL]RSKUHQLD SDWLHQWV UHFHLYLQJ DW\SLFDO DQWLSV\FKRWLFV LQ
FOXGLQJULVSHULGRQHKDYHVKRZQLPSURYHGFRJQLWLRQDQGLQGHSHQGHQWUROH
IXQFWLRQLQJ7KHVH RXWFRPHVPD\ QRW EH UHODWHG7KLV SUHOLPLQDU\ UHSRUW
H[DPLQHVLQWHULPFRJQLWLYHDQGIXQFWLRQLQJUHVXOWVIURPDPRQWKVWXG\
RIORQJDFWLQJULVSHULGRQH
0HWKRGV&OLQLFDOO\ VWDEOH DGXOWV 1 ZLWK VFKL]RSKUHQLD UHFHLYHG D
FRPSXWHUDGPLQLVWHUHG FRJQLWLYH DVVHVVPHQW RI DWWHQWLRQ PRWRU YHUEDO
YLVXDOOHDUQLQJZRUNLQJPHPRU\DQGH[HFXWLYHIXQFWLRQLQJDQGPHDVXUHV
RI IXQFWLRQLQJ 6WUDXVV&DUSHQWHU/HYHO RI )XQFWLRQLQJ >/2)@ VFDOH 3HU
VRQDODQG6RFLDO3HUIRUPDQFH VFDOH6FKL]RSKUHQLD4XDOLW\RI/LIH6FDOH
ZHUHSHUIRUPHGDWEDVHOLQHDQGPRQWKV,QWHULPEOLQGHGPRQWK
GDWDZHUHDQDO\]HG
5HVXOWV6LJQL¿FDQWLPSURYHPHQWVZHUHQRWHGLQRIFRJQLWLYHGRPDLQV
7KHVH LQFOXGHG DWWHQWLRQ ÀDQNHU FRUUHFW LQFRQJUXHQW PHDQ FKDQJH 
3 YHUEDOOHDUQLQJZRUGOLVWPHPRU\WRWDOOHDUQLQJPHDQFKDQJH 
3  ZRUNLQJ PHPRU\ REMHFW ZRUNLQJ PHPRU\ >/2&)@PDWFKLQJ
WRWDOFRUUHFWPHDQFKDQJH 3 DQGH[HFXWLYHIXQFWLRQVWUDWHJLF
WDUJHWGHWHFWLRQWHVWWRWDOHUURUVPHDQFKDQJH ±3 ([SORUDWRU\
DQDO\VHVFRPELQLQJFRJQLWLYHGDWDDQGIXQFWLRQLQJPHDVXUHVUHYHDOHGVHYHU
DOVLJQL¿FDQWPRGHVWFRUUHODWLRQVHJWRWDOHUURUVRQDQH[HFXWLYHIXQFWLRQ
WHVWFRUUHODWHGDW±>3@ZLWKWKH/2)V\PSWRPDWRORJ\VXEVFDOH
&RQFOXVLRQV&RJQLWLYHIXQFWLRQLQJLPSURYHGLQSDWLHQWVWUHDWHGZLWKORQJ
DFWLQJULVSHULGRQH0RGHVWFRUUHODWLRQVZHUHIRXQGEHWZHHQVRPHPHDVXUHV
RIFRJQLWLRQDQGIXQFWLRQLQJDWPRQWKV)XUWKHUDQDO\VLVZLOOXVHPRQWK
GDWD
5HIHUHQFHV
$GGLQJWRQ-$GGLQJWRQ'1HXURFRJQLWLYHDQGVRFLDOIXQFWLRQLQJLQVFKL]R
SKUHQLDD\HDUIROORZXSVWXG\6FKL]RSKU5HV±
0HOW]HU+<0F*XUN657KHHIIHFWVRIFOR]DSLQH ULVSHULGRQHDQGRODQ
]DSLQH RQ FRJQLWLYH IXQFWLRQ LQ VFKL]RSKUHQLD 6FKL]RSKU %XOO 
±
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3RO\SKDUPDF\LQ6FKL]RSKUHQLD'DWDIURPD5DQGRPL]HG
'RXEOH%OLQG6WXG\
3KLOLSSH%RXKRXUV
-DQVVHQ0HGLFDO$IIDLUV//&)UDQFH
0DUFLD5XSQRZ$QGUHZ*UHHQVSDQ&ROHWWH.RVLN*RQ]DOH]
&\QGL%RVVLH<RXQJ=KX*HRUJHV*KDUDEDZL
%DFNJURXQG7KH XVH DQG SUHGLFWRUV RI SRO\SKDUPDF\ZHUH H[DPLQHG LQ
SDWLHQWV ZLWK DQ DFXWH H[DFHUEDWLRQ RI VFKL]RSKUHQLD RU VFKL]RDIIHFWLYH
GLVRUGHUUDQGRPL]HGWRULVSHULGRQHQ TXHWLDSLQHQ RUSODFHER
Q 
0HWKRGV ,Q D GRXEOHEOLQG VWXG\ D GD\PRQRWKHUDS\ SKDVHZDV IRO
ORZHG E\ D GD\ DGGLWLYHWKHUDS\ SKDVH GXULQJ ZKLFK FOLQLFLDQV ZHUH
DOORZHGWRDGGSV\FKRWURSLFPHGLFDWLRQV5LVSHULGRQHDQGTXHWLDSLQHGRVHV
ZHUH¿[HGE\GD\3UHGLFWRUVRISRO\SKDUPDF\ZHUHDQDO\]HGXVLQJPXO
WLSOHUHJUHVVLRQPRGHOV
5HVXOWV0HDQ6' GRVHV DWPRQRWKHUDS\ HQGSRLQWZHUH PJGD\
RIULVSHULGRQHDQGPJGD\RITXHWLDSLQH'XULQJWKHDGGLWLYH
WKHUDS\ SKDVH DGGLWLRQDO SV\FKRWURSLFV LQFOXGLQJ DQWLSV\FKRWLFV PRRG
VWDELOL]HUVDQGDQWLGHSUHVVDQWVZHUHUHFHLYHGE\RISDWLHQWVLQWKHULV
SHULGRQHJURXSDQGLQWKHTXHWLDSLQHJURXS3 RISODFHER
SDWLHQWVUHFHLYHGSV\FKRWURSLFV$GGLWLRQDODQWLSV\FKRWLFVZHUHUHFHLYHGE\
DQGRIULVSHULGRQHDQGTXHWLDSLQHWUHDWHGSDWLHQWVUHVSHFWLYHO\
3 RISODFHERSDWLHQWV UHFHLYHG DQWLSV\FKRWLFV5HODWLYH ULVN
RIDQWLSV\FKRWLFSRO\SKDUPDF\TXHWLDSLQHYV ULVSHULGRQHZDV
&,±$PRQJV\PSWRPVDQGRWKHURXWFRPHVDVVHVVPHQWV&*,6
3$166+RVWLOLW\([FLWHPHQWIDFWRUDQGSDWLHQWVDWLVIDFWLRQZLWKPHGLFDWLRQ
ZHUHVLJQL¿FDQWO\DVVRFLDWHGZLWKDQWLSV\FKRWLFSRO\SKDUPDF\
&RQFOXVLRQV 4XHWLDSLQH ZDV DVVRFLDWHG ZLWK D VLJQL¿FDQWO\ KLJKHU UDWH
RI SRO\SKDUPDF\ WKDQ ULVSHULGRQH 3RRUHU RYHUDOO FOLQLFDO LPSURYHPHQW
DQGKRVWLOLW\H[FLWHPHQWV\PSWRPVZHUHDPRQJWKHVWURQJHVWSUHGLFWRUVRI
DQWLSV\FKRWLFSRO\SKDUPDF\XVH
5HIHUHQFHV
&ODUN5(%DUWHOV6-0HOOPDQ7$3HDFRFN:-5HFHQWWUHQGVLQDQWLSV\
FKRWLFFRPELQDWLRQ WKHUDS\RI VFKL]RSKUHQLDDQGVFKL]RDIIHFWLYHGLVRUGHU
LPSOLFDWLRQVIRU6WDWHPHQWDOKHDOWKSROLF\6FKL]RSKU%XOO
6WDKO60DQG*UDG\00$FULWLFDOUHYLHZRIDW\SLFDODQWLSV\FKRWLFXWLOL]D
WLRQ FRPSDULQJPRQRWKHUDS\ZLWKSRO\SKDUPDF\DQGDXJPHQWDWLRQ&XUU
0HG&KHP
32
'ULYLQJ6LPXODWRU3HUIRUPDQFHDQG3V\FKRPRWRU)XQFWLRQVRI
6FKL]RSKUHQLF3DWLHQWV7UHDWHGZLWK$PLVXOSULGH)OXSHQWL[RO
RU+DORSHULGRO
$OH[DQGHU%UXQQDXHU
'LVWULFW+RVSLWDO*DEHUVHH*HUPDQ\
(OLVDEHWK*HLJHU*HUG/DX[)UDQ];DYHU(LFK
2EMHFWLYHV7KHDLPRIWKHSUHVHQWVWXG\ZDVWRH[DPLQHWKHLQÀXHQFHRI
DPLVXOSULGHÀXSHQWL[RODQGKDORSHULGRORQVLPXODWHGGULYLQJEHKDYLRXUDQG
SV\FKRPRWRU IXQFWLRQV LQ VFKL]RSKUHQLF SDWLHQWV XQGHU URXWLQH WUHDWPHQW
FRQGLWLRQV
0HWKRGV 6FKL]RSKUHQLF LQSDWLHQWV Q ZHUH WHVWHG XQGHU VWHDG\ VWDWH
SODVPD OHYHO FRQGLWLRQV EHIRUH GLVFKDUJH WR RXWSDWLHQW WUHDWPHQW 3DWLHQWV
PHWWKH,&'FULWHULDIRUVFKL]RSKUHQLD$FFRUGLQJWRWKH*HUPDQJXLGH
OLQHVIRUURDGDQGWUDI¿FVDIHW\SDWLHQWVZHUHWHVWHGZLWKFRPSXWHUL]HGWHVWV
UHODWHGWRGULYLQJVNLOOV$FW	5HDFW7HVWV\VWHP:LHQHU7HVWV\VWHPDQG
DGGLWLRQDOO\ZLWKDGULYLQJVLPXODWRU)765'DWDZHUHDQDO\]HGDF
FRUGLQJWRPHGLFDWLRQVHYHULW\RILOOQHVVDQGDJH
5HVXOWV %HIRUH GLVFKDUJH WR RXWSDWLHQW WUHDWPHQW DERXW  RI VFKL]R
SKUHQLF SDWLHQWVPXVW EH FRQVLGHUHG DV VHYHUHO\ LPSDLUHGZLWK UHVSHFW WR
SV\FKRPRWRUIXQFWLRQVUHODWHGWRFDUGULYLQJDELOLWLHV7KHUHZDVDQDGYDQ
WDJHRISDWLHQWVWUHDWHGZLWKDPLVXOSULGHZKHQFRPSDUHGZLWKÀXSHQWL[RORU
KDORSHULGRO'LIIHUHQFHVZHUHPRVW SURQRXQFHG LQ VHOHFWLYH DWWHQWLRQ DQG
YLJLODQFHDQGFRXOGDOVREHVKRZQLQWKHGULYLQJVLPXODWRUSHUIRUPDQFH
&RQFOXVLRQV 3K\VLFLDQV VKRXOG EH FRQFHUQHG DERXW WUDI¿F VDIHW\ ZKHQ
SUHVFULELQJDQWLSV\FKRWLFVDQGFKRRVHSV\FKRWURSLFPHGLFDWLRQVDOVRRQWKH
EDVLVRIEHQH¿FLDOHIIHFWVRQ¿WQHVVWRGULYH$GGLWLRQDOO\WKHJUHDWYDULDELO
LW\RIWHVWSHUIRUPDQFHZLWKLQWUHDWPHQWJURXSVLQGLFDWHVWKDWSDWLHQWVPXVW
EHFRXQVHOOHGLQGLYLGXDOO\ZLWKUHVSHFWWRGULYLQJDELOLW\
5HIHUHQFHV
6R\ND0:LQWHU&.DJHUHU6%UXQQDXHU$HW DO (IIHFWVRIKD
ORSHULGRODQGULVSHULGRQHRQSV\FKRPRWRUSHUIRUPDQFHUHOHYDQWWRGULYLQJ
DELOLW\ LQVFKL]RSKUHQLFSDWLHQWVFRPSDUHG WRKHDOWK\FRQWUROV-3V\FKLDWU
5HV
%UXQQDXHU$/DX[**HLJHU(0|OOHU+-7KHLPSDFWRIDQWLSV\
FKRWLFVRQSV\FKRPRWRUSHUIRUPDQFHZLWKUHJDUGWRFDUGULYLQJVNLOOV-&OLQ
3V\FKRSKDUPDFRO
*UDEH+-:ROI7*UlW]6/DX[*7KHLQÀXHQFHRIFOR]DSLQHDQG
W\SLFDOQHXUROHSWLFVRQLQIRUPDWLRQSURFHVVLQJRIWKHFHQWUDOQHUYRXVV\VWHP
XQGHUFOLQLFDOFRQGLWLRQVLQVFKL]RSKUHQLFGLVRUGHUV,PSOLFDWLRQVIRU¿WQHVV
WRGULYH1HXURSV\FKRELRORJ\
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3ODWHOHW*6/3DVD3UHGLFWRURI2ODQ]DSLQH(IILFDF\LQ
6FKL]RSKUHQLD
*XOQXU6K%XUEDHYD
0HQWDO+HDOWK5HVHDUFK&HQWHURI5$060RVFRZ5XVVLD
,ULQD6%RNVKD0DUJDULWD$0RUR]RYD/XERY,6WDURGXEWVHYD
(OHQD%7HUHVKNLQD
2EMHFWLYHV *OXWDPDWH V\VWHP LV LPSOLFDWHG LQ VFKL]RSKUHQLD 6&+
SDWKRJHQHVLVDQGDW\SLFDOQHXUROHSWLFVH[HUWWKHLUHIIHFWVDWOHDVWSDUWLDOO\
WKURXJKWKHJOXWDPDWHV\VWHP1RYLWDOELRFKHPLFDOPDUNHUVRIJOXWDPDWHU
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
JLFV\VWHPLPSDLUPHQWVLQ6&+DUHNQRZQ3UHGLFWRUVRIHIIHFWLYHWUHDWPHQW
GLUHFWHGWRJOXWDPDWHV\VWHPDUHDOVRXQNQRZQ:HWHVWHGDK\SRWKHVLVWKDW
DW\SLFDOQHXUROHSWLFRODQ]DSLQHDPRGXODWRURIEUDLQDQGVHUXPJOXWDPDWH
FRQFHQWUDWLRQV*RIIHWDOPD\HIIHFWWKHDPRXQWRIJOXWDPDWHPHWDER
OL]LQJHQ]\PHV JOXWDPLQH V\QWKHWDVH OLNHSURWHLQ *6/3DQGJOXWDPDWH
GHK\GURJHQDVH*'+LQSODWHOHWVRISDWLHQWVZLWK6&+
0HWKRGV*6/3DQG*'+DPRXQWVZHUHHYDOXDWHGE\WKHLULPPXQRUHDFWLY
LW\(&/:HVWHUQLPPXQREORWWLQJLQSODWHOHWVRIFKURQLFSDWLHQWVZLWK
6&+ SDUDQRLG W\SH '60,<  EHIRUH DQG GXULQJ WKHLU WUHDWPHQW
ZLWK RODQ]DSLQH DQG LQ FRQWURO JURXS  SHUVRQV 6WDWLVWLFDO DQDO\VLV
ZDV SHUIRUPHG ZLWK 6WDWLVWLFD  VRIWZDUH 1RQ3DUDPHWULF PRGXOH DQG
6XUYLYDO$QDO\VLV
5HVXOWV7KHSDWLHQWVVKRZHGVLJQL¿FDQWLPSURYHPHQWLQWKH3$166WRWDO
3$166SRVLWLYHDQG3$166QHJDWLYHVFRUH¶FKDQJHVWKURXJKRXWWKHZHHN
DFXWHWUHDWPHQWSKDVHDQGWKURXJKWKHIROORZLQJZHHNWUHDWPHQWPDLQ
WHQDQFHSHULRGS *6/3DQG*'+DPRXQWVZHUHVLJQL¿FDQWO\
GHFUHDVHGDIWHUDFXWHSKDVHRIWUHDWPHQWS DQG,QSDWLHQWVXE
JURXSZLWK LQLWLDO*6/3 OHYHOKLJKHU WKDQ WKHPHGLDQYDOXH WKH UHVXOWLQJ
GHFUHDVHRI*6/3 OHYHOV DIWHU DFXWH DQGPDLQWHQDQFHSKDVHV RI WKH WUHDW
PHQW ZDV VLJQL¿FDQW S  DQG  UHVSHFWLYHO\ EXW GLVWLQJXLVKHG
VWLOOIURPFRQWUROVS *'+DPRXQWLQWKLVVXEJURXSGHFUHDVHGDOVR
VLJQL¿FDQWS DQGUHVSHFWLYHO\KRZHYHULWZDVLQGLVWLQJXLVK
DEOHIURPFRQWUROJURXS6XUYLYDO$QDO\VLVKDVVKRZQWKDWWKHODUJHUDPRXQW
RI*6/3LVPHDVXUHGLQSODWHOHWVEHIRUHWKHWUHDWPHQWWKHVKRUWHUWLPHRIWKH
WUHDWPHQWQHHGVWRDFKLHYHDSRVLWLYHFOLQLFDOUHVSRQVH
&RQFOXVLRQV7KHLPPXQRUHDFWLYLW\OHYHOVRI*6/3DQG*'+LQSODWHOHWV
RISDWLHQWVZLWK6&+DUHHIIHFWHGE\RODQ]DSLQHWUHDWPHQWPRUHRYHU*6/3
OHYHOPD\VHUYHDVDSUHGLFWRURIDSRVLWLYHRXWFRPHXQGHURODQ]DSLQHWKHU
DS\8VDJHRIWKLVYLWDOPDUNHURIJOXWDPDWHUJLFV\VWHPVWDWXVZLOOHQDEOHWR
VHOHFWDVXEJURXSRISDWLHQWVWRZKRPWKHPHGLFLQHVDIIHFWLQJJOXWDPDWHUJLF
V\VWHPPD\EHSUHVFULEHGZLWKPD[LPXPHIIHFW
5HIHUHQFHV
*RII'&HWDO0RGXODWLRQRIEUDLQDQGVHUXPJOXWDPDWHUJLFFRQFHQ
WUDWLRQV IROORZLQJ D VZLWFK IURP FRQYHQWLRQDO QHXUROHSWLFV WR RODQ]DSLQH
%LRO3V\FKLDWU\
6XSSRUWHGE\WKH6WDQOH\0HGLFDO5HVHDUFK,QVWLWXWH
32
$W\SLFDO+DQGHGQHVVLQ6FKL]RSKUHQLD$5HYLHZRI(YLGHQFH
0LODQ'UDJRYLF
8QLYHUVLW\RI:HVWHUQ$XVWUDOLD
*HRII+DPPRQG
2EMHFWLYHV7KHSUHYDOHQFHRIYDULRXVDQRPDORXVKDQGHGQHVVVXEW\SHV LQ
VFKL]RSKUHQLDSDWLHQWV UHPDLQV DPELJXRXV$OWKRXJK FXUUHQW OLWHUDWXUH ID
YRXUVWKHQRWLRQWKDWWKHVKLIWLQODWHUDOSUHIHUHQFHVVHHQLVGXHWRDQLQFUHDVH
RIPL[HGKDQGHGQHVVVHYHUDOVWXGLHVVXJJHVWWKDWH[FOXVLYHOHIWKDQGHGQHVV
LVPRUHSUHYDOHQWLQVFKL]RSKUHQLDSDWLHQWVWKDQLQWKHJHQHUDOSRSXODWLRQ
0HWKRGV2YHUVWXGLHVZLWKUHSRUWHGSUHYDOHQFHGDWDRQYDULRXVKDQGHG
QHVVVXEW\SHVLQDVFKL]RSKUHQLDSRSXODWLRQZHUHHYDOXDWHGE\PHWDDQDO\
VLV&RPELQHGRGGVUDWLRVIRUWKHWKUHHFRPPRQKDQGHGQHVVVXEW\SHVOHIW
PL[HGDQGULJKWZHUHVHSDUDWHO\FDOFXODWHG
5HVXOWV(DFKRIWKHWKUHHDW\SLFDOKDQGGRPLQDQFHSDWWHUQVOHIWPL[HG
DQGQRQULJKW KDQGHGQHVVZHUH VLJQL¿FDQWO\JUHDWHU LQ VFKL]RSKUHQLDSD
WLHQWVWKDQLQFRQWUROVXEMHFWVVKRZLQJWKDWWKHOHIWZDUGVKLIWLQKDQGHGQHVV
GLVWULEXWLRQLVQRWHQWLUHO\GXHWRDQLQFUHDVHLQPL[HGKDQGHGQHVVDORQH
&RQFOXVLRQV$QLQFUHDVHRIH[FOXVLYHOHIWKDQGHGQHVVLVDWYDULDQFHZLWK
WKHSUHYDLOLQJDVVHUWLRQWKDWWKHKDQGHGQHVVVKLIWLQVFKL]RSKUHQLDSDWLHQWVLV
GXHWRDGLIIXVHDQGELODWHUDOKHPLVSKHULFLQVXOW
5HIHUHQFHV
$QQHWW 0  +DQGHGQHVV DQG %UDLQ $V\PPHWU\ 7KH 5LJKW 6KLIW
7KHRU\1HZ<RUN7D\ORUDQG)UDQFLV
6DW]3DQG*UHHQ0)$W\SLFDOKDQGHGQHVVLQVFKL]RSKUHQLD6RPH
PHWKRGRORJLFDODQGWKHRUHWLFDOLVVXHV6FKL]RSKUHQLD%XOOHWLQ
6RPPHU,$OHPDQ$5DPVH\1%RXPD$DQG.DKQ5+DQGHG
QHVV ODQJXDJH ODWHUDOLVDWLRQ DQG DQDWRPLFDO DV\PPHWU\ LQ VFKL]RSKUHQLD
%ULWLVK-RXUQDORI3V\FKLDWU\
32
(DUO\'HWHFWLRQRI3V\FKRWLF'LVRUGHUVLQ9LHQQD
0LULDP6FKlIHU
'HSDUWPHQWRI&KLOGDQG<RXWK3V\FKLDWU\0HGLFDO8QLYHUVLW\
9LHQQD$XVWULD
&ODXGLD.OLHU0RQLND6FKO|JHOKRIHU1LOXIDU0RVVDKHE
0DULRQ$LFKEHUJHU.RVWDV3DSDJHRUJLRX0D[+)ULHGULFK
*3DXO$PPLQJHU
2EMHFWLYHV 2YHU WKH ODVW GHFDGH WKHUH KDV EHHQ FRQVLGHUDEOH LQWHUHVW LQ
HDUO\LQWHUYHQWLRQLQVFKL]RSKUHQLDDQGRWKHUSV\FKRWLFGLVRUGHUVGULYHQE\
WKHYLHZWKDWHDUO\LQWHUYHQWLRQPLJKWIDYRUDEO\DOWHUWKHFRXUVHRILOOQHVV
1HZFOLQLFDOSURJUDPPHVKDYHEHHQHVWDEOLVKHGDURXQGWKHJOREHDLPLQJWR
UHGXFHWUHDWPHQWGHOD\VLQSV\FKRVLVDQGWRSURYLGHSKDVHRILOOQHVVVSHFL¿F
WUHDWPHQW6LQFH0D\DVHUYLFHIRULQGLYLGXDOVDWXOWUDKLJKULVN8+5
IRUSV\FKRVLVKDVEHHQHVWDEOLVKHGLQ9LHQQD$XVWULD8+5LQGLYLGXDOVDUH
RIIHUHGFRPSUHKHQVLYHDVVHVVPHQWDQGWUHDWPHQWZKLFKLQFOXGHVSDUWLFLSD
WLRQLQD5&7LQYHVWLJDWLQJWKHHIIHFWVRI2PHJDIDWW\DFLGV(3$'+$
YHUVXVSODFHERLQDGGLWLRQWRVWDQGDUGFDUH
0HWKRGV:H DSSOLHG8+5 FULWHULD E\<XQJ HW DO ZKLFK FODVVLI\
WKUHH JURXSV  VXEWKUHVKROG SV\FKRWLF V\PSWRPV  VHOIOLPLWLQJ SV\
FKRWLF V\PSWRPV  IDPLO\KLVWRU\RI SV\FKRWLF GLVRUGHU FRPELQHGZLWK
IXQFWLRQDOGHFOLQH$OOLQGLYLGXDOVUHIHUUHGWRRXUVHUYLFHZHUHVFUHHQHGLI
WKH\IXO¿OOHG8+5FULWHULD$[LV,GLVRUGHUVZHUHFODVVL¿HGXVLQJ'60,9
6\PSWRPDVVHVVPHQWVZHUHFRQGXFWHGXVLQJWKH3$1660$'56DQGWKH
8.8VLGHHIIHFWUDWLQJVFDOH
5HVXOWV%HWZHHQ0D\DQG)HEUXDU\LQGLYLGXDOVZHUH
UHIHUUHGWRRXUVHUYLFHIRUVXVSHFWHGSV\FKRVLVPHW8+5FULWHULD
  LQGLYLGXDOVZHUH GHWHFWHGZLWK ¿UVWHSLVRGH SV\FKRVLV DW LQLWLDO
SUHVHQWDWLRQRISDUWLFLSDWHGLQWKHSURSRVHG(3$'+$WUHDW
PHQWWULDO&RPRUELGLW\RID[LV,GLVRUGHUVZDVKLJKLQWKH8+5JURXSDI
IHFWLYHGLVRUGHUVDQ[LHW\GLVRUGHUVVXEVWDQFHXVH7RGDWH¿YHLQGLYLGXDOV
KDYHPDGHWUDQVLWLRQWRSV\FKRWLFGLVRUGHU*HQHUDOLPSUHVVLRQLQWKHVWXG\
LVWKDWDIWHUZHHNVLQWHUYHQWLRQDVXEVWDQWLDOSURSRUWLRQRISDWLHQWVVKRZ
LPSURYHPHQWRIWKHLUV\PSWRPV1RDGYHUVHHIIHFWVRIWKHVWXG\PHGLFDWLRQ
KDYHEHHQREVHUYHG
&RQFOXVLRQV(DUO\GHWHFWLRQDQGLQWHUYHQWLRQLQSV\FKRWLFGLVRUGHUVVHHPV
D IHDVLEOH JRDO ,Q FRQWUDVW WR DQWLSV\FKRWLFV2PHJD IDWW\ DFLGV KDYH D
KLJK DFFHSWDQFH DPRQJ \RXWK DQG SDUHQWV *LYHQ WKHLU KLJK SUHYDOHQFH
WUHDWPHQW RI FRPRUELG D[LV FRQGLWLRQV VKRXOG EH FDUHIXOO\ DGGUHVVHG LQ
8+5DQGVWXGLHGLQUHODWLRQWRWKHULVNRISURJUHVVLRQWRSV\FKRVLV
5HIHUHQFHV
.D\65)LV]EHLQ$2SOHU/$7KHSRVLWLYHDQGQHJDWLYHV\QGURPH
VFDOH3$166IRUVFKL]RSKUHQLD
6FKL]RSKU%XOO
0RQWJRPHU\6$$VEHUJ0$QHZGHSUHVVLRQVFDOHGHVLJQHGWREH
VHQVLWLYHWRFKDQJH%U-3V\FKLDWU\
<XQJ$53KLOOLSV/-0F*RUU\3'HWDO3UHGLFWLRQRISV\FKRVLV$
VWHSWRZDUGVLQGLFDWHGSUHYHQWLRQRIVFKL]RSKUHQLD%U-3V\FKLDWU\6XSSO

/LQJMDHUGH2$KOIRUV8*%HFK3'HQFNHU6-(OJHQ.7KH8.8
VLGHHIIHFWUDWLQJVFDOH$QHZFRPSUHKHQVLYHUDWLQJVFDOHIRUSV\FKRWURSLF
GUXJVDQGDFURVVVHFWLRQDOVWXG\RIVLGHHIIHFWV LQQHXUROHSWLFWUHDWHGSD
WLHQWV$FWD3V\FKLDWU6FDQG6XSSO
32
6HQVLWLYLW\DQG6SHFLILFLW\RI&OLQLFLDQV¶$VVHVVPHQWRI
0HGLFDWLRQ1RQ$GKHUHQFHLQ3DWLHQWVZLWK6FKL]RSKUHQLDLQ
+RQJ.RQJ
&KULVW\/0+XL
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\RI+RQJ.RQJ+RQJ.RQJ
&KLQD
(ULF<X+DL&KHQ&6.DQ.&<LS&:/DZ
2EMHFWLYHV$GKHUHQFHWRDQWLSV\FKRWLFWUHDWPHQWLVDQLPSRUWDQWDVSHFWRI
ORQJWHUPPDQDJHPHQWRIVFKL]RSKUHQLDDQGRWKHUUHODWHGSV\FKRWLFGLVRU
GHUV6LQFHPHGLFDWLRQQRQDGKHUHQFHLVUHODWHGWRUHODSVHWKHFRUUHFWLGHQ
WL¿FDWLRQRISDWLHQWVZKRDUHDWULVNRIQRQDGKHUHQFHSUREOHPVLVLPSRUWDQW
7KLVVWXG\HYDOXDWHVWKHVHQVLWLYLW\DQGVSHFL¿FLW\RIWKHFOLQLFLDQVVFUHHQ
LQJHYDOXDWLRQVDQGH[SORUHVIDFWRUVWKDWDUHUHODWHGWRQRQDGKHUHQFH
039#(/4)#¬$)3/2$%23¬¬039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
0HWKRGV&OLQLFLDQV¶UDWHGTXHVWLRQQDLUHVDQGPDWFKLQJSDWLHQWV¶VHOIUDWHG
TXHVWLRQQDLUHVZHUHDGPLQLVWHUHGWRFRQVHFXWLYHRXWSDWLHQWVPHDQDJH
\HDUVDQGPHDQGXUDWLRQRI LOOQHVV\HDUVDQG WKHLUFOLQLFLDQV LQ
IRXU KRVSLWDO FOLQLF VLWHV LQ +RQJ .RQJ ,WHPV LQ WKH TXHVWLRQQDLUHV DG
GUHVVHGDGKHUHQFHEHKDYLRUVDQGDWWLWXGHVWRZDUGVPHGLFDWLRQ,QDGGLWLRQ
FOLQLFLDQVDOVRHVWLPDWHGWKHSUHVHQFHRIDGYHUVHIDFWRUVVXFKDVVXEVWDQFH
DEXVHFRJQLWLYHLPSDLUPHQWVHWF
5HVXOWV 3DWLHQWV¶ VHOIUHSRUW DQG FOLQLFLDQV¶ HVWLPDWLRQ VXJJHVWHG VLPLODU
SURSRUWLRQ DERXW  RI SDWLHQWV WR KDYH QRQDGKHUHQFH EHKDYLRUV LH
IRUJRWWRWDNHWKHPHGLFDWLRQDQGGHFLGHGWRVWRSPHGLFDWLRQRQWKHLURZQ
:LWKUHIHUHQFHWRSDWLHQW¶VVHOIUHSRUWFOLQLFLDQVDUHQRWHIIHFWLYH LQ LGHQ
WLI\LQJ SDWLHQWVZLWK QRQDGKHUHQFH SUREOHPV VHQVLWLYLW\ 9DULDEOHV
UHODWHG WRQRQDGKHUHQFHEHKDYLRUV LQFOXGH\RXQJHUDJHSDUWLFLSDQWVZKR
KDG VKRUWHU LOOQHVV GXUDWLRQ DQG WDNLQJ DW\SLFDO DQWLSV\FKRWLFV +RZHYHU
JHQGHU KDG QR HIIHFW RQ QRQDGKHUHQFH EHKDYLRUV $ ORJLVWLF UHJUHVVLRQ
DQDO\VLV RQ SDWLHQWV¶ GHFLVLRQ WR VWRSPHGLFDWLRQ UHYHDOHG WKDW VLJQL¿FDQW
SUHGLFWRUV LQFOXGH FOLQLFLDQV¶ SHUFHSWLRQ RI SDWLHQWV¶ XQDZDUHQHVV RI LOO
QHVVSDWLHQWV¶UHSRUWHGODFNRISHUFHSWLRQIURPWKHEHQH¿WVRIPHGLFDWLRQ
SDWLHQWV¶UHSRUWHGQHJDWLYHIHHOLQJVDVVRFLDWHGZLWKUHJXODUPHGLFDWLRQDQG
\RXQJHUDJH
&RQFOXVLRQV1RQDGKHUHQFHLVDZLGHVSUHDGSKHQRPHQRQDIIHFWLQJDVLJ
QL¿FDQWSURSRUWLRQRIRXWSDWLHQWVXQGHUWUHDWPHQW&OLQLFLDQVKDYHUHODWLYHO\
ORZVHQVLWLYLW\LQGHWHFWLQJZKLFKSDWLHQWVDUHQRQDGKHUHQW1RQDGKHUHQFH
EHKDYLRULVSUHGLFWHGE\OHYHORILQVLJKWDWWLWXGHVWRZDUGVPHGLFDWLRQDQG
LOOQHVVGXUDWLRQ
32
3UHGLFWRUVRI0HGLFDWLRQ1RQ$GKHUHQFHLQ2XWSDWLHQWVZLWK
6FKL]RSKUHQLDLQ+RQJ.RQJ
&KULVW\/0+XL
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\RI+RQJ.RQJ+RQJ.RQJ
&KLQD
(ULF<X+DL&KHQ&6.DQ.&<LS&LQG\3<&KLX
2EMHFWLYHV1RQDGKHUHQFHLVDZLGHVSUHDGSKHQRPHQRQDIIHFWLQJDVLJQL¿
FDQWSURSRUWLRQRIRXWSDWLHQWVXQGHUWUHDWPHQW7KHHIIHFWLYHLGHQWL¿FDWLRQ
RISDWLHQWVZKRDUHDWULVNRIQRQDGKHUHQFHLV LPSRUWDQWIRU LQWHUYHQWLRQ
7KLVVWXG\H[SORUHVIDFWRUVWKDWDUHUHODWHGWRQRQDGKHUHQFHDQGHYDOXDWHV
WKHVHQVLWLYLW\DQGVSHFL¿FLW\RIWKHFOLQLFLDQVVFUHHQLQJHYDOXDWLRQV
0HWKRGV&OLQLFLDQV¶UDWHGTXHVWLRQQDLUHVDQGPDWFKLQJSDWLHQWV¶VHOIUDWHG
TXHVWLRQQDLUHVZHUHDGPLQLVWHUHGWRFRQVHFXWLYHRXWSDWLHQWVPHDQDJH
\HDUVDQGPHDQGXUDWLRQRI LOOQHVV\HDUVDQG WKHLUFOLQLFLDQV LQ
IRXUKRVSLWDOFOLQLFV LQ+RQJ.RQJ ,WHPV LQ WKHTXHVWLRQQDLUHVDGGUHVVHG
PHGLFDWLRQDGKHUHQFHEHKDYLRUVDQGDWWLWXGHV
5HVXOWV 3DWLHQWV¶ VHOIUHSRUW DQG FOLQLFLDQV¶ HVWLPDWLRQ VXJJHVWHG VLPLODU
SURSRUWLRQ DERXW  RI SDWLHQWV WR KDYH QRQDGKHUHQFH EHKDYLRUV LH
IRUJRWWRWDNHWKHPHGLFDWLRQDQGGHFLGHGWRVWRSPHGLFDWLRQRQWKHLURZQ
&OLQLFLDQV¶ GHWHFWLRQ RI QRQDGKHUHQFH EHKDYLRUV DFKLHYHG UHODWLYHO\ KLJK
VSHFL¿FLW\ EXW ORZVHQVLWLYLW\ <RXQJHUDJHZDV IRXQG WREH
UHODWHG WRQRQDGKHUHQFHEHKDYLRUVRI IRUJHWWLQJ WR WDNHPHGLFDWLRQ &KL
VTXDUH    S   DQG GHFLVLRQ WR VWRSPHGLFDWLRQ RQ WKHLU RZQ
&KLVTXDUH S 3DUWLFLSDQWVZLWKVKRUWHU LOOQHVVGXUDWLRQ
ZDVDOVRPRUH OLNHO\ WR VWRSPHGLFDWLRQ &KLVTXDUH S 
,QWHUHVWLQJO\SDUWLFLSDQWV WDNLQJDW\SLFDODQWLSV\FKRWLFVZHUHPRUH OLNHO\
WR VWRSPHGLFDWLRQ &KLVTXDUH S )XUWKHUGDWDDQDO\VLV
VXJJHVW WKDW WKLVZDVPHGLDWHGE\ DJH DQG LOOQHVVGXUDWLRQ HIIHFWV ,QRXU
VDPSOH JHQGHU ZDV QRW D VLJQL¿FDQW IDFWRU LQ SUHGLFWLQJ QRQDGKHUHQFH
EHKDYLRU$ORJLVWLFUHJUHVVLRQDQDO\VLVRQSDWLHQWV¶GHFLVLRQWRVWRSPHGL
FDWLRQUHYHDOHGWKDWVLJQL¿FDQWSUHGLFWRUV LQFOXGHFOLQLFLDQV¶SHUFHSWLRQRI
SDWLHQWV¶XQDZDUHQHVVRILOOQHVVSDWLHQWV¶UHSRUWHGODFNRISHUFHSWLRQIURP
WKH EHQH¿WV RIPHGLFDWLRQ SDWLHQWV¶ UHSRUWHG QHJDWLYH IHHOLQJV DVVRFLDWHG
ZLWKUHJXODUPHGLFDWLRQDQG\RXQJHUDJH
&RQFOXVLRQV &OLQLFLDQ GHWHFWLRQ RI QRQDGKHUHQFH KDV D ORZ VHQVLWLYLW\
3DWLHQW VHOI UHSRUW QRQDGKHUHQFH EHKDYLRU LV UHODWHG WR \RXQJHU DJH DQG
VKRUWHULOOQHVVGXUDWLRQDQGQHJDWLYHDWWLWXGHVWRZDUGVPHGLFDWLRQ
32
$1DWXUDOLVWLF\HDU/RQJLWXGLQDO6WXG\RI5HODSVHLQWKH
)LUVW(SLVRGH6FKL]RSKUHQLF3DWLHQWVLQ+RQJ.RQJ
&KULVW\/DL0LQJ+XL
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\RI+RQJ.RQJ+RQJ.RQJ
&KLQD
(ULF<X+DL&KHQ&KL.HXQJ:RQJ:DK)DW&KDQ
:DL1DQJ7DQJ
2EMHFWLYHV7RLQYHVWLJDWHWKHSUHYDOHQFHDQGWRLGHQWLI\WKHSUHGLFWRUVRI
UHODSVHRI WKH¿UVWHSLVRGHVFKL]RSKUHQLFSDWLHQWV LQ+RQJ.RQJSURVSHF
WLYHO\
0HWKRGV7KLVVWXG\SURVSHFWLYHO\IROORZHGSDWLHQWVZLWK¿UVWHSLVRGH
VFKL]RSKUHQLDVFKL]RSKUHQLIRUPGLVRUGHUDQGVFKL]RDIIHFWLYHGLVRUGHUDQG
WUDFNHGWKHLUUHODSVHUDWHLQWKHIROORZLQJWKUHH\HDUV'HPRJUDSKLFFOLQLFDO
DQGFRJQLWLYHYDULDEOHVSUHPRUELGIXQFWLRQDQGWKHGXUDWLRQRIXQWUHDWHG
SV\FKRVLV '83ZHUH LQYHVWLJDWHGDVSRWHQWLDOSUHGLFWRUVRI UHODSVH7KH
VDPSOHKDGDPHDQDJHRI\HDUVDQGWKHPHDQ'83ZDVGD\V
5HVXOWV:HIRXQGWKDWE\WKH¿UVW\HDUSDWLHQWVKDGUHODSVHGE\WKH
VHFRQG \HDU  KDG UHODSVHG DQG E\ WKH WKLUG \HDU  KDG UHODSVHG
7KHUHZDVDVLJQL¿FDQWGLIIHUHQFHLQWKHUHODSVHUDWHEHWZHHQSDWLHQWVZLWK
JRRGDGKHUHQFHDQGSDWLHQWVZLWKSRRUDGKHUHQFHWRPHGLFDWLRQUHJLPHV$
ORJLVWLFUHJUHVVLRQDQDO\VLVUHYHDOHGWKDWWKHVLJQL¿FDQWSUHGLFWRUVRIUHODSVH
LQFOXGHGD\RXQJHUDJHDWRQVHWPRUHSUHVHUYDWLYHHUURULQWKH:LVFRQVLQ
&DUG6RUWLQJ7HVWDQGQRQDGKHUHQFHWRPHGLFDWLRQ3UHPRUELGSHUVRQDOLW\
DQGFOLQLFDOIHDWXUHVDWSUHVHQWDWLRQZHUHIRXQGWREHXQUHODWHGWRUHODSVH
&RQFOXVLRQV7KH UHODSVH UDWH LQ WKLV VDPSOH LV UHODWLYHO\ ORZHU WKDQ WKDW
ZKLFK LV UHSRUWHG LQ RWKHU VWXGLHV$ \RXQJHU DJH DQG QRQDGKHUHQFH WR
PHGLFDWLRQ DUH SUREDEO\ LQGHSHQGHQWO\ DVVRFLDWHGZLWK UHODSVH7KH UHOD
WLRQVKLSEHWZHHQH[HFXWLYHIXQFWLRQDQGUHODSVHUHTXLUHVIXUWKHULQYHVWLJD
WLRQ'HVSLWHWKHLGHQWL¿FDWLRQRIVRPHSUHGLFWRUYDULDEOHVPDNLQJFRUUHFW
GHFLVLRQVDERXWPDLQWHQDQFHWUHDWPHQWDIWHU¿UVWHSLVRGHSV\FKRVLVUHPDLQV
DFOLQLFDODQGUHVHDUFKFKDOOHQJH
32
'LIIHUHQFHVLQ+HLJKWDQG6KDSHRI%2/'5HVSRQVHEHWZHHQ
6FKL]RSKUHQLFVDQG&RQWUROV
7KLOR.HOOHUPDQQ
'HSRI3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYRI$DFKHQ*HUPDQ\
+DEHO86HLIHUWK1<3DXO\.$PXQWV.6KDK1-
6FKQHLGHU)
2EMHFWLYHV 7KH FHUHEUDO SURFHVVLQJ RI HPRWLRQDO IDFLDO H[SUHVVLRQV KDV
UHSHDWHGO\EHHQVKRZQWRGLIIHUVXEVWDQWLDOO\EHWZHHQKHDOWK\FRQWUROVDQG
VFKL]RSKUHQLD SDWLHQWV:KLOH GLIIHUHQFHV EHWZHHQ HPRWLRQDO DQG QHXWUDO
IDFHVKDYHEHHQWKHPDMRUIRFXVLQSDVWQHXURLPDJLQJVWXGLHVOHVVHPSKDVLV
KDVEHHQSODFHGRQWKHSURFHVVLQJRIGLIIHUHQWHPRWLRQDOH[SUHVVLRQV$SDUW
IURPGLIIHUHQWPDJQLWXGHVRIEORRGR[\JHQDWLRQ OHYHOGHSHQGHQW %2/'
FKDQJHV LQ WKHEUDLQ WKHGLIIHUHQW UHVSRQVH VKDSHVPD\DOVREHRISDWKR
SK\VLRORJLFDO UHOHYDQFH DQG HQKDQFH RXU XQGHUVWDQGLQJ RI WKH DEQRUPDO
EUDLQIXQFWLRQLQVFKL]RSKUHQLD
0HWKRGV6HYHQWHHQVFKL]RSKUHQLDPDOHSDWLHQWVDQGKHDOWK\FRQ
WUROVPDWFKHGIRUVH[DJHDQGSDUHQWDOHGXFDWLRQZHUHVFDQQHGZKLOHWKH\
SHUIRUPHGDQDJHGLVFULPLQDWLRQWDVN,QWKLVWDVNHPRWLRQDOIDFLDOH[SUHV
VLRQVKDSS\VDGDQJU\DQGIHDUIXODVZHOODVQHXWUDORQHVZHUHSUHVHQWHG
ZKLOHVXEMHFWVKDGWRLQGLFDWHZKHWKHUWKHSHUVRQZDV\RXQJHURUROGHUWKDQ
\HDUV:KROHEUDLQVFDQVEDVHGRQHFKRSODQDULPDJLQJZKHUHDFTXLUHG
LQ RUGHU WR REWDLQ FKDQJHV LQ EUDLQ DFWLYDWLRQ GXH WR WKH SUHVHQWDWLRQ RI
WKH GLIIHUHQW HYHQWW\SHV 5HVSRQVHV RI WKH HYHQWW\SHVZHUHPRGHOHG E\
FRQYROYLQJWKHLUGHOWDIXQFWLRQVZLWKWKHFDQRQLFDOKHPRG\QDPLFUHVSRQVH
IXQFWLRQ+5)DQGLWV¿UVWDQGVHFRQGGHULYDWLYHVWRDFFRXQWIRUGLIIHUHQW
ODJVDQGGLIIHUHQWGLVSHUVLRQVRIWKH%2/'UHVSRQVHUHVSHFWLYHO\
5HVXOWV &RQWUROV UHYHDOHG KLJKHU DFWLYDWLRQ WKDQ SDWLHQWV LQ WKH ULJKW
PLGGOH WHPSRUDO J\UXVZKHQ YLHZLQJ IHDUIXO IDFHV 3DWLHQWV DFWLYDWHG WKH
OHIWLQIHULRUWHPSRUDOJ\UXVPRUHWKDQFRQWUROVLQWKHKDSS\FRQGLWLRQDQG
WKH VDPH FRQWUDVW H[KLELWHG VLJQL¿FDQW GLIIHUHQFHV LQ WKH LQIHULRU SDULHWDO
OREXOHIRUDQJU\IDFHVSFRUUHFWHG7KHGHULYDWLYHVRIWKH+5)DOVR
GLIIHUHGEHWZHHQFRQWUROVDQGSDWLHQWVLQVHYHUDODUHDVHYHQDIWHUPDVNLQJ
ZLWKWKH+5)EXWWKHWKUHVKROGZDVORZHUHGWRSIDOVHGLVFRYHU\UDWH
FRUUHFWHG
039#(/4)#¬$)3/2$%23¬¬039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
&RQFOXVLRQV7KLVVWXG\UHSOLFDWHGVLJQL¿FDQWGLIIHUHQFHVEHWZHHQKHDOWK\
FRQWUROVDQGVFKL]RSKUHQLDSDWLHQWVZKHQYLHZLQJHPRWLRQDOIDFLDOH[SUHV
VLRQVHYHQZKHQHPRWLRQVDUHSURFHVVHGZLWKRXWH[OLFLWHPRWLRQGLVFULPL
QDWLRQ LQVWUXFWLRQ )XUWKHUPRUH LW ZDV VKRZQ WKDW WKHVH EUDLQ DFWLYDWLRQ
GLIIHUHQFHV YDU\ GHSHQGLQJ RQ WKH HPRWLRQDO YDOHQFH /DVW EXW QRW OHDVW
GLIIHUHQFHVLQ
WKH ODJDQGVKDSHRI WKHKHPRG\QDPLFUHVSRQVHFRXOGEHGHWHFWHGZKLFK
FDQEHLQWHUSUHWHGDVVORZHUDQGZLGHUUHVSRQVHLQVFKL]RSKUHQLDSDWLHQWV
$FNQRZOHGJHPHQWV 7KLV VWXG\ ZDV VXSSRUWHG E\ WKH *HUPDQ 5HVHDUFK
)RXQGDWLRQ ')* 6FKQ DQG  WKH 5HVHDUFK &HQWUH -OLFK
DQGWKH)HGHUDO0LQLVWU\RI(GXFDWLRQDQG5HVHDUFK%UDLQ,PDJLQJ&HQWUH
:HVW*2
32
%LRORJLFDO0DUNHUVLQ6XLFLGDO6FKL]RSKUHQLF3DWLHQWV7UHDWHG
ZLWK2ODQ]DSLQHRU+DORSHULGRO
1HOD3LYDF
5XGMHU%RVNRYLF,QVWLWXWH&URDWLD
'DUNR0DUFLQNR'RURWHD0XHFN6HOHU0DMD0XVWDSLF
0LUR-DNRYOMHYLF0DULQD6DJXG
2EMHFWLYHV'\VUHJXODWHGVHURWRQHUJLFV\VWHPSOD\VDQLPSRUWDQWUROHLQWKH
QHXURELRORJ\ DQG WUHDWPHQW RI VFKL]RSKUHQLD 3HULSKHUDO ELRORJLFDOPDUN
HUV SODWHOHW VHURWRQLQ +7 FRQFHQWUDWLRQ SODWHOHWPRQRDPLQH R[\GDVH
0$2DFWLYLW\DQGVHUXPFKROHVWHURO OHYHOVDUHDOWHUHG LQVFKL]RSKUHQLD
DQGLQVXLFLGDOEHKDYLRXU7KHDLPRIWKHVWXG\ZDVWRGHWHUPLQHWKHDVVR
FLDWLRQEHWZHHQWKHVHSHULSKHUDOPDUNHUVDQGVXLFLGDOEHKDYLRXULQVFKL]R
SKUHQLFSDWLHQWVWUHDWHGZLWKDFODVVLFDODQWLSV\FKRWLFGUXJKDORSHULGRORU
DQDW\SLFDODQWLSV\FKRWLFGUXJRODQ]DSLQH
0HWKRGV3DUWLFLSDQWVZHUHPDOH VFKL]RSKUHQLF '06,9FULWHULDSD
WLHQWVZLWK VXLFLGDOEHKDYLRXU &OLQLFDO*OREDO ,PSUHVVLRQ IRU6HYHULW\RI
6XLFLGDOLW\&*,66 UHFHLYLQJRODQ]DSLQH1 RUKDORSHULGRO 1 
DQGPDOHKHDOWK\FRQWUROV3ODWHOHW+7FRQFHQWUDWLRQDQGSODWHOHW0$2
DFWLYLW\ ZDV GHWHUPLQHG E\ WKH VSHFWURÀXRULPHWULF PHWKRGV DQG VHUXP
FKROHVWHURO OHYHOVE\WKHHQ]\PDWLFFRORUWHVWUHVSHFWLYHO\0DLQRXWFRPH
PHDVXUHV ZHUH VFRUHV LQ &OLQLFDO *OREDO ,PSUHVVLRQ RI 6HYHULW\ &*,6
RU &KDQJH &*,& &*,66 DQG +DPLOWRQ 5DWLQJ 6FDOH IRU 'HSUHVVLRQ
+$0'
5HVXOWV 3ODWHOHW +7 ZDV VLJQL¿FDQWO\ )  GI  S
ORZHU LQ VXLFLGDO VFKL]RSKUHQLF SDWLHQWV WUHDWHG ZLWK KDORSHULGRO WKDQ LQ
SDWLHQWVWUHDWHGZLWKRODQ]DSLQHRULQKHDOWK\FRQWUROV+$0'VFRUHVZHUH
VLJQL¿FDQWO\) GI S ORZHUDIWHURODQ]DSLQHWKDQDIWHU
KDORSHULGRO WUHDWPHQW 3ODWHOHW0$2DFWLYLW\ )  GI  S 
RUVHUXPFKROHVWHUROOHYHOV) GI S GLGQRWGLIIHUVLJ
QL¿FDQWO\EHWZHHQVFKL]RSKUHQLFSDWLHQWVWUHDWHGZLWKKDORSHULGRORURODQ
]DSLQHDQGKHDOWK\VXEMHFWV6FRUHV LQ6&,6DQG&*,&ZHUHVLJQL¿FDQWO\
GLIIHUHQW) GI S ORZHUDIWHU WKDQEHIRUH WUHDWPHQW
EXW ERWK GUXJV HOLFLWHG VLPLODU UHGXFWLRQ RI &*,& VFRUHV DIWHU WUHDWPHQW
6XLFLGDO VFRUHV &*,66 ZHUH VLJQL¿FDQWO\ )  GI  S 
GHFUHDVHGDIWHURODQ]DSLQHEXWQRWDIWHUKDORSHULGROWUHDWPHQW
&RQFOXVLRQV2XUGDWDVKRZWKHEHQH¿FLDOHIIHFWRIRODQ]DSLQHZKHQFRP
SDUHGWRKDORSHULGROLQWKHWUHDWPHQWRIVFKL]RSKUHQLDZLWKVXLFLGDOEHKDY
LRXU5HGXFHGSODWHOHW+7FRQFHQWUDWLRQZLWKORZHU&*,66VFRUHVDIWHU
RODQ]DSLQHZKHQFRPSDUHGWRKDORSHULGROWUHDWPHQW LQGLFDWHWKDWSODWHOHW
+7FRQFHQWUDWLRQPLJKWEHXVHGDVDSHULSKHUDOELRFKHPLFDOPDUNHURIVXL
FLGDOEHKDYLRXUQRWRQO\LQGHSUHVVLRQEXWDOVRLQVXLFLGDOVFKL]RSKUHQLD
5HIHUHQFHV
0XFN6HOHU ' -DNRYOMHYLF 0 'HDQRYLF =  3ODWHOHW VHURWRQLQ LQ
VXEW\SHV RI VFKL]RSKUHQLD DQG XQLSRODU GHSUHVVLRQ 3V\FKLDWU\ 5HVHDUFK

0XOOHU2UOLQJKDXVHQ%5RJJHQEDFK-)UDQNH/6HURWRQHUJLFSODWH
OHWPDUNHUVRIVXLFLGDOEHKDYLRXU±GRWKH\UHDOO\H[LVW"-RXUQDORI$IIHFWLYH
'LVRUGHUV
0XFN6HOHU' -DNRYOMHYLF03LYDF1 3ODWHOHW +7DQG VXLFLGDO
EHKDYLRXULQUHFXUUHQWPDMRUGHSUHVVLRQ-RXUQDORI$IIHFWLYH'LVRUGHUV

32
$6ZLWFK6WXG\RI=LSUDVLGRQHLQ7DLZDQHVH2XWSDWLHQWVZLWK
6FKL]RSKUHQLD
,6KLQ6KLDK
'HSDUWPHQWRI3V\FKLDWU\7UL6HUYLFH*HQHUDO+RVSLWDO7DLSHL
7DLZDQ
.XDQ/LQJ&KHQ+XL-X<DQJ&KLQ%LQ<HK:HL&KXQJ0DR
2EMHFWLYHV:H FRQGXFWHG D VL[ZHHN VZLWFK WULDO WR GHWHUPLQH LI GLIIHU
HQFHV H[LVW LQ HIIHFWLYHQHVV DQG VDIHW\ LQ SDWLHQWV ZLWK VFKL]RSKUHQLD RU
VFKL]RDIIHFWLYHGLVRUGHU VZLWFKHG IURP UHVSHFWLYHO\ VXOSLULGH ULVSHULGRQH
RURODQ]DSLQHWR]LSUDVLGRQH
0HWKRGV7DLZDQHVHRXWSDWLHQWVDJHGWRZLWKD'60,9GLDJQRVLV
RI VFKL]RSKUHQLD RU VFKL]RDIIHFWLYH GLVRUGHUZHUH UHFUXLWHG IRU WKH VWXG\
7KHUHFUXLWHGSDWLHQWVQHHGWRUHFHLYHVXOSLULGHRODQ]DSLQHRUULVSHULGRQH
ZLWKSHUVLVWHQWSV\FKRWLFV\PSWRPVRUWURXEOHVRPHVLGHHIIHFWV7KH\ZHUH
VZLWFKHG WR DQ RSHQODEHO ÀH[LEOHGRVH WULDO RI ]LSUDVLGRQH  PJ
GD\IRUVL[ZHHNV3$166%356DQG&*,VFRUHVZHUHSULPDU\RXWFRPHV
0$'56VFRUHVERG\ZHLJKWEORRGOHYHOVRISURODFWLQJOXFRVHFKROHVWHURO
WULJO\FHULGHDQG27FLQWHUYDOZHUHDOVRPHDVXUHGDVVHFRQGDU\RXWFRPHV
5HVXOWV,Q¿YHPRQWKVZHUHFUXLWHGDWRWDORIRXWSDWLHQWVRQVXOSLULGH
ULVSHULGRQH RU RODQ]DSLQH )LYH RI WKH  SDWLHQWV GURSSHG RXW IURP WKH
VWXG\EHFDXVHRIQRQFRPSOLDQFHQ UHODSVHRIGHSUHVVLRQQ UHODSVH
RI SV\FKRVLV GXULQJ WKH WULDO Q  DQG DFXWH H[DFHUEDWLRQ RI SV\FKRVLV
EHIRUH VWDUWLQJZLWK ]LSUDVLGRQH Q  )RU WKH UHPDLQLQJ  SDWLHQWVZKR
FRPSOHWHGWKHVWXG\]LSUDVLGRQHVZLWFKPHDQGRVHPJGD\OHGWRDQ
LPSURYHPHQW LQSV\FKRWLF V\PSWRPVD ORZHUPRYHPHQWGLVRUGHUEXUGHQ
DORZHUOLDELOLW\IRUZHLJKWJDLQDQGK\SHUSURODFWLQHPLDDQGDQDEVHQFHRI
VLJQL¿FDQWGHOHWHULRXVHIIHFWVRIVHUXPOLSLGOHYHOVRUJOXFRVHPHWDEROLVP
1RVLJQL¿FDQWFKDQJHLQ47FLQWHUYDOZDVIRXQGEHIRUHDQGDIWHUVZLWFKLQJ
WR]LSUDVLGRQH
&RQFOXVLRQV7KH¿QGLQJVRIWKLVVWXG\VXJJHVWWKDWDVZLWFKWR]LSUDVLGRQH
IURPSUHYLRXV WUHDWPHQWV KDV D WKHUDSHXWLF HIIHFW LQ SDWLHQWVZLWK VFKL]R
SKUHQLD RU VFKL]RDIIHFWLYH GLVRUGHUZKLOH LPSURYLQJPDMRU KHDOWK LQGLFHV
LQFOXGLQJERG\ZHLJKWSURODFWLQOHYHOVDQGH[WUDS\UDPLGDOVLGHHIIHFWV
5HIHUHQFHV
.DQH-02UDO]LSUDVLGRQHLQWKHWUHDWPHQWRIVFKL]RSKUHQLDDUHYLHZ
RIVKRUWWHUPWULDOV-&OLQ3V\FKLDWU\6XSSO
:HLGHQ3-6LPSVRQ*03RWNLQ6*2µ6XOOLYDQ5/(IIHFWLYHQHVV
RI VZLWFKLQJ WR ]LSUDVLGRQH IRU VWDEOH EXW V\PSWRPDWLF RXWSDWLHQWV ZLWK
VFKL]RSKUHQLD-&OLQ3V\FKLDWU\
32
/DFNRI6RFLDO0RWLYDWLRQDQG1HJDWLYH6\PSWRPV
:DL67VH
'HSDUWPHQWRI$SSOLHG6RFLDO6WXGLHV&LW\8QLYHUVLW\RI+RQJ
.RQJ+RQJ.RQJ
75XVVHOO/\Q63LORZVN\$O\VRQ-%RQG
2EMHFWLYHV0XFK UHVHDUFKKDV UHSRUWHG WKDW VFKL]RSKUHQLF SDWLHQWV VKRZ
GH¿FLWV LQ VRFLDO DGDSWDWLRQ +DUYH\  DQG VXFK GH¿FLWV KDYH EHHQ
DWWULEXWHGWR WKHLUSRYHUW\RIVSHHFKRQHDVSHFWRI WKHQHJDWLYHV\QGURPH
%HOODFNHWDO+RZHYHUDUHGXFWLRQLQVRFLDOIXQFWLRQLQJPLJKWDOVR
EHDVVRFLDWHGZLWKRWKHUQHJDWLYHV\PSWRPVVXFKDVODFNRIPRWLYDWLRQRU
DQKHGRQLD,QDGGLWLRQSRVLWLYHV\PSWRPVVXFKDVKDOOXFLQDWLRQVDQGGHOX
VLRQVZHUHDVVRFLDWHGZLWKJUHDWHULPSDLUPHQWLQVRFLDOUROHSHUIRUPDQFH
DVPHDVXUHGE\WKH'LVDELOLW\$VVHVVPHQW6FDOHEXWWKHDYHUVLYHLQÀXHQFHV
RISRVLWLYHV\PSWRPVRQVRFLDO IXQFWLRQLQJUHPDLQXQFOHDU ,Q WKHSUHVHQW
VWXG\UHODWLRQVKLSEHWZHHQERWKQHJDWLYHDQGSRVLWLYHV\PSWRPVDQGVRFLDO
PRWLYDWLRQLVH[DPLQHG
0HWKRGV 1LQHWHHQ RXWSDWLHQWV PHDQ DJH     GLDJQRVHG ZLWK
VFKL]RSKUHQLDIHPDOHVDQGPDOHVEDVHGRQ'60,9FULWHULDSDUWLFL
SDWHGLQWKHVWXG\7KH\ZHUHZHOOPDLQWDLQHGRQPHGLFDWLRQDQGFXUUHQWO\
LQUHPLVVLRQ7KHVWXG\ZDVDSSURYHGE\WKH,QVWLWXWLRQDO(WKLFDO&RPPLWWHH
DQGRQDUULYDOSDUWLFLSDQWVJDYHZULWWHQLQIRUPHGFRQVHQW7KH\ZHUHDVNHG
WR ¿OO LQ D TXHVWLRQQDLUHPHDVXULQJ WKHLU VHOISHUFHLYHG VRFLDO DGDSWDWLRQ
WKH6RFLDO$GDSWDWLRQ6HOIHYDOXDWLRQ6FDOH6$667KHQSRVLWLYHDQG
QHJDWLYHV\PSWRPVZHUHDVVHVVHGE\WKH3RVLWLYHDQG1HJDWLYH6\QGURPH
6FDOH3$1667KHDJHRIRQVHWGXUDWLRQRIWKHLOOQHVVDQGHPSOR\PHQW
VWDWXVZHUHDOVRUHFRUGHG7DEOH
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
5HVXOWV,QWKLVVDPSOHRIWKHSDWLHQWVZHUHXQHPSOR\HG6SHDUPDQ¶V
UKRUVZDVXVHGWRFDOFXODWHFRUUHODWLRQVEHWZHHQWKHWRWDO6$66VFRUHVDQG
WKHRWKHUPHDVXUHV7KH6$66ZDV VLJQL¿FDQWO\ LQYHUVHO\FRUUHODWHGZLWK
WKHWRWDOVFRUHRIWKHQHJDWLYHV\PSWRPVXEVFDOHUV S LQD
WDLOHGWHVW&RUUHODWLRQVZLWKWKHSRVLWLYHV\PSWRPVXEVFDOHGXUDWLRQRI
LOOQHVVDQGDJHRIRQVHWZHUHQRWVLJQL¿FDQW
'LVFXVVLRQ7KHSUHVHQW UHVXOWV DUH FRQVLVWHQWZLWK SUHYLRXV¿QGLQJV WKDW
QHJDWLYHV\PSWRPVRIVFKL]RSKUHQLDDUHUHODWHGWRUHGXFHGVRFLDOIXQFWLRQ
LQJ7KHKLJKHUWKHVFRUHRQWKHQHJDWLYHV\PSWRPVXEVFDOHWKHORZHUWKH
VRFLDOIXQFWLRQLQJIRXQG,WKDVEHHQVXJJHVWHGWKDWWKH6$66LVPHDVXULQJ
LQWHUHVWHQMR\PHQWDQGPRWLYDWLRQLQVRFLDODFWLYLW\7KXVQHJDWLYHV\PS
WRPVDUHVWURQJO\UHODWHGWRVRFLDOPRWLYDWLRQ2IFRXUVHWKHSUHVHQWUHVXOW
GRHVQRWLQGLFDWHFDXVDOLW\EHWZHHQWKHWZRFRQFHSWV+RZHYHUWKH¿QGLQJ
WKDWQHJDWLYHV\PSWRPVDUHUHODWHGWRVRFLDOPRWLYDWLRQDQGDFWLYLW\LVFRQ
VLVWHQWZLWK¿QGLQJVWKDWVRFLDODQKHGRQLDWKHLQDELOLW\WRIHHOSOHDVXUHLQ
VRFLDODFWLYLW\ZKLFKPLJKWGHFUHDVHRQH¶VVRFLDOPRWLYDWLRQLVDVVRFLDWHG
ZLWKVRFLDOIXQFWLRQLQJ
5HIHUHQFHV
 %RVF 0 'XELQL$ 3ROLQ 9 'HYHORSPHQW DQG YDOLGDWLRQ RI D VRFLDO
IXQFWLRQLQJ VFDOH WKH 6RFLDO$GDSWDWLRQ 6HOIHYDOXDWLRQ 6FDOH (XU 1HX
URSV\FKRSKDUPDFRO6XSSO66
.D\ 65 )LV]EHLQ$2SOHU /$ 7KH 3RVLWLYH DQG1HJDWLYH
6\QGURPH6FDOH3$166IRUVFKL]RSKUHQLD6FKL]RSKU%XOO
%ODQFKDUG--0XHVHU.7%HOODFN$6$QKHGRQLDSRVLWLYHDQGQHJDWLYH
DIIHFW DQG VRFLDO IXQFWLRQLQJ LQ VFKL]RSKUHQLD 6FKL]RSKU %XOO 

7DEOH7KHSV\FKLDWULFFKDUDFWHULVWLFVRIWKHVDPSOH
 0HDQ6'1 
$JH\HDUV 
$JHRIRQVHW\HDUV 
'XUDWLRQRILOOQHVV\HDUV 
3$166SRVLWLYHV\PSWRPV 
3$166QHJDWLYHV\PSWRPV 
6$66 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'LHW:HLJKW3HUFHSWLRQDQG:HLJKW/RVV(IIRUWVLQ
6FKL]RSKUHQLD3DWLHQWV
0DUWLQ6WUDVVQLJ
5HVHDUFK7UDFN5HVLGHQW:HVWHUQ3V\FKLDWULF,QVWLWXWHDQG&OLQLF
8QLYHUVLW\RI3LWWEXUJK0HGLFDO&HQWHU3HQQV\OYDQLD86$
-DVSUHHW6%UDU5RKDQ*DQJXOL
2EMHFWLYHV 7R LQYHVWLJDWH GLHWDU\ KDELWV ERG\ZHLJKW VHOISHUFHSWLRQ
DQGZHLJKW ORVVHIIRUWVRI FRPPXQLW\GZHOOLQJRXWSDWLHQWV VXIIHULQJ IURP
6FKL]RSKUHQLD
0HWKRGV7KHKRXUGLHWDU\UHFDOOPHWKRGZDVXVHGWRDVVHVVIRRGLQWDNH
RISDWLHQWV5HVXOWVZHUHFRPSDUHGWR86SRSXODWLRQVWDQGDUGVDOVRJDWKHUHG
E\KRXUGLHWDU\UHFDOOV%RG\ZHLJKWSHUFHSWLRQLQUHODWLRQWRZHLJKWORVV
HIIRUWV DQGPHWKRGV XVHG WR FRQWURO ERG\ZHLJKW ZHUH DVFHUWDLQHG YLD D
ZHOOHVWDEOLVKHG VHPLVWUXFWXUHG LQWHUYLHZ SUHYLRXVO\ HPSOR\HG LQ ODUJH
HSLGHPLRORJLFDOVWXGLHV1+$1(6
5HVXOWV2QHKXQGUHGDQGIRXUW\VL[SDWLHQWVZHUHUHFUXLWHG$YHUDJH%0,
%RG\0DVV ,QGH[ ZDV  ZKLFK LV VLJQL¿FDQWO\ KLJKHU WKDQ 86
SRSXODWLRQ VWDQGDUGV S3DWLHQWV DWH VLJQL¿FDQWO\PRUH WRWDO
FDORULHVYVS FDUERK\GUDWHVJYV
JS DQGIDWJYVJS WKDQ
WKHUHIHUHQFHSRSXODWLRQ+RZHYHUUHODWLYHSHUFHQWDJHVGHULYHGIURPWKHVH
QXWULHQWVZHUHQRWGLIIHUHQWWRUHIHUHQFHLQWDNHV6HOISHUFHSWLRQRIZHLJKLQJ
WRRPXFKZDVVLJQL¿FDQWO\FRUUHODWHG WRPHDVXUHGERG\ZHLJKW U 
S DQG%0, U    S$VPHDQV RIZHLJKW ORVV FDORULF
UHVWULFWLRQZDVPRVWIUHTXHQWO\HPSOR\HGE\PRUHWKDQRIVWXG\VXE
MHFWVRQO\DWKLUGRIVWXG\VXEMHFWVHQJDJHGLQWKHUHFRPPHQGHG
FRPELQDWLRQ RI GLHW DQG H[HUFLVH WR IDFLOLWDWH ZHLJKW ORVV 4XHVWLRQDEOH
ZHLJKW ORVV SUDFWLFHV ZHUH DOVR IUHTXHQWO\ HPSOR\HG HVSHFLDOO\ DPRQJ
ZRPHQ
&RQFOXVLRQV 0RVW FRPPXQLW\GZHOOLQJ 6FKL]RSKUHQLD SDWLHQWV LQ RXU
VDPSOH ZHUH RYHUZHLJKW RU REHVH ZKHQ FRPSDUHG WR FRQWUROV IURP WKH
86SRSXODWLRQ&RQVLVWHQWO\WKH\DWHPRUHIRRGWKDQSHRSOHLQWKHJHQHUDO
SRSXODWLRQ+RZHYHUGLHWDU\ FKRLFHVGLGQRW VHHP WRGLIIHU IURPFKRLFHV
SHRSOHLQWKHSRSXODWLRQZRXOGKDYHPDGH3DWLHQWVUDWKHUDWHPRUHRIWKH
VDPHIRRG3DWLHQWVZHUHDOVRDZDUHRIWKHLUH[FHVVERG\ZHLJKWDQGZHUH
DFWLYHO\WU\LQJWRORVHZHLJKWDOEHLWQRWDOZD\VWKURXJKWKHPRVWDSSURSULDWH
DQGVDIHVWPHDVXUHV
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3KDUPDFRHFRQRPLF$QDO\VLVRI4XHWLDSLQH0DLQWHQDQFH
7UHDWPHQWLQD)LUVW(SLVRGH6FKL]RSKUHQLD
(YJHQ\/\XERY
7KH0RVFRZ5HVHDUFK,QVWLWXWHRI3V\FKLDWU\RIWKH5XVVLDQ
)HGHUDWLRQ
,VDDN*XURYLWFK
2EMHFWLYHV WR HYDOXDWH WKH FRVW HIIHFWLYHQHVV RI 4XHWLDSLQH 4 PDLQWH
QDQFH WUHDWPHQW LQ¿UVWHSLVRGHVFKL]RSKUHQLD ,&'YV VWDQGDUG WUHDW
PHQWHJ+DORSHULGRO
3HUVSHFWLYH3DWLHQWDQGKLVKHUIDPLO\PHQWDOKHDOWKVVHUYLFHVVRFLHW\
0HWKRGV$0DUNRYVLPXODWLRQPRGHOKDVEHHQGHYHORSHG7KHPRGHOZDV
XVHG WR DQDO\VH D K\SRWKHWLFDO \HDU SHULRG DQG LQFRUSRUDWHG GDWD IURP
PHWDDQDO\VHVRIUDQGRPLVHGFOLQLFDOWULDOVDQGIURPUHOHYDQWGDWDRIRULJL
QDOSKDUPDFRHSLGHPLRORJLFVWXG\7KHPDLQRXWFRPHPHDVXUHVZHUH WLPH
ZLWKRXWSURPLQHQWVFKL]RSKUHQLFV\PSWRPV³WLPHZLWKRXWGLVHDVH³2XU
DQDO\VLVFRQVLGHUHGERWKGLUHFWPHGLFDOFRVWVDQGLQGLUHFWVRFLHWDOFRVWV
5HVXOWV7KHFRVWRI4WUHDWPHQWH[FHHGVWKRVHRI+DORSHULGROPRUHWKDQ
WLPHVHJDQG5RXESHUSDWLHQWUHVSHFWLYHO\+RZHYHU
4GHPRQVWUDWHGVXEVWDQWLDOHFRQRPLFDODGYDQWDJHV5RXEYV+DORSHULGRO
IURPVRFLHWDOSHUVSHFWLYH)LJFDXVHGE\LW¶VDGYDQWDJHVE\VLJQL¿FDQW
O\LQFUHDVLQJWLPHLQDGLVDELOLW\IUHHVWDWHRISDWLHQWV7KHUHVXOWVRIDQDO\VLV
ZHUHQRWUREXVWLQDVHQVLWLYLW\DQDO\VLVLQFOXGLQJYDULDWLRQVLQWKHFRVWRI
KRVSLWDOL]DWLRQDQGRUWKHDFTLVLWLRQFRVWRI4DQGWKHYDOXHRIWKHUHJLRQDO
'RPHVWLF3URGXFW
&RQFOXVLRQV4PD\EHDFRVWVDYLQJVWUDWHJ\IRUVXESRSXODWLRQRISDWLHQWV
LQ HDUO\ VWDJHV RI VFKL]RSKUHQLD 'LVSURSRUWLRQDOO\ KLJKHU WKH ZKROHVDOH
DFTLVLWLRQ FRVW RI4 FRPSDUHG WR WKH FRVW RIPHQWDO KHDOWK ©UHDOZRUOGª
SUDFWLFHLQ5XVVLDHVVHQWLDOO\LQÀXHQFHGRQUHVXOWV&OLQLFDODQGHFRQRPLF
ÀH[LEOHFULWHULDRXJKWWRGHYHORSDVDJXLGHOLQHIRUDSSURSULDWHSUHVFULELQJ
DQGUDWLRQDOWUHDWPHQWRI4LQD¿UVWHSLVRGHVFKL]RSKUHQLD
5HIHUHQFHV%LUFKZRRG0)RZOHU'-DFNVRQ&(DUO\LQWHUYHQWLRQ
LQSV\FKRVLV-RKQ:LOH\	6RQV&KLFKHVWHU5HYLFNL'$&RVWHI
IHFWLYHQHVVRIWKHQHZHUDW\SLFDODQWLSV\FKRWLFVDUHYLHZRIWKHSKDUPDF
RHFRQRPLFUHVHDUFKHYLGHQFH&XUU2SLQ'UXJV
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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3RVWHU6HVVLRQ1R
32
,QVXOD$QRPDO\LQ3DQLF'LVRUGHU$9R[HO%DVHG
0RUSKRPHWULF6WXG\
)UHGHULFR*UDHII
3V\FKLDWU\'LYLVLRQ0HGLFDO6FKRRORI5LEHLUmR3UHWR8QLYHUVLW\
RI6mR3DXOR%UD]LO
5LFDUGR8FKLGD'DYLG$UD~MR$QWRQLR6DQWRV-RVp&ULSSD
)iELR'XUDQ*HUDOGR%XVDWWR&ULVWLQD'HO%HQ
)UDQFLVFR6*XLPDUmH
2EMHFWLYHV 7KH DLP RI WKH SUHVHQW VWXG\ ZDV WR DVVHVV EUDLQ PDJQHWLF
UHVRQDQFHLPDJHV05,RISDQLFGLVRUGHU3'SDWLHQWVZLWKYR[HOEDVHG
PRUSKRPHWU\ 9%0 YDOLGDWHG E\ FRPSDULVRQ ZLWK PDQXDO YROXPHWU\
09LQNH\EUDLQVWUXFWXUHV
0HWKRGV1LQHWHHQ3'SDWLHQWVDQGPDWFKHGKHDOWK\FRQWUROVXQGHUZHQW
05,VFDQQLQJZLWKD7HVODPDJQHWLFUHVRQDQFHFDPHUD0DJQHWRQ9L
VLRQ6LHPHQV*(6DJLWWDO7ZHLJKWHGWKLFNVOLFHVZHUHFROOHFWHG
9%0DQDO\VLVZDVSHUIRUPHGZLWKD630SDFNDJH:HOOFRPH'HSDUWPHQW
RI,PDJLQJ1HXURVFLHQFH/RQGRQ8.H[HFXWHGLQ0DWWODE0DWKZRUNV
6KHUERUQ 0$ 86$ $ PRGXODWLRQ VWHS ZDV LQFOXGHG WR UHFRYHU WKH
RULJLQDOYROXPHVZKLFKKDGEHHQFKDQJHGE\VSDWLDOQRUPDOL]DWLRQ*RRG
HWDO2QO\FOXVWHUVDERYHYR[HOVZHUHFRQVLGHUHGIRUVWDWLVWLFDO
DQDO\VLVPDGHWKURXJK$1&29$ZLWKD= WKUHVKROG)RUYDOLGDWLRQ
09ZDVFDUULHGRXWDFFRUGLQJWR8FKLGDHWDOLQWKHDP\JGDODDQG
KLSSRFDPSXVRI3'SDWLHQWVDQGFRQWUROVDQGFRPSDUHGZLWK9%0
HVWLPDWHVRIJUH\PDWWHUGHQVLW\LQWKHFRUUHVSRQGLQJVWUXFWXUH
5HVXOWV $ SRVLWLYH FRUUHODWLRQ ZDV IRXQG EHWZHHQ WKH DP\JGDOD DQG
KLSRFDPSDO YROXPHPHDVXUHGZLWK09 DQG JUH\PDWWHU GHQVLW\ DVVHVVHG
ZLWK9%06LQFHERWKWKHVHVWUXFWXUHVDUHPDLQO\FRPSRVHGRIJUH\PDWWHU
WKHVHUHVXOWVYDOLGDWHWKH9%0SURFHGXUHXVHG$QLQFUHDVHLQJUH\PDWWHU
GHQVLW\ZDVIRXQGLQWKHOHIWLQVXOD%$RI3'SDWLHQWVDVFRPSDUHGWR
FRQWUROV$GGLWLRQDO VWUXFWXUHV VKRZLQJ GLIIHUHQWLDO LQFUHDVHZHUH WKH OHIW
VXSHULRUWHPSRUDOJ\UXV%$DQGOHIWSDUDKLSSRFDPSDOJ\UXV%$
,Q FRQWUDVW UHODWLYH JUH\ PDWWHU GH¿FLW RFFXUUHG LQ WKH ULJKW IURQWRSRODU
SUHIURQWDOFRUWH[%$RI3'SDWLHQWV
&RQFOXVLRQV7KHVHUHVXOWVLGHQWLI\JUH\PDWWHUFKDQJHLQEUDLQUHJLRQVWKDW
KDYHEHHQ LPSOLFDWHG LQDQ[LHW\DQG LWVGLVRUGHUV ,QSDUWLFXODU WKH LQVXOD
DQRPDO\PD\ EH UHOHYDQW WR WKH SDWKRSK\VLRORJ\ RI 3' VLQFH IXQFWLRQDO
QHXURLPDJLQJ VWXGLHV LQGLFDWH WKDW WKH DQWHULRU LQVXOD SDUWLFLSDWHV LQ WKH
HYDOXDWLRQSURFHVVWKDWDVFULEHVQHJDWLYHHPRWLRQDOPHDQLQJWRSRWHQWLDOO\
GLVWUHVVLQJFRJQLWLYHDQGLQWHURFHSWLYHVHQVRU\LQIRUPDWLRQ5HLPDQ
5HIHUHQFHV
5HLPDQ(07KHDSSOLFDWLRQRISRVLWURQHPLVVLRQWRPRJUDSK\WRWKH
VWXG\RIQRUPDODQGSDWKRORJLFHPRWLRQV-RXUQDORI&OLQLFDO3V\FKLDWU\
6XSSO
*RRG&'-RKQVUXGH,6$VKEXUQHU-+HQVRQ51)ULVWRQ.-)UDFNRZLDN
56$YR[HOEDVHGPRUSKRPHWULFVWXG\RIDJHLQJLQQRUPDODGXOW
KXPDQEUDLQV1HXUR,PDJH
8FKLGD55'HO%HQ&06DQWRV$&$UD~MR'&ULSSD-$*XLPDUmHV)6
*UDHII)*'HFUHDVHGYROXPHRIOHIWWHPSRUDOOREHLQSDQLFSDWLHQWV
PHDVXUHGWKURXJKPDJQHWLFUHVRQDQFHLPDJLQJ%UD]LOLDQ-RXUQDORI0HGL
FDODQG%LRORJLFDO5HVHDUFK
32
:RUNLQJ0HPRU\DQG9LVXDO,QIRUPDWLRQ/RDGLQ
6FKL]RSKUHQLF3DWLHQWV'DWDIURPDQ2QJRLQJ/RQJLWXGLQDO
I05,6WXG\
&KULVWLDQ*+XEHU
1HXUR,PDJH1RUG3V\FKLDWU\8QLYHUVLW\0HGLFDO&HQWUH+DP
EXUJ(SSHQGRUI*HUPDQ\
0LFKDHO5RVH6WHIDQLH%UDVVHQ&KULVWLDQ%FKHO'LHWHU)%UDXV
2EMHFWLYHV7KHUHLVDPSOHHYLGHQFHWKDWVFKL]RSKUHQLDLVDVVRFLDWHGZLWK
FRJQLWLYHGH¿FLWVSDUWLFXODUO\LQWKHGRPDLQVRIDWWHQWLRQZRUNLQJPHPRU\
:0DQGH[HFXWLYHIXQFWLRQV$PRGHORIFRUWLFDOLQHI¿FLHQF\KDVUHFHQWO\
EHHQSURSRVHG WRH[SODLQDOWHUHGDFWLYDWLRQSDWWHUQVSDUWLFXODUO\IRXQG
LQ WKH '/3)& %DVHG RQ ¿QGLQJV RI ERWK K\SR DQG K\SHUDFWLYDWLRQ
0$12$&+VXJJHVWVDQLQYHUWHG8VKDSHRI%2/'DFWLYDWLRQLQWHQVLW\
ZLWK LQFUHDVLQJ:0H[HFXWLYHIXQFWLRQGHPDQG7KLVFXUYHDSSHDUV WREH
VKLIWHGLQVFKL]RSKUHQLFSDWLHQWVUHODWLYHWRQRUPDOFRQWUROVLQWHUPVRIDQ
HDUOLHULQFUHDVH,QFRQWUDU\ZLWKH[HFXWLYHIXQFWLRQ:0GHPDQGH[FHHG
LQJFDSDFLW\DQHDUOLHUGHFUHDVHRIWKHUHVSRQVHLVDOVRVHHQ5HFHQW¿QGLQJV
IURP-$160$HWDOVXSSRUWWKLVWKHRU\
,QSUHYLRXVIXQFWLRQDOLPDJLQJVWXGLHVZHDQGRWKHUVZHUHDEOHWRVKRZD
IDYRUDEOHHIIHFWRIDW\SLFDOGUXJVOLNHFOR]DSLQHDQGRODQ]DSLQHRQLPSDLUHG
FRJQLWLYHIXQFWLRQLQJ$WSUHVHQWWKHUHLVQRNQRZQI05,GDWDFRQFHUQLQJ
WKH FDSDELOLWLHV RI WKH VHOHFWLYH ''DQWDJRQLVW DPLVXOSULGH WR UHVWRUH
FRJQLWLYH IXQFWLRQLQJ LQVFKL]RSKUHQLFSDWLHQWV7KHUHIRUH WKHJRDORI WKH
SUHVHQW VWXG\ LV WR HVWDEOLVK DQ I05, SDUDGLJP VXLWDEOH IRU LQYHVWLJDWLQJ
SUHGLFWLRQVRIWKH0$12$&+PRGHODQGWRH[DPLQHWKHHIIHFWVRIDPLVXO
SULGHWUHDWPHQWXVLQJWKLVSDUDGLJP
0HWKRGV :HOO FKDUDFWHUL]HG QHXURSV\FKRORJLFDO SDUDGLJPV QEDFN
FRYHULQJDWWHQWLRQH[HFXWLYHIXQFWLRQVDVZHOODV:0XQGHUGLIIHUHQWORDG
FRQGLWLRQVZHUHDGRSWHG IRUXVH LQ WKHPDJQHW&RPELQLQJEDFNDQG
EDFNWDVNVLQSVHXGRUDQGRPL]HGRUGHUZLWKEDFNJURXQGLPDJHVFRQWDLQLQJD
SDUDPHWULFGH¿QHGGHJUHHRIQRLVHDQI05,SDUDGLJPLQEORFNGHVLJQFRXOG
EH HVWDEOLVKHG 3LFWXUHV ZHUH FRQWUROOHG IRU PLQLPDO DURXVDO DQG QHXWUDO
HPRWLRQDOYDOHQFH,$36
$QHXURSV\FKRORJLFDOSLORWVWXG\XVLQJWKLVSDUDGLJPZDVSHUIRUPHGZLWK
PDOH ULJKWKDQGHG LQSDWLHQWV DQGKHDOWK\FRQWUROVPDWFKHG IRU DJH
VH[DQGHGXFDWLRQDOOHYHOPDOHDQGIHPDOHKHDOWK\FRQWUROVSHUIRUPHG
WKHSDUDGLJP LQ WKH VFDQQHU$GGLWLRQDOO\ DW WKLV VWDJH¿YH VFKL]RSKUHQLF
SDWLHQWV DFXWH SV\FKRWLF HSLVRGH DPLVXOSULGH WUHDWPHQW KDYH EHHQ LQ
FOXGHGLQWKHI05,VWXG\3DWLHQWVZHUHFKDUDFWHUL]HGFOLQLFDOO\DOOFRQWUROV
FRPSOHWHGWKHI05,SDUDGLJPDVZHOODVDVHWRIQHXURSV\FKRORJLFDOWHVWV
FRYHULQJWKHGRPDLQVRILQWHUHVWWGD\VWGD\V'DWDDFTXLVLWLRQ
ZDVFDUULHGRXWXVLQJD705,VFDQQHU6LHPHQV7ULRJUDGLHQWHFKR(3,
7VHQVLWLYHVHTXHQFH630ZDVXVHGIRUGDWDDQDO\VLV
5HVXOWV'DWD IURP WKH SLORW VWXG\ VKRZHG VLJQL¿FDQW GLIIHUHQFHV LQ SHU
IRUPDQFH EHWZHHQ SDWLHQWV DQG FRQWUROV 5HDFWLRQ WLPHV DV ZHOO DV HUURU
UDWHVLQERWKJURXSVGHSHQGHGVLJQL¿FDQWO\RQWDVNGLI¿FXOW\2YHUDOORQWKH
EHKDYLRUDOOHYHODVXFFHVVIXOPRGXODWLRQRISHUIRUPDQFHE\:0ORDGDQG
GLVWUDFWRUYLVLELOLW\FRXOGEHVKRZQ
)XQFWLRQDO05, GDWD LQ FRQWUROV VKRZHG WKDW WKLV SDUDPHWULF SDUDGLJP LV
DEOHWRH[DPLQHWKHPRGXODWLRQRIYLVXDOLQIRUPDWLRQORDGDQGKRZWKH:0
V\VWHPUHVSRQGVWRLQFUHDVLQJORDG8VLQJD7PDJQHWDQGDQLQGHSHQG
HQW VDPSOH WKHVHGDWD UHSOLFDWHRXU¿QGLQJVRI DSUHYLRXVYHUVLRQRI WKLV
SDUDGLJPRQ7:LWKUHVSHFWWRJHQGHUDQGWLPHRIPHDVXUHPHQWQR
VLJQL¿FDQWGLIIHUHQFHVFRQFHUQLQJWKHVHYDULDEOHVFRXOGEHREVHUYHG
6LQJOHFDVHDQDO\VLVRISDWLHQWGDWDZDVDOVRDEOHWRVKRZVXFFHVVIXOPRGX
ODWLRQRI YLVLELOLW\ DQG:0 ORDG DQG WKXV WKH DSSOLFDELOLW\ RI RXU FKRVHQ
SDUDGLJP'XHWRWKHVPDOOQXPEHURISDWLHQWVWKHDQDO\VLVRIDPLVXOSULGH
HIIHFWV\LHOGHGQRVLJQL¿FDQWGLIIHUHQFHVXQWLOQRZ
&RQFOXVLRQV7KHVHUHVXOWVVKRZIRUWKH¿UVWWLPHWKHDSSOLFDELOLW\YDOLGLW\
DQGUHWHVWVWDELOLW\RIWKHFKRVHQSDUDGLJPDVVWDUWLQJSRLQWIRUORQJLWXGLQDO
LPDJLQJ VWXGLHV RI WKHUDSHXWLF HIIHFWV RQ DOWHUHG EUDLQ IXQFWLRQ )XUWKHU
PRUH EHKDYLRUDO GDWD LQGLFDWHV LWV DELOLW\ WR LGHQWLI\ QHXUDO FRUUHODWHV RI
FRJQLWLYH G\VIXQFWLRQ LQ VFKL]RSKUHQLD %HFDXVH RI WKH VPDOO QXPEHU RI
SDWLHQWVH[DPLQHGWKLVIDUGDWDFRQFHUQLQJDPLVXOSULGHWUHDWPHQWKDVWREH
WUHDWHGDVSUHOLPLQDU\
5HIHUHQFHV
&DOOLFRWW-+HWDO$EQRUPDOI05,UHVSRQVHRIWKHGRUVRODWHUDOSUH
IURQWDOFRUWH[LQFRJQLWLYHO\LQWDFWVLEOLQJVRISDWLHQWVZLWKVFKL]RSKUHQLD
$P-3V\FKLDWU\
 0DQRDFK '6  3UHIURQWDO FRUWH[ G\VIXQFWLRQ GXULQJ ZRUNLQJ
PHPRU\ SHUIRUPDQFH LQ VFKL]RSKUHQLD UHFRQFLOLQJ GLVFUHSDQW ¿QGLQJV
6FKL]RSKU5HV
 -DQVPD-0HWDO :RUNLQJPHPRU\FDSDFLW\ LQVFKL]RSKUHQLDD
SDUDPHWULFI05,VWXG\6FKL]RSKU5HV
5RVH0HWDO7KH)XQFWLRQDODQG7HPSRUDO&KDUDFWHULVWLFVRI7RS
GRZQ0RGXODWLRQLQ9LVXDO6HOHFWLRQ&HUHE&RUWH[(SXE
6XSSRUWHGE\6DQR¿$YHQWLV%HUOLQ*HUPDQ\
.%52/)-!').'¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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,PDJLQJRI6HURWRQLQ7UDQVSRUWHU2FFXSDQF\GXULQJ
(VFLWDORSUDPDQG&LWDORSUDP([SRVXUHLQ+HDOWK\&RQWUROV
1LNRODV.OHLQ
0HGLFDO8QLYHUVLW\9LHQQD$XVWULD
-XOLD6DFKHU7KRPDV*HLVV*UDQDGLD7UDZDW$WWDUEDVFKL
1LOXIDU0RVVDKHE5XSHUW/DQ]HQEHUJHU&KULVWRSK6SLQGHOHJJHU
$OH[DQGHU+ROLN&KULVWLDQ3|W]L6XVDQQH$VHQEDXP
5REHUW'XGF]DN-RKDQQHV7DXVFKHU6LHJIULHG.DVSHU
2EMHFWLYHV(VFLWDORSUDPLVDVHOHFWLYHVHURWRQLQUHXSWDNHLQKLELWRU665,
DSSURYHG IRU WKH WUHDWPHQW RI GHSUHVVLRQ DQG DQ[LHW\ GLVRUGHUV (VFLWDOR
SUDP LV WKH DFWLYH 6HQDQWLRPHU RI FLWDORSUDP DQG LV UHVSRQVLEOH IRU LWV
VHURWRQLQUHXSWDNHDFWLYLW\DQGWKXVIRUWKHSKDUPDFRORJLFDOHIIHFWV3UHYL
RXVVWXGLHVVKRZWKDWFOLQLFDOGRVHVRIRWKHU665,VUHVXOWLQDERXWRF
FXSDQF\RIWKHVHURWRQLQUHXSWDNHWUDQVSRUWHU6(57$QRYHOUDGLROLJDQG
>,@$'$0 DQG VLQJOH SKRWRQ HPLVVLRQ FRPSXWHU WRPRJUDSK\ 63(&7
ZDV XVHG WRPHDVXUH 6(57RFFXSDQF\ RI GLIIHUHQW GRVHV RI HVFLWDORSUDP
DQGFLWDORSUDP
0HWKRGV KHDOWK\YROXQWHHUV UHFHLYHGHVFLWDORSUDP >PJ Q PJ
Q  PJ Q @ RU FLWDORSUDP >PJ Q  PJ Q @0LGEUDLQ
6(57 ELQGLQJ SRWHQWLDO ZDV PHDVXUHG ZLWK >,@$'$0 DQG 63(&7 RQ
WZRVWXG\GD\VRQFHZLWKRXWPHGLFDWLRQDQGRQFHKRXUVDIWHUDGPLQLV
WUDWLRQRIDVLQJOHGRVHRI WKHVWXG\GUXJ7KHELQGLQJSRWHQWLDOZKLFK LV
SURSRUWLRQDOWRUHFHSWRUGHQVLW\ZDVPHDVXUHGDQG6(57RFFXSDQF\OHYHOV
ZHUHFDOFXODWHG$GGLWLRQDOO\YROXQWHHUVUHFHLYHGSODFHERWRPHDVXUHWKH
WHVWUHWHVWYDULDELOLW\
5HVXOWV7KHPHDQSURSRUWLRQRI6(57VLWHVLQWKHPLGEUDLQK\SRWKDODPXV
UHJLRQ RFFXSLHGZHUH 0HDQ6'   DQG ZLWK
VLQJOHGRVHVRIPJPJDQGPJHVFLWDORSUDP UHVSHFWLYHO\6(57
RFFXSDQFLHV IRU YROXQWHHUV WUHDWHGZLWK VLQJOH GRVH RI PJ DQG PJ
FLWDORSUDPZHUHDQG7KHUHZDVDVWDWLVWLFDOO\VLJQL¿FDQW
QRQOLQHDU UHODWLRQVKLS EHWZHHQ 6(57 RFFXSDQF\ DQG VHUXP HVFLWDORSUDP
OHYHOV5 S ,QWKHWHVWUHWHVWVWXG\WKHUHZDVDPHDQ6(57
RFFXSDQF\RIDIWHUDGPLQLVWUDWLRQRISODFHERWKHLQWHUFODVVFRUUHODWLRQ
FRHI¿FLHQWZDVDQGWKHUHSHDWDELOLW\FRHI¿FLHQWZDV
&RQFOXVLRQV 63(&7 DQG WKH KLJKO\ VHOHFWLYH 6(57 UDGLROLJDQG
>,@$'$0ZHUH XVHG WR FRPSDUHG 6(57 RFFXSDQFLHV DIWHU DGPLQLVWUD
WLRQRIVLQJOHGRVHVRIFOLQLFDOHVFLWDORSUDPDQGFLWDORSUDP7KHWHVWUHWHVW
VWXG\ VKRZHG JRRG UHSURGXFLELOLW\ FRQ¿UPLQJ WKH YDOXH RI 63(&7 DQG
>,@$'$0LQQHXURLPDJLQJVWXGLHV6(57RFFXSDQFLHVDIWHUDGPLQLVWUD
WLRQRIPJHVFLWDORSUDPRUPJFLWDORSUDPZHUH LQ WKH VDPH UDQJH
SURYLGLQJLQGLUHFWHYLGHQFHIRUDIUDFWLRQDOEORFNDGHRI6(57E\WKHWKHUD
SHXWLFDOO\LQDFWLYH5FLWDORSUDP
$FNQRZOHGJPHQW 7KH VWXG\ ZDV VXSSRUWHG E\ DQ XQUHVWULFWHG JUDQW RI
/XQGEHFN
32
&HUHEUDO&RUUHODWHVRI(PRWLRQDO3URFHVVHVLQ)LUVW(SLVRGH
6FKL]RSKUHQLD3DWLHQWV±5HVXOWVRIDQ2QJRLQJ/RQJLWXGLQDO
I05,6WXG\
0DUWLQD.OHLQ
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\RI
$DFKHQ*HUPDQ\
8+DEHO7.HOOHUPDQQ0YRQ:LOPVGRUII1-6KDK.=LOOHV
:*DHEHO)6FKQHLGHU
2EMHFWLYHV$IIHFWLYHV\PSWRPVOLNHÀDWWHQHGDIIHFWDQGGLI¿FXOWLHVLQUHF
RJQL]LQJHPRWLRQVDUHFRUHV\PSWRPVRIVFKL]RSKUHQLD)XQFWLRQDOLPDJLQJ
WHFKQLTXHVKDYHUHYHDOHGDEHUUDQWEUDLQDFWLYDWLRQSDWWHUQVLQDFXWHVXED
FXWHDQGFKURQLFVFKL]RSKUHQLDSDWLHQWVGXULQJPRRGLQGXFWLRQSDUDGLJPV
DVZHOODVGXULQJWDVNVUHTXLULQJGLVFULPLQDWLRQRIHPRWLRQDOIDFLDOH[SUHV
VLRQV7KHVHGH¿FLWVPDLQO\UHIHUUHGWRVXEFRUWLFDOOLPELFIURQWDODQGWHP
SRUDOEUDLQDUHDV8SWRQRZLWRQWKHRWKHUKDQGVWLOOUHPDLQVXQH[SODLQHG
ZKHWKHU WKHVH FHUHEUDO FRUUHODWHV UHSUHVHQW WUDLW RU VWDWH FKDUDFWHULVWLFV RI
VFKL]RSKUHQLD'XHWRWKHIDFWWKDW¿UVWHSLVRGHSDWLHQWVKDYHRQO\KDGOLWWOH
H[SRVXUHWRPRGLI\LQJYDULDEOHVVXFKDVPHGLFDWLRQDQGSV\FKRWKHUDS\WKHLU
H[DPLQDWLRQPD\HOXFLGDWHWKLVTXHVWLRQ
0HWKRGV¿UVWHSLVRGHVFKL]RSKUHQLDSDWLHQWVWRRNSDUWLQWKLVRQJRLQJ
PXOWLFHQWHUIXQFWLRQDOPDJQHWLFUHVRQDQFHLPDJLQJI05,VWXG\ZKLFKLV
SDUWRIWKH*HUPDQ5HVHDUFK1HWZRUNRQ6FKL]RSKUHQLD7KH¿UVWPHDVXUH
PHQWRIWKLVORQJLWXGLQDOVWXG\WDNHVSODFHDIWHUWKHLQLWLDOVWDWLRQDU\SHULRG
5HDVVHVVPHQWVRIVXEMHFWVDIWHUDQGDUHFDUULHGRXWWRH[DPLQHWKH
VWDELOLW\RIWKHDFFRPSDQ\LQJFHUHEUDOFRUUHODWHV
+HDOWK\ FRQWUROV PDWFKHG IRU DJH JHQGHU DQG SDUHQWDO HGXFDWLRQ ZHUH
GUDZQ RQ IRU FRPSDULVRQ 'XULQJ I05, VFDQQLQJ VXEMHFWV RQ WKH RQH
KDQG SHUIRUPHG D PRRG LQGXFWLRQ WDVN 7KH PRRG LQGXFWLRQ SURFHGXUH
IRU KDSSLQHVV DQG VDGQHVV FRQVLVWHG RI WKH SUHVHQWDWLRQ RI VWDQGDUGL]HG
PRQRFKURPDWLFIDFLDOH[SUHVVLRQVGLVSOD\LQJKDSSLQHVVRUVDGQHVVYDU\LQJ
LQLQWHQVLW\6XEMHFWVZHUHUHTXHVWHGWRWU\WRIHHODVKDSS\>VDG@DVSRVVLEOH
$QLQWHUPHGLDWHFRJQLWLYHWDVNJHQGHUGLVFULPLQDWLRQXVLQJWKHVDPHHPR
WLRQDOVWLPXOLVHUYHGDVDQRQHPRWLRQDOFRQWUROWDVN%H\RQGWKLVWDVNVXE
MHFWVXQGHUZHQWDQHPRWLRQGLVFULPLQDWLRQWDVNZHUHWKH\KDGWRMXGJHWKH
H[SUHVVHGHPRWLRQDOYDOHQFHFKRRVLQJRQHRIWZRGLVSOD\HGDOWHUQDWLYHV
5HVXOWV)ROORZLQJHPRWLRQDOVHOIUDWLQJWKHPRRGLQGXFWLRQZDVVXFFHVVIXO
LQSDWLHQWVQDQGFRQWUROVLQDFRPSDUDEOHZD\,QFRPSDULVRQZLWKFRQWUROV
¿UVWHSLVRGH VFKL]RSKUHQLD SDWLHQWV GHPRQVWUDWHG IXQFWLRQDO FHUHEUDO
GH¿FLWVPDLQO\LQVXEFRUWLFDOUHJLRQVGXULQJVDGQHVVDVZHOODVGXULQJKDS
SLQHVV)XUWKHUPRUHDEHUUDQWFHUHEUDODFWLYDWLRQFRXOGDOVREHREVHUYHGLQ
IURQWDODQGWHPSRUDOEUDLQDUHDV6LPLODUUHVXOWVZHUHIRXQGIRUWKHHPRWLRQ
GLVFULPLQDWLRQSDUDGLJPVKRZLQJVLJQL¿FDQWGLIIHUHQFHVLQEUDLQDFWLYDWLRQ
EHWZHHQKHDOWK\FRQWUROVDQGVFKL]RSKUHQLDSDWLHQWV
'LVFXVVLRQ7KLVI05,VWXG\UHYHDOHGFHUHEUDOG\VIXQFWLRQVLQ¿UVWHSLVRGH
VFKL]RSKUHQLD SDWLHQWV FRPSDUHG WRPDWFKHG KHDOWK\ FRQWUROV GXULQJ KDS
SLQHVV DQG VDGQHVV DV ZHOO DV GXULQJ GLVFULPLQDWLRQ RI HPRWLRQDO IDFLDO
H[SUHVVLRQV'XHWRWKHIDFWWKDW¿UVWHSLVRGHSDWLHQWVODFNORQJWHUPLQÀX
HQFHVRIGUXJVDQGWKHUDSLHVWKLVIDFWVXJJHVWVWREHDWUDLWFKDUDFWHULVWLFRI
VFKL]RSKUHQLD5HDVVHVVPHQWVRIVXEMHFWVRQWKHRWKHUKDQGSRLQWWRFHUHEUDO
QRUPDOL]DWLRQSURFHVVHVLQSDWLHQWVUHYHDOLQJDSRZHUIXOSRWHQWLDOIRUSKDU
PDFRDQGSV\FKRWKHUDS\IRUWKHFRXUVHRILOOQHVV
$FNQRZOHGJHPHQWV3DUWRIWKH*HUPDQ5HVHDUFK1HWZRUNRQ6FKL]RSKUH
QLD IXQGHG E\ WKH*HUPDQ )HGHUDO0LQLVWU\ IRU (GXFDWLRQ DQG5HVHDUFK
%0%)JUDQWV*,DQG*,
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:RUNLQJ0HPRU\'HILFLWVLQ3DWLHQWVZLWK6FKL]RSKUHQLD$
I05,,QYHVWLJDWLRQ
&KDQJ8N/HH
'HSDUWPHQWRI3V\FKLDWU\7KH&DWKROLF8QLYHUVLW\RI.RUHD&RO
OHJHRI0HGLFLQH.RUHD
&KXO/HH,Q+R3DLN
2EMHFWLYHV ,PSDLUHG SURFHVVLQJ RI ZRUNLQJ PHPRU\ LQIRUPDWLRQ LV RQH
RIWKHFRJQLWLYHGH¿FLWVVHHQLQSDWLHQWVZLWKVFKL]RSKUHQLD7KLVDLPHGDW
FRUURERUDWLQJWKHGLIIHUHQFHVLQWKHEUDLQDFWLYLWLHVLQYROYHGLQWKHSURFHVV
RIZRUNLQJPHPRU\ EHWZHHQ SDWLHQWVZLWK VFKL]RSKUHQLD DQG WKH FRQWURO
VXEMHFWV
0HWKRGV 7ZHOYH SDWLHQWV ZLWK VFKL]RSKUHQLD ZHUH UHFUXLWHG DORQJ ZLWK
WZHOYH GHPRJUDSKLFDOO\ PDWFKHG KHDOWK\ YROXQWHHUV DV D FRQWURO JURXS
)XQFWLRQDOPDJQHWLFUHVRQDQFHLPDJLQJI05,ZDVXVHGWRDVVHVVFRUWLFDO
DFWLYLWLHV GXULQJ WKH SHUIRUPDQFH RI D EDFNZRUNLQJPHPRU\ SDUDGLJP
XVLQJWKH.RUHDQDOSKDEHWDVPQHPRQLFFRQWHQW
5HVXOWV*URXSDQDO\VLVUHYHDOHGWKDWOHIWODWHUDOSUHIURQWDOFRUWH[DQGULJKW
SDULHWDOOREXOHVKRZHGGHFUHDVHGFRUWLFDODFWLYLWLHVLQWKHSDWLHQWJURXS2Q
WKHRWKHUKDQGDQLQFUHDVHGOHYHORIDFWLYDWLRQLQOHIWVXSHULRUDQGPLGGOH
IURQWDOJ\UXVOHIWPLGGOHWHPSRUDOJ\UXVULJKWFXQHXVERWKRFFLSLWDOOREHV
ULJKWIXVLIRUPJ\UXVDQGULJKWFLQJXODWHJ\UXV7KHDFWLYDWLRQLQOHIWDQWHULRU
OREHDQGERWKGHFOLYHRIFHUHEHOOXPZDVDOVRLQFUHDVHG
&RQFOXVLRQV$GHFUHDVHGOHYHORIDFWLYDWLRQLQSUHIURQWDODQGSDULHWDOQHX
UDOQHWZRUNVIURPWKHSDWLHQWJURXSFRQ¿UPVHDUOLHU¿QGLQJVRQWKHLPSDLUHG
ZRUNLQJPHPRU\RISDWLHQWVZLWKVFKL]RSKUHQLD
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,QVLJKWDQG*UD\0DWWHU5HJLRQDO9ROXPHVLQ6FKL]RSKUHQLD
0DULR/RX]D
%UD]LO
2EMHFWLYHV 7R LQYHVWLJDWH WKH UHODWLRQVKLS EHWZHHQ LQVLJKW DQG UHJLRQDO
JUD\ PDWWHU YROXPHV LQ VFKL]RSKUHQLD XVLQJ YR[HOEDVHG PRUSKRPHWU\
9%0
0HWKRGV)LIW\SDWLHQWVZLWKVFKL]RSKUHQLD'60,9ZHUHHYDOXDWHGZLWK
DVWUXFWXUHGLQWHUYLHZDVVHVVLQJDZDUHQHVVRILOOQHVV680'DQGDFOLQLFDO
UDWLQJVFDOH3$1660DJQHWLFUHVRQDQFHLPDJLQJGDWDZDVDFTXLUHGZLWK
D7VFDQQHUDQGLPDJHVZHUHVHJPHQWHGDQGVSDWLDOO\QRUPDOL]HGXVLQJ
RSWLPL]HG9%0URXWLQHV6306WDWLVWLFDOJUD\PDWWHUFRPSDULVRQVZHUH
SHUIRUPHGXVLQJWKHJHQHUDOOLQHDUPRGHO
5HVXOWV $Q LQYHUVH UHODWLRQVKLS EHWZHHQ LQVLJKW LPSDLUPHQW DQG JUD\
PDWWHU YROXPH LQ WKH OHIW OLQJXDO J\UXVZDV REVHUYHG =  S
XQFRUUHFWHGIRUPXOWLSOHFRPSDULVRQV
&RQFOXVLRQV2XUUHVXOWVGRQRWVXSSRUWSUHYLRXVK\SRWKHVHVVXJJHVWLQJD
UHODWLRQVKLSEHWZHHQ IURQWDO OREHDWURSK\DQG LPSDLUHG LQVLJKW LQSDWLHQWV
ZLWKVFKL]RSKUHQLD7KHSRVVLEOHUHOHYDQFHRIRFFLSLWDOOREHG\VIXQFWLRQWR
LQVLJKWLPSDLUPHQWGHVHUYHVIXUWKHUVWXGLHV
32
$JH5HODWHG)URQWDO0HWDEROLWH&RQFHQWUDWLRQVLQ+XPDQ
+056
1DVVDQ$JKD+DG\D
'HSDUWPHQWIRU*HQHUDO3V\FKLDWU\0HGLFDO8QLYHUVLW\9LHQQD
$XVWULD
5HLQIULHG/XW])UH\5LFKDUG*UXEHU6WHSKDQ0O\QDULN9ODGLPLU
6WDGOEDXHU$QGUHDV.DVSHU6LHJIULHG0RVHU(ZDOG
2EMHFWLYHV/RFDOL]HGSURWRQPDJQHWLFUHVRQDQFHVSHFWURVFRS\+056
ZDVXVHGWRPHDVXUHSUHIURQWDOFRQFHQWUDWLRQVRIP\R,QRVLWROP,FKROLQH
&KR WRWDOFUHDWLQHFUHDWLQHSKRVSKRFUHDWLQH W&UDQG1DFHW\ODVSDU
WDWH1$$LQDVDPSOHRIGHSUHVVHGVXEMHFWV,&')RU)GUXJ
QDwYHRUFXUUHQWO\XQWUHDWHGDQGDJHDQGVH[PDWFKHGKHDOWK\FRQWUROV
DJHGEHWZHHQDQG\HDUVPHDQDJH
0HWKRGV +056ZDVSHUIRUPHG LQ WZRVLQJOHYR[HOV [[FP LQ WKH
OHIW DQG ULJKW GRUVRODWHUDO SUHIURQWDO ZKLWHPDWWHU E\PHDQV RI D 7HVOD
%UXNHU0HGVSHF6\VWHP67($07( PV75 PV$EVROXWHFRQ
FHQWUDWLRQVZHUHFDOFXODWHGXVLQJ/&0RGHOWDNLQJWKHXQVXSSUHVVHGZDWHU
VLJQDORIWKHVDPHYR[HODVDQLQWHUQDOVWDQGDUG
5HVXOWV :LWK DJH P, LQ GHSUHVVLYHV VKRZHG D WUHQG WRZDUGV LQFUHDVH
S  5  OHIW IURQWDOO\ ZKLOH ULJKW IURQWDOO\ QR VLJQL¿FDQW FRU
UHODWLRQZLWKDJHFRXOGEHREVHUYHG,QFRQWUROVD WUHQGRIDQDJHUHODWHG
P, LQFUHDVHZDV REVHUYHG S 5  ULJKW IURQWDOO\ /HIW IURQWDOO\
QRFRUUHODWLRQZDVFDOFXODEOH ,QGHSUHVVLYHVQRDJHFRUUHODWHGFKDQJHRI
FKROLQHFRXOGEHREVHUYHG,QFRQWUROV OHIW IURQWDO&KRFRQFHQWUDWLRQZDV
IRXQGWREHVLJQL¿FDQWO\LQFUHDVHGZLWKDJHS 5 ,QGHSUHVVLYH
SDWLHQWV&UVKRZHGQRDJHFRUUHODWLRQZKLOH&ULQFUHDVHGVLJQL¿FDQWO\ZLWK
DJH LQ WKHULJKWIURQWDO OREHRIKHDOWK\VXEMHFWVS 5  ,QERWK
JURXSVQRFRUUHODWLRQEHWZHHQDJHDQG1$$FRXOGEHREVHUYHG
&RQFOXVLRQV 'HSUHVVLYH DQG KHDOWK\ VXEMHFWV UHYHDOHG D WUHQG WRZDUG D
SRVLWLYH FRUUHODWLRQ RI P,FRQFHQWUDWLRQ DQG DJH &KR DQG &U LQFUHDVHG
LQ FRQWUROV RQO\ 7KHUH DUH LQWHUKHPLVSKHULF GLIIHUHQFHV 1$$ UHPDLQHG
XQFKDQJHG
32
5HOLDELOLW\RI0HDVXUHPHQWIRU7LVVXH&ODVV9ROXPHLQWKH
+XPDQ%UDLQ
*DNX2NXJDZD
'HSDUWPHQWRI1HXURSV\FKLDWU\.DQVDL0HGLFDO8QLYHUVLW\
)XPL]RQRFKR0RULJXFKL2VDND-DSDQ
7DNDVH.7DPDJDNL&1REXKDUD..LQRVKLWD7
2EMHFWLYHV,QRUGHUWRHVWDEOLVKWKHV\VWHPIRUPHDVXUHPHQWRIEUDLQWLVVXH
YROXPHVZHPHDVXUHGWKHJUH\PDWWHUZKLWHPDWWHUDQGFHUHEURVSLQDOYRO
XPHLQWKHKXPDQEUDLQXVLQJPDJQHWLFUHVRQDQFHLPDJHDQDO\VLVVRIWZDUH
%5$,16
0HWKRGV7HQYROXQWHHUVZHUHUHFUXLWHGDW'HSDUWPHQWRI1HXURSV\FKLDWU\
.DQVDL 0HGLFDO 8QLYHUVLW\ -DSDQ 7ZHLJKWHG LPDJHV XVLQJ D VSRLOHG
*5$66 VHTXHQFHZHUH DFTXLUHGZLWK WKH IROORZLQJ SDUDPHWHUV PP
FRURQDOVOLFHVQRJDSÛÀLSDQJOH75PV7(PV1(;)29
 FP DFTXLVLWLRQPDWUL[  [ 7ZHLJKWHG LPDJHVZHUH DFTXLUHG
ZLWKWKHIROORZLQJSDUDPHWHUVPPFRURQDOVOLFHVQRJDS7(PV75
PV1(;FP)29DFTXLVLWLRQPDWUL[[7KHVXEMHFWV
ZHUHVFDQQHGLQWKH05VHTXHQFH7ZRWUDLQHGRSHUDWRUVVHJPHQWHGDQGRE
WDLQHGWHQYROXPHPHDVXUHVRIJUH\PDWWHUZKLWHPDWWHUDQGFHUHEURVSLQDO
ÀXLG&6)LQWKHLQWUDFUDQLDOER[IURQWDOER[WHPSRUDOER[SDULHWDOER[
DQGRFFLSLWDOER[DFFRUGLQJWR7DODLODFKDWODV7KHLQWHURSHUDWRUUHOLDELOLW\
IRU PHDVXUHPHQW RI WLVVXH FODVV YROXPH ZDV DVVHVVHG E\ FDOFXODWLQJ WKH
LQWUDFODVVFRUUHODWLRQFRHI¿FLHQW,&&
5HVXOWV7KHUDQJHRI,&&IRUPHDVXUHVRIWKHJUH\WLVVXHZKLWHWLVVXHDQG
&6)ZDVLQWKHUHJLRQVRILQWHUHVW
&RQFOXVLRQV7KHLQWHURSHUDWRUUHOLDELOLW\WRPHDVXUHYROXPHVRILQWUDFUD
QLDOYROXPHIURQWDOER[WHPSRUDOER[SDULHWDOER[DQGRFFLSLWDOER[ZDV
H[FHOOHQWIRUWKHVHJPHQWDWLRQLQWKHKXPDQEUDLQ:HHVWDEOLVKHGWKHV\VWHP
IRUPHDVXUHPHQWRIWLVVXHFODVVYROXPHVLQWKHKXPDQEUDLQLQRXUIDFLOLWLHV
7KH%5$,16 VRIWZDUH LV D XVHIXO WRRO WRPHDVXUHYROXPHV LQ WKHKXPDQ
EUDLQDQGWRGHWHFWEUDLQVWUXFWXUDODEQRUPDOLW\LQSV\FKLDWULFGLVHDVH
32
3V\FKRJHQLF0\RFORQXV3UHPDWXUH'LDJQRVLV
+HOPXW:2WW
8QLYHUVLW\+RVSLWDO,QQVEUXFN$XVWULD
2EMHFWLYHV$  \HDU ROGZRPDQZDV DGPLWWHG WR WKH SV\FKLDWULFZDUG
$ SK\VLFDO H[DPLQDWLRQ UHYHDOHG D SDUDP\RFORQXV PXOWLSOH[ ZKLFK KDG
VWDUWHGDIHZZHHNVDIWHUDDWWHPSWDWVXLFLGHDQGZDVQRZPRUHLQWHQVH7KH
P\RFORQLF V\PSWRPV VSUHDG WKURXJKRXW WKH HQWLUH WUXQN DQG H[WUHPLWLHV
ZKHUHE\WKHIDFLDOPXVFOHZHUHDOVRDIIHFWHG+HQFHZKHQVSHDNLQJDGLV
WLQFWG\VDUWKULDZDVDXGLEOH$GGHGWRWKLVDVLJQL¿FDQWWUXQFDODWD[LDZDV
QRWLFHDEOH7KHSDWLHQWDOVRJDYHXVDJHQHUDODFFRXQWRQERXWVRIUHFXUUHQW
DWWDFNVRIGL]]LQHVV,WZDVUHPDUNDEOHWKDWWKHSK\VLFDOV\PSWRPVLQWHQVL
¿HGVLJQL¿FDQWO\LQFRQQHFWLRQZLWKDQHJDWLYHVWDWHRIPLQG
0HWKRGV$ WKRURXJK QHXURORJLFDO FKHFNXS JDYH QR IXUWKHU LQGLFDWLRQV
RI ZKDW WKH FDXVH RI WKLV SKHQRPHQRQ FRXOG EH$Q H[WHQVLYHPHWDEROLF
GLVRUGHUVFUHHQLQJFRXOGQRWUHYHDODQ\FOLQLFDOFDXVHHLWKHU$IWHUDQRUPDO
PDJQHWUHVRQDQFHLPDJLQJ05,UXOHGRXWPXOWLSOHVFOHURVLVDQGDEUDLQWX
PRXU)LJDQRIXUWKHUGLDJQRVWLFPHDVXUHVZHUHFDUULHGRXW7KHSDWLHQW¶V
V\PSWRPVZHUHGLVPLVVHGDVEHLQJRIDSV\FKRJHQLFQDWXUH
5HVXOWV6HHLQJWKHSDWLHQWVXIIHUHGXQGHUPRWRUGLVWXUEDQFHZHGHFLGHGWR
SHUIRUPDEUDLQVFLQWLOODWLRQVFDQQLQJZLWKDSRVLWURQHPLVVLRQWRPRJUDSK\
3(7DQG0%T))OXRUGHR[\JOXFRVH%\ZD\RI DQH[DPLQDWLRQ
XVLQJQXFOHDUPHGLFLQHWKHUHZDVKDUGO\DQ\DFWLYLW\RIWKHFRUSXVVWULDWXP
)LJE:HZHUH¿QDOO\DEOHWRSLQSRLQWWKHSDWLHQW¶VP\RFORQLFV\PSWRPV
WRDPRUSKRORJLFFRUUHODWLRQLQDUHDVRIWKHFRUSXVVWULDWXP2IWHQZH¿QG
WKDWWKHUHLVDUHLQIRUFHPHQWRILQYROXQWDU\PRYHPHQWSDWWHUQVLQFRQQHFWLRQ
ZLWKH[FLWHPHQWDQG LPSDLUPHQWRI WKHEDVDOJDQJOLDDQGH[WUDS\UDPLGDO
WUDFWZKLFK LQ RXU FDVH VSHDNV LQ IDYRXU RI D FDXVDO FRQQHFWLRQ EHWZHHQ
WKH DEQRUPDOLWLHV LQ WKH EDVDO JDQJOLD RI WKH SDWLHQW DQG WKH P\RFORQLF
V\PSWRPV,WWXUQHGRXWWKDWDIWHUKHUVXLFLGHDWWHPSWWKHSDWLHQWZDVIRXQG
LQ D FRPDWRVH FRQGLWLRQ DQG ZLWK VSDVWLF ÀH[LRQ RI DOO H[WUHPLWLHV 7KH
WR[LFDJHQWXVHGLQKHUDWWHPSWDWVXLFLGHZDVGLSKHQK\GUDPLQHDFRPPRQ
VOHHSLQJSLOODQGZKLFKLVNQRZQWRFDXVHEUDLQGDPDJHLQFDVHVWXGLHV2XU
VWXG\ VKRZVFOHDUW\ WKH DIIHFWHGEUDLQ VWUXFWXUHVZKLFK OHDG WR WKHVH VLGH
HIIHFWV$QGLQKHUDWWHPSWDWVXLFLGHWKHSDWLHQWWRRNWDEOHWVPJ
7KHUHDUHWZRGRFXPHQWHGFDVHVLQZKLFKWKLVGUXJKDVFDXVHGVRPHNLQGRI
EUDLQGDPDJH:HVXVSHFWWKDWWKLVWR[LQPD\DOVRKDYHFDXVHGRXUSDWLHQW¶V
P\RFORQLFV\PSWRPV
&RQFOXVLRQV7KLVLQWHUHVWLQJFDVHUHSRUWLVPHDQWWRGHPRQVWUDWHKRZIDVW
SV\FKRJHQLFUHDVRQVDUHSXWGRZQDVDFDXVHRILOOQHVVLQWKHPHGLFDOZRUOG
ZKHQ QRW VRPRGHUQPHWKRGV RI H[DPLQDWLRQ DUH FDUULHG RXW DQG DSSOLHG
IRU¿QGLQJDGLDJQRVLV,WLVDOVRDZDUQLQJWRRWKHUVWKDWLIWKHFDXVHRIDQ
LOOQHVVRIDSV\FKLDWULFSDWLHQWFDQQRWEHH[DFWO\GHWHUPLQHGRQHVKRXOGQRW
DXWRPDWLFDOO\GLVPLVVLWDVEHLQJRIDSV\FKRJHQLFQDWXUH
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
)LJXUHD1RUPDOPDJQHWUHVRQDQFHLPDJLQJ05,RIWKHSDWLHQW
E1RDFWLYLW\DW WKHFRUSXVVWULDWXPZKHQXVLQJEUDLQVFLQWLOODWLRQVFDQQLQJZLWKD
SRVLWURQ HPLVVLRQ WRPRJUDSK\ 3(7 ZLWK  0%T) ÀXRUGHR[\JOXFRVH VXSHU
LPSRVHGRQ05,F1RUPDODFWLYLW\DWWKHFRUSXVVWULDWXPXVLQJ05,DQG3(7RQD
SDWLHQWWKHVDPHDJH
5HIHUHQFHV
2WW+:%LHEO:'RQQHPLOOHU(0RQFD\R5,PDJLQJRIWKHFRUSXV
VWULDWXPZLWKRXWDQ\DFWLYLW\DW0%T)ÀXRURGHR[\JOXFRVH3(7DIWHU
LQWR[LFDWLRQ(XU-1XFO0HG0RO,PDJLQJ
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'HFUHDVHG5LJKW3UHIURQWDO:KLWH0DWWHU1$FHW\ODVSDUWDWHLQ
0DOH3DWLHQWVZLWK)DPLOLDO0DMRU'HSUHVVLRQ
5D\PRQG)'HLFNHQ
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\RI&DOLIRUQLD6DQ)UDQ
FLVFR&DOLIRUQLD86$
'DULD$3DVFD$QJHOD-DNDU\
2EMHFWLYHV 3UHYLRXVPDJQHWLF UHVRQDQFH LPDJLQJ 05, VWXGLHV LQGLFDWH
WKDWFRPSDUHGZLWKKHDOWK\YROXQWHHUVSDWLHQWVZLWKPDMRUGHSUHVVLRQKDYH
VWUXFWXUDO DQG IXQFWLRQDO DEQRUPDOLWLHV LQ WKHSUHIURQWDO FRUWH[$QXPEHU
RISRVWPRUWHPDQDWRPLFDO LQYHVWLJDWLRQV VXJJHVWHG WKH FUXFLDO UROHRI WKH
SUHIURQWDO FRUWH[ LQ PDMRU GHSUHVVLYH GLVRUGHU E\ UHYHDOLQJ WKH GHFUHDVH
LQWKHGHQVLW\RUQXPEHURIJOLDDQGWKHGHQVLW\DQGVL]HRIVRPHQHXURQV
LQWKHRUELWRIURQWDOFRUWH[DVZHOODVELRFKHPLFDODEQRUPDOLWLHV LQIURQWDO
ZKLWHPDWWHU7KHDLPRIWKLVVWXG\ZDVWRLQYHVWLJDWHGLIIHUHQFHVLQWKH1
DFHW\ODVSDUWDWH1$$FRQFHQWUDWLRQFKROLQHFRQWDLQLQJFRPSRXQGV&KR
DQGFUHDWLQHSKRVSKRFUHDWLQH&UFRQFHQWUDWLRQVLQWKHSUHIURQWDOZKLWH
PDWWHU 3):0 EHWZHHQ SDWLHQWV GLDJQRVHG ZLWK PDMRU GHSUHVVLRQ DQG
KHDOWK\VXEMHFWV
0HWKRGV:HXVHGLQYLYRSURWRQPDJQHWLFUHVRQDQFHVSHFWURVFRSLFLPDJLQJ
WRPHDVXUHDEVROXWHFRQFHQWUDWLRQVRI1$$FKROLQHFRQWDLQLQJFRPSRXQGV
&KRDQGFUHDWLQHSKRVSKRFUHDWLQH&ULQWKH3):0RIHXWK\PLF
PHGLFDWHGPDOHSDWLHQWVZLWKIDPLOLDOPDMRUGHSUHVVLRQDQGDJHDQGVH[
PDWFKHGKHDOWK\FRQWUROV0DJQHWLFUHVRQDQFHLPDJLQJWLVVXHVHJPHQWDWLRQ
DQGYROXPHPDVNWHFKQLTXHVZHUHXVHGWRGLVWLQJXLVKWKHDPRXQWRIZKLWH
PDWWHUJUD\PDWWHUDQG&6)ZLWKLQWKHPOYR[HOV
5HVXOWV&RPSDUHGWRWKHKHDOWK\VXEMHFWVSDWLHQWVZLWKPDMRUGHSUHVVLRQ
GHPRQVWUDWHGGHFUHDVHGULJKW3):01$$FRQFHQWUDWLRQVHIIHFWVL]H 
LQFUHDVHG&KRFRQFHQWUDWLRQVHIIHFWVL]H QRFKDQJHLQ
&UFRQFHQWUDWLRQVQRJURXSGLIIHUHQFHVLQYR[HOWLVVXHFRPSRVLWLRQDQG
VLJQL¿FDQWDJHDGMXVWHGQHJDWLYHFRUUHODWLRQEHWZHHQULJKW3)0:1$$
FRQFHQWUDWLRQVDQG\HDUVRILOOQHVVU S 
&RQFOXVLRQV 2XU VWXG\ SURYLGHV VXSSRUW IRU WKH H[LVWHQFH RI QHXURQDO
ORVVQHXURQDOPHWDEROLFG\VIXQFWLRQRULQWHUQHXURQDOQHXURSLOUHGXFWLRQLQ
WKH3):0LQPDOHSDWLHQWVZLWKIDPLOLDOPDMRUGHSUHVVLRQ7KH¿QGLQJRI
LQFUHDVHG3):0&KROHYHOVLQWKHVHSDWLHQWVSURYLGHVVXSSRUWIRURQJRLQJ
P\HOLQEUHDNGRZQRUJOLDOFHOOSUROLIHUDWLRQLQWKLVEUDLQUHJLRQLQIDPLOLDO
PDMRUGHSUHVVLRQ7KHVLJQL¿FDQWDVVRFLDWLRQEHWZHHQLOOQHVVGXUDWLRQDQG
1$$FRQFHQWUDWLRQLQWKHULJKW3):0VXSSRUWVWKHLGHDWKDWQHXURQDOSD
WKRORJ\PD\LQFUHDVHZLWKGLVHDVHSURJUHVVLRQDQGWKDWWKLVHIIHFWPD\EH
ODWHUDOL]HGLQYROYLQJWKHULJKWEXWQRWWKHOHIW3):0
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6RFLDO,QWHOOLJHQFHDQG6FKL]RSKUHQLD$I05,6WXG\
0RQLND6RPPHU
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\RI5HJHQVEXUJ*HUPDQ\
.DWULQ'|KQHO.DWKDULQD(WWHQKXEHU6WHIDQ6FKHOV
-RVHI5RWKEDXHU-UJHQ0OOHU*|UDQ+DMDN
2EMHFWLYHV$FDUGLQDOIHDWXUHRIVFKL]RSKUHQLDLVWKHSDWLHQW¶VGLI¿FXOW\LQ
LQWHUDFWLQJDSSURSULDWHO\ZLWKLQWKHVRFLDOPLOLHX3DWLHQWVZLWKVFKL]RSKUH
QLDDSSHDU WRPLVLQWHUSUHWVRFLDOFXHVDQGVKRZGLI¿FXOWLHV LQUHFRJQL]LQJ
GLIIHUHQW DVSHFWV RI WKH VRFLDO HQYLURQPHQW 6XFFHVVIXO VRFLDO LQWHUDFWLRQ
GHQRWHV WKH GHFRGLQJ RI DIIHFWLYH LQIRUPDWLRQ IURP WKH IDFLDO H[SUHVVLRQ
RIRXUFRXQWHUSDUWDQGWKHHYDOXDWLRQRIWKHDIIHFWLYHFRQWHQWRIWKHSUHVHQW
VLWXDWLRQ7KHDLPRIWKHSUHVHQWI05,VWXG\ZDVWRLQYHVWLJDWHWKHPHFKD
QLVPVDQGQHXUDOFRUUHODWHVRIWKHLQWHJUDWLRQSURFHVVRIDIIHFWLYHDQGVRFLDO
VWLPXOLLQVFKL]RSKUHQLFSDWLHQWV
0HWKRGV 6L[WHHQ KHDOWK\ FRQWUROV DQG  VFKL]RSKUHQLF SDWLHQWV SDU
WLFLSDWHG$IIHFWLYHIDFHVDQGDIIHFWLYHVLWXDWLRQVZHUHSUHVHQWHGVLPXOWDQH
RXVO\DQGWKHVXEMHFWVZHUHDVNHGWR LQGLFDWHE\EXWWRQSUHVVZKHWKHU WKH
H[SUHVVLRQRIWKHIDFHPDWFKHVRUPLVPDWFKHVWKHHPRWLRQDOFRQWHQWRIWKH
VLWXDWLRQ
5HVXOWV &RQVLGHULQJ WDVN SHUIRUPDQFH VFKL]RSKUHQLF SDWLHQWV FRPSDUHG
WR KHDOWK\ FRQWUROV VKRZ KLJKHU HUURU UDWHV IRU WKH PDWFK DQG PLVPDWFK
FRQGLWLRQ 1HYHUWKHOHVV WKH UHGXFHG SHUIRUPDQFH ZDV DERYH WKH FKDQFH
OHYHO)XQFWLRQDO05,GDWD UHYHDO WKDW IRUKHDOWK\FRQWUROV WKHPDWFKDQG
WKHPLVPDWFKFRQGLWLRQLQGXFHPRUHDFWLYDWLRQLQPHGLDOSUHIURQWDOFRUWH[
DQGDQWHULRUFLQJXODWHFRUWH[,QFRQWUDVWWRKHDOWK\FRQWUROVVFKL]RSKUHQLF
SDWLHQWVVKRZQRDFWLYDWLRQRISUHIURQWDODUHDV
&RQFOXVLRQV7KHVH UHVXOWV VXJJHVW DQ LPSDLUPHQW LQ WKH DELOLW\ RIPLQG
UHDGLQJ RUPHQWDOL]LQJ LQ VFKL]RSKUHQLF SDWLHQWV 3DWLHQWV DUH QRW DEOH WR
LQWHJUDWHDIIHFWLYHDQGVRFLDOLQIRUPDWLRQ7KHLPSDLUPHQWRIWKHVHLQWHJUD
WLRQLQVFKL]RSKUHQLFSDWLHQWVPD\UHSUHVHQWWKHPLVVLQJDFWLYDWLRQRIIURQWDO
EUDLQDUHDV
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3UHGLFWLQJ+7$%LQGLQJ3RWHQWLDO8VLQJ6KRUW$FTXLVLWLRQ
7LPHLQ3(7

&KULVWRSK-RVHI6SLQGHOHJJHU
'HSDUWPHQWRI*HQHUDO3V\FKLDWU\0HGLFDO8QLYHUVLW\9LHQQD
$XVWULD
5XSHUW/DQ]HQEHUJHU0DUNXV0LWWHUKDXVHU-XOLD6DFKHU
:ROIJDQJ:DGVDN1LOXIDU0RVVDKHE/HRQKDUG.H\0LHQ
7KRPDV*HLVV*UDQDGLD7UDZDW$WWDUEDVFKL1LNRODV.OHLQ
$OH[DQGHU+ROLN*HRUJ:LHVHJJHU-RKDQQHV7DXVFKHU
6LHJIULHG.DVSHU.XUW.OHWWHU
2EMHFWLYHV7UDFHUNLQHWLFVWXGLHVKDYHQRWVKRZQDUHOHYDQWDGYDQWDJHRI
YHUVXVPLQXWHVDFTXLVLWLRQWLPHIRUFDOFXODWLRQRIWKH+7$UHFHSWRU
ELQGLQJ SRWHQWLDO %3 LQ VHYHUDO EUDLQ DUHDV XVLQJ 3(7 DQG >&@:$<
 >@ +RZHYHU DQ DFTXLVLWLRQ WLPH RI PLQXWHV OHDGV WR DQ XQ
GHUHVWLPDWLRQRI+7$%3 LQDUHDVZLWKKLJKFRPSDUHG WR ORZ UHFHSWRU
DYDLODELOLW\>@7KHUHIRUHZHLQYHVWLJDWHGZKHWKHUVKRUWHUVFDQQLQJSHULRGV
VXSSRUWHGE\VWDWLVWLFPRGHOLQJFDQSURYLGHDUHOLDEOHSUHGLFWLRQRI WKH
+7$ELQGLQJSRWHQWLDOLQUHFHSWRUULFKUHJLRQVVXFKDVWKHPHVLRWHPSRUDO
DQGDQWHULRUFLQJXODWHFRUWH[
0HWKRGVKHDOWK\PDOHVXEMHFWVDJHG\HDUVZHUHH[DPLQHGE\
D*($GYDQFH3(7VFDQQHUDQG>&@:$<'\QDPLFVFDQVLQ'
PRGHVWDUWHGVLPXOWDQHRXVO\ZLWKEROXVLQMHFWLRQXVLQJDQDYHUDJHGRVHRI
0%T$VHULHVRIWLPHIUDPHV[PLQ[PLQUHVXOWHG
LQDWRWDODFTXLVLWLRQWLPHRIPLQXWHV7KHVSDWLDOUHVROXWLRQRIWKH¿QDO
UHFRQVWUXFWHGLPDJHZDV):+0 PPIXOOZLGWKKDOIPD[LPXPDWWKH
FHQWHU RI WKH¿HOG PDWUL[ [  VOLFHV7Z05 LPDJHV PDWUL[
[[KDYHEHHQFRUHJLVWHUHGWR3(7$''LPDJHVDSSO\LQJ630
6L[UHJLRQVRILQWHUHVW 52,FHUHEHOOXPDQWHULRUFLQJXODWHFRUWH[ LQVXOD
PHVLRWHPSRUDOFRUWH[PRWRUFRUWH[ UDSKHQXFOHLZHUHGHOLQHDWHGRQFR
UHJLVWHUHGDQDWRPLFDOLPDJHVXVLQJ302'>@DQGDQDWRPLFDOFULWHULD
HVWDEOLVKHGE\%UHPQHUHWDO >@4XDQWL¿FDWLRQRI+7$UHFHSWRUVZDV
SHUIRUPHGZLWK302'DQGWKH6LPSOL¿HG5HIHUHQFH7LVVXH0RGHO6570
EDVHG RQ D WZRWLVVXH FRPSDUWPHQWPRGHO UHIHUHQFH UHJLRQ FHUHEHOOXP
>@7KHREWDLQHG%3VIRUGLIIHUHQWDFTXLVLWLRQWLPHVUDQJHGIURPPLQ
.%52/)-!').'¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
WLPHIUDPHVWRPLQWLPHIUDPHVLQPLQVWHSV7KHFDOFXODWLRQ
RIWKH%3YDOXHGHSHQGLQJRQDFTXLVLWLRQWLPHDQGSDUDPHWHUVDEFRIWKH
EHVW¿WWLQJFXUYH¿JXUHLVGHVFULEHGE\WKHIROORZLQJHTXDWLRQ
%3W %3WDWWEWðWðFWñWñ
WPLQWPLQ
,QRUGHUWRYHULI\WKLVVWDWLVWLFDODSSURDFKUDQGRPL]HGVXEVDPSOHVFRQVLVW
LQJ RI  RXW RI  VXEMHFWV ZHUH GUDZQ  WLPHV WR JHQHUDWH HTXDWLRQ
SDUDPHWHUVDEF7KXVWKH%3VDWPLQZHUHSUHGLFWHGIRUHDFKRIWKH
 UHPDLQLQJ VXEMHFWV%\ DYHUDJLQJRXW WKH SDUDPHWHUV REWDLQHG IURP WKH
VXEVDPSOHVPHDQSDUDPHWHUV7DEOHZHUHFDOFXODWHG
5HVXOWV7KHORZUHVLGXDOVEHWZHHQWKHSUHGLFWHGDQGWKHPHDVXUHG%3VDW
PLQLQWKHVXEVDPSOHVPHDQHUURUIURPWRLQ
GLIIHUHQWUHJLRQVRIIHUDUHOLDEOHSUHGLFWLRQRI%3VDWPLQZKHQUHGXFLQJ
DFTXLVLWLRQWLPH7KHPHDQSDUDPHWHUVJLYHQLQWKHWDEOHDSSOLHGWRSUHGLFW
WKH%3DWPLQRIDOOVXEMHFWVOHGWRDPHDQHUURUUDQJLQJIURP
WRZKHQH[FOXGLQJWKHUDSKHQXFOHLUHOLDELOLW\RIWKH%3LQWKLV
DUHDLVUHGXFHGGXHWRWKHSDUWLDOYROXPHHIIHFWDQGWKH52,VL]H
&RQFOXVLRQV6HYHUDODGYDQWDJHVPLJKWUHVXOWIURPVKRUWHQLQJWKHDFTXLVL
WLRQ WLPH LQFOXGLQJ UHGXFHGVWUHVV IRUSDWLHQWVZLWKSV\FKLDWULFGLVRUGHUV
WKHSRVVLELOLW\RIVHYHUDOVFDQVHVVLRQVZLWKDVLQJOHWUDFHUV\QWKHVLVRUWKH
XVDELOLW\ RI VFDQ GDWD LQ FDVH RI D SUHPDWXUH VFDQ VWRS GXH WR EHKDYLRUDO
GLI¿FXOWLHVRUWHFKQLFDOSUREOHPV5HIHUULQJWRRXUUHVXOWVDYDOLGSUHGLFWLRQ
RI%3YDOXHVFDQEHJHQHUDWHGZKLFKFRQVHTXHQWO\RIIHUVWKHSRVVLELOLW\WR
UHGXFHWKHDFTXLVLWLRQWLPHLQ3(7VFDQV
5HIHUHQFHV
7DXVFKHU-HWDO1HXURSV\FKRSKDUPDFRORJ\
*XQQ51HWDO1HXURLPDJH±
0LNRODMF]\N.HWDO0HGLFDO,QIRUPDWLFV
%UHPQHU-'HWDO&OLQLFDO3RVLWURQ,PDJLQJ±
/DPPHUWVPD$$HWDO1HXURLPDJH±
*XQQ51HWDO1HXURLPDJH±
)LJXUH0HDQUHJLRQDO+7$UHFHSWRU%3%3VRIGLIIHUHQWDUHDVZHUHFDOFXODWHGIRU
DFTXLVLWLRQWLPHVUDQJLQJIURPPLQWLPHIUDPHVWRPLQWLPHIUDPHVLQ
PLQVWHSV&XUYHVZHUH¿WWHGEODFNFXUYHVWRGH¿QHSDUDPHWHUV
7DEOH0HDQUHJLRQDOSDUDPHWHUVIRUSUHGLFWLRQRI%3YDOXHVDQGPHDQHUURUEHWZHHQ
WKHSUHGLFWHG%3YDOXHVDQGWKHPHDVXUHG%3YDOXHVDWPLQ
0HDQSDUDPHWHUV 3UHGLFWHG%3FRPSDUHGWRPHDVXUHG%3DWPLQ
52, D E F 0HDQHUURUD 6'
$QWHULRUFLQJXODWHFRUWH[     
,QVXOD     
0HVLRWHPSRUDOFRUWH[     
5DSKHQXFOHL     
0RWRUFRUWH[     
D0HDQHUURU DEVROXWHYDOXH%3PHDVXUHG%3SUHGLFWHG%3PHDVXUHG[
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7RSRORJLFDO3DWWHUQRI3(70HDVXUHG+7$5HFHSWRU
'RZQDQG8S5HJXODWLRQGXULQJ7UHDWPHQWZLWK
(VFLWDORSUDP
7KRPDV*HLVV*UDQDGLD
'HSDUWPHQWRI*HQHUDO3V\FKLDWU\0HGLFDO8QLYHUVLW\9LHQQD
$XVWULD
&KULVWRSK-RVHI6SLQGHOHJJHU5XSHUW/DQ]HQEHUJHU
1LOXIDU0RVVDKHE:ROIJDQJ:DGVDN0DUNXV0LWWHUKDXVHU
/HRQKDUG.H\0LHQ1LNRODV.OHLQ$OH[DQGHU+ROLN
7UDZDW$WWDUEDVFKL-XOLD6DFKHU*HRUJ:LHVHJJHU
.XUW.OHWWHU-RKDQQHV7DXVFKHU6LHJIULHG.DVSHU
2EMHFWLYHV7KHUHLVVWURQJHYLGHQFHWKDWVHURWRQLQ+7SOD\VDNH\UROH
LQPRGXODWLQJDQ[LHW\E\ELQGLQJWR+7$UHFHSWRUVZKLFKLVVXSSRUWHG
E\DQLPDOH[SHULPHQWVHJ³NQRFNRXW´PLFH ODFNLQJ WKHJHQH WKDW UHJX
ODWHVWKHH[SUHVVLRQRI+7$UHFHSWRUVVKRZHOHYDWHGDQ[LHW\VFRUHVDQG
KXPDQVWXGLHV WHVWLQJ WKH UROHRI+7$ UHFHSWRUV LQDQ[LHW\ $IWHU
VXFFHVVIXO WUHDWPHQW RI DQ[LHW\ GLVRUGHUV ZLWK 665, FKDQJHV RI ELQGLQJ
SRWHQWLDO%3LQVHURWRQHUJLFWDUJHWUHJLRQVDUHH[SHFWHG
0HWKRGV :H LQYHVWLJDWHG WKH +7$ ELQGLQJ SRWHQWLDO E\ PHDQV RI D
*( $GYDQFH 3(7 VFDQQHU DQG WKH VHOHFWLYH +7$ DQWDJRQLVW OLJDQG
>FDUERQ\O&@:$< LQ D \U PDOH SDWLHQW VXIIHULQJ IURP SDQLF
GLVRUGHU '60,9DWEDVHOLQHDQGDIWHUZHHNV WUHDWPHQWZLWK
(VFLWDORSUDP PJ GDLO\ GRVH '\QDPLF VFDQV LQ ' PRGH VWDUWHG
VLPXOWDQHRXVO\ZLWKEROXVLQMHFWLRQXVLQJDGRVHRI0%TIRUEDVHOLQH
VFDQDQG0%TIRUQGVFDQ,QHDFKVHVVLRQDVHULHVRIWLPHIUDPHV
[PLQ[PLQUHVXOWHGLQDWRWDODFTXLVLWLRQWLPHRIPLQXWHV7KH
VSDWLDOUHVROXWLRQRIWKH¿QDOUHFRQVWUXFWHGLPDJH¿OWHUHGEDFNSURMHFWLRQ
DOJRULWKP)25(,7(526(0ZDV):+0 PPDWWKHFHQWHURIWKH
)29PDWUL[[VOLFHV7Z05LPDJHVPDWUL[[[
KDYH EHHQ FRUHJLVWHUHG WR HDFK 3(7$'' LPDJHV DSSO\LQJ 630 7ZR
UHJLRQVRILQWHUHVW FHUHEHOOXP DQWHULRU FLQJXODWH ZHUH GHOLQHDWHG RQ
FRUHJLVWHUHGDQDWRPLFDO LPDJHXVLQJ302'DQGDQDWRPLFDOFULWHULD
HVWDEOLVKHGE\%UHPQHUHWDO7KHTXDQWL¿FDWLRQRI+7$UHFHSWRU%3
DQG SDUDPHWULFPDSSLQJZHUH SHUIRUPHGZLWK 302' XVLQJ*XQQV1RQ
,QYDVLYH0RGHO 5HIHUHQFHV ULFK UHFHSWRU UHJLRQ DQWHULRU FLQJXODWH OHVV
UHFHSWRUUHJLRQFHUHEHOOXP,QRUGHUWRDYRLGWKHLQÀXHQFHRIDUWLIDFWV
WKUHHPHWKRGVRIFRUHJLVWUDWLRQZHUHDSSOLHGWRWKHSDUDPHWULFPDSV05,WR
3(7DQG3(7WR3(705,WR3(7DQG3(7WR3(73(7DQG3(7
WR05,$FRUUHODWLRQEHWZHHQGRVHRI OLJDQGDJHDQG%3ZDVSHUIRUPHG
ZLWKKHDOWK\FRQWUROVQ DQGVKRZHGQRVWDWLVWLFDOVLJQL¿FDQFHLQOLPELF
DUHDVDQGUDSKHQXFOHL
5HVXOWV$IWHUZHHNVRI WUHDWPHQWZLWK(VFLWDORSUDPZHGHWHFWHGD
+7$UHFHSWRUGRZQUHJXODWLRQ LQ WKHRUELWRIURQWDOFRUWH[PHVLRWHPSRUDO
FRUWH[ SDUDKLSSRFDPSDO FRUWH[ DQG WKH KLSSRFDPSXV &RQFXUUHQWO\ ZH
LGHQWL¿HGDQXSUHJXODWLRQRIWKH+7$UHFHSWRULQQXFOHXVUDSKHGRUVDOLV
DQGQXFOHXVUDSKHPDJQXV)LJXUH
&RQFOXVLRQV ,W LV DVVXPHG WKDW GXH WR WKH UHXSWDNH LQKLELWLRQ FDXVHG E\
WKH665,PRUHVHURWRQLQUHPDLQVLQWKHV\QDSWLFFOHIWZKLFKFRQVHTXHQWO\
OHDGV WR D GRZQUHJXODWLRQ LQ FRUWLFDO DQG VXEFRUWLFDO UHJLRQV +7$
DXWRUHFHSWRUV LQ WKH UDSKH QXFOHL PRGXODWH WKH ¿ULQJ RI WKH VHURWRQHUJLF
QHXURQVZKLOHWKHWHUPLQDODXWRUHFHSWRUVDOWHUWKHUHOHDVHRIVHURWRQLQIURP
WKHVHURWRQHUJLFQHXURQV'XHWRWKHKLJKDPRXQWRI+7LQWKHV\QDSWLF
FOHIWDQLQWHUDFWLRQZLWKWKHVHURWRQHUJLFDXWRUHFHSWRUVSURYRNHVDQ+7$
UHFHSWRUXSUHJXODWLRQLQWKHUDSKHQXFOHL7KHVHSUHOLPLQDU\¿QGLQJVUHIHU
WRDVLQJOHFDVHVWXG\IXUWKHULQYHVWLJDWLRQVDUHSODQQHG
5HIHUHQFHV
1HXPHLVWHUHWDO-1HXURVFL
7DXVFKHUHWDO$P-3V\FKLDWU\
%UHPQHUHWDO&OLQ3RVLWURQ,PDJLQJ±
*XQQHWDO1HXURLPDJH±
.DSXUHWDO$P-3V\FKLDWU\
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
)LJXUH+7$UHFHSWRUXSDQGGRZQUHJXODWLRQIROORZLQJ
ZHHNVWUHDWPHQWZLWKHVFLWDORSUDP
32
>,@$'$063(&7,PDJLQJRI6HURWRQLQ7UDQVSRUWHUVLQ
'HSUHVVHG3DWLHQWV5HODWLRQVKLSWRGLIIHUHQW$VSHFWVRI0DMRU
'HSUHVVLRQ
5DOI8HEHOKDFN
'HSDUWPHQWRI3V\FKLDWU\&KDULWp8QLYHUVLWlWVPHGL]LQ%HUOLQ
'HSDUWPHQWRI5DGLRORJ\1XFOHDU0HGLFLQHDQG5DGLRRQFRORJ\
.OLQLNIXU6WUDKOHQKHLONXQGH&DPSXV9LUFKRZ.OLQLNXP&KDULWH
8QLYHUVLWDWVPHGL]LQ%HUOLQ
.RQUDG8HEHOKDFN/HRQRUD)UDQNH1DWDOLH+HUROG
0LFKDHO3ORWNLQ+ROJHU$PWKDXHU
2EMHFWLYHV ,Q SDWLHQWV VXIIHULQJ IURP PDMRU GHSUHVVLRQ WKH DYDLODELOLW\
RI VHURWRQLQ WUDQVSRUWHUV 6(57 IRU WKH ELQGLQJ RI 63(&7 DQG 3(7 UD
GLROLJDQGVKDVEHHQIRXQGWREHHLWKHUGHFUHDVHGLQFUHDVHGRUXQFKDQJHG
GHSHQGLQJXSRQWKHEUDLQUHJLRQLQYHVWLJDWHGWKHUDGLRWUDFHUDQGWKHVWXG\
PHWKRGRORJ\ 7KHREMHFWLYHRI WKLV VWXG\ZDV WRGHWHUPLQHZKHWKHU
FKDUDFWHULVWLFVRI>,@$'$0ELQGLQJLQWKHPLGEUDLQDUHUHODWHGWRGLIIHU
HQWDVSHFWVRIPDMRUGHSUHVVLRQVXFKDVPRRGFRJQLWLRQVRPDWLFV\PSWRPV
DQGDQ[LHW\
0HWKRGV  SDWLHQWV ZLWK PDMRU GHSUHVVLRQ ,&')) DQG D
+$0'WRWDOVFRUHRIZHUHH[DPLQHG7KH>,@$'$0ELQGLQJ
ZDVDVVHVVHGKDIWHULQMHFWLRQXVLQJ05JXLGHGUHJLRQVRILQWHUHVWSODFHG
LQ WKH PLGEUDLQ DQG FHUHEHOOXP 3ODVPD FRQFHQWUDWLRQV RI >,@$'$0
ZHUH DVVHVVHG DW K DIWHU LQMHFWLRQ 7KH UHODWLRQVKLSV EHWZHHQ LQGLFHV RI
>,@$'$0ELQGLQJZLWKWKH6(57FRXQWVPLGEUDLQFRXQWVFHUHEHOOXPFRXQWVF
HUHEHOOXPFRXQWVPLGEUDLQ$'$0 GRVLVFRXQWVPLGEUDLQ$'$0 FRQFHQWUDWLRQ LQ
SODVPDDQGGLIIHUHQWDVSHFWVRIPDMRUGHSUHVVLRQLWHPVRI+$0'ZHUH
HYDOXDWHGE\ WKH VWDWLVWLFDO VLJQL¿FDQFHRI WKH6SHDUPDQFRUUHODWLRQFRHI
¿FLHQWV
5HVXOWV'HVSLWH VLPLODU GRVDJH RI WKH UDGLROLJDQG 0%T WKH
SODVPDFRQFHQWUDWLRQDWKDIWHULQMHFWLRQYDULHGWRDKLJKH[WHQW
N%TPOUDQJH±
6LJQL¿FDQWFRUUHODWLRQVZHUHIRXQGEHWZHHQVRPHRIWKH+$0'LWHPVIH
LWHPEXWQRWEHWZHHQ+$0'WRWDOVFRUHDQGLQGLFHVRIWKH>,@$'$0
ELQGLQJ LQ WKHPLGEUDLQZHUHIRXQG+RZHYHU WKHVHFRUUHODWLRQVZHUHDI
IHFWHGE\XVHG>,@$'$0ELQGLQJFKDUDFWHULVWLFVWKHVH[DQGWKH>,@
$'$0SODVPDFRQFHQWUDWLRQ
&RQFOXVLRQV7KH6(57LQWKHPLGEUDLQVHHPVWRFRQWULEXWHWRWKHVHYHULW\
RIVRPHV\PSWRPVRIPDMRUGHSUHVVLRQ7KH¿QGLQJQHHGVFRQ¿UPDWLRQRQ
ODUJHUVDPSOHVXVLQJLPSURYHG63(&7GDWDDQDO\VLV
5HIHUHQFHV
0DOLVRQHWDO'DKOVWU|PHWDO:LOOHLWHWDO,FKLPL\DHW
DO5HLYLFKHWDO.XJD\DHWDO
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(PRWLRQDO)DFLDO([SUHVVLRQV0RGXODWH$P\JGDOD$FWLYLW\
ZLWKRXW([SOLFLW.QRZOHGJH
(YJHQL\0=DGRULQ
.LHY8NUDLQH1%6
6KHYFKHQNR.9
)XQFWLRQDO PDJQHWLF UHVRQDQFH LPDJLQJ I05, RI WKH KXPDQ EUDLQ ZDV
XVHG WR VWXG\ZKHWKHU WKHDP\JGDOD LVDFWLYDWHG LQ UHVSRQVH WRHPRWLRQDO
VWLPXOL HYHQ LQ WKHDEVHQFHRI H[SOLFLW NQRZOHGJH WKDW VXFK VWLPXOLZHUH
SUHVHQWHG 3LFWXUHV RI KXPDQ IDFHV EHDULQJ IHDUIXO RU KDSS\ H[SUHVVLRQV
ZHUHSUHVHQWHGWRQRUPDOKHDOWK\VXEMHFWVE\XVLQJDEDFNZDUGPDVNLQJ
SURFHGXUHWKDWUHVXOWHGLQRIVXEMHFWVUHSRUWLQJWKDWWKH\KDGQRWVHHQ
WKHVHIDFLDOH[SUHVVLRQV7KHEDFNZDUGPDVNLQJSURFHGXUHFRQVLVWHGRI
PVHFSUHVHQWDWLRQVRIIHDUIXORUKDSS\IDFLDOH[SUHVVLRQVWKHLURIIVHWFRLQFL
GHQWZLWKWKHRQVHWRIPVHFSUHVHQWDWLRQVRIQHXWUDOIDFLDOH[SUHVVLRQV
$OWKRXJKVXEMHFWV UHSRUWHGVHHLQJRQO\QHXWUDO IDFHVEORRGR[\JHQ OHYHO
GHSHQGHQW %2/' I05, VLJQDO LQ WKH DP\JGDODZDV VLJQL¿FDQWO\ KLJKHU
GXULQJYLHZLQJRIPDVNHGIHDUIXOIDFHVWKDQGXULQJWKHYLHZLQJRIPDVNHG
KDSS\IDFHV7KLVGLIIHUHQFHZDVFRPSRVHGRIVLJQL¿FDQWVLJQDOLQFUHDVHVLQ
WKHDP\JGDODWRPDVNHGIHDUIXOIDFHVDVZHOODVVLJQL¿FDQWVLJQDOGHFUHDVHV
WRPDVNHGKDSS\IDFHVFRQVLVWHQWZLWKWKHQRWLRQWKDWWKHOHYHORIDP\JGDOD
DFWLYDWLRQ LV DIIHFWHG GLIIHUHQWLDOO\ E\ WKH HPRWLRQDO YDOHQFH RI H[WHUQDO
VWLPXOL ,Q DGGLWLRQ WKHVH IDFLDO H[SUHVVLRQV DFWLYDWHG WKH VXEOHQWLFXODU
VXEVWDQWLD LQQRPLQDWD 6,ZKHUH VLJQDO LQFUHDVHVZHUH REVHUYHG WR ERWK
IHDUIXODQGKDSS\IDFHVVXJJHVWLQJDVSDWLDOGLVVRFLDWLRQRI WHUULWRULHV WKDW
UHVSRQGWRHPRWLRQDOYDOHQFHYHUVXVVDOLHQFHRUDURXVDOYDOXH7KLVVWXG\
XVLQJI05,LQFRQMXQFWLRQZLWKPDVNHGVWLPXOXVSUHVHQWDWLRQVUHSUHVHQWV
DQLQLWLDOVWHSWRZDUGGHWHUPLQLQJWKHUROHRIWKHDP\JGDODLQQRQFRQVFLRXV
SURFHVVLQJ
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3URWRQ0DJQHWLF5HVRQDQFH6SHFWURVFRS\LQ(FVWDV\8VHUV
-|UJ'DXPDQQ
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\+RVSLWDO
&RORJQH*HUPDQ\
:DOWHU0|OOHU+DUWPDQQ(XSKURV\QH*RX]RXOLV0D\IUDQN
2EMHFWLYHV 7KH SRSXODU UHFUHDWLRQDO GUXJ PHWK\OHQHGLR[\PHWKDP
SKHWDPLQH 0'0$HFVWDV\KDVZHOOUHFRJQL]HGQHXURWR[LFHIIHFWVXSRQ
FHQWUDOVHURWRQHUJLFV\VWHPVLQDQLPDOVWXGLHV,QKXPDQVWKHXVHRI0'0$
KDVEHHQOLQNHGWRFRJQLWLYHSUREOHPVSDUWLFXODUO\WRGH¿FLWVLQORQJWHUP
PHPRU\DQGOHDUQLQJ0RVWUHFHQWO\ZHVKRZHGWKDWHFVWDV\XVHUVH[KLELWHG
ORZHU DQGPRUH VSDWLDOO\ UHVWULFWHG DFWLYDWLRQ LQ WKH OHIW DQWHULRU KLSSRF
DPSXV+RZHYHULWUHPDLQVXQFOHDUZKHWKHURXUUHVXOWVUHÀHFW0'0$LQ
GXFHGQHXUDOORVVRUPHPRU\UHODWHGQHXUDOG\VIXQFWLRQ7RDFFRXQWIRUWKLV
LVVXHLQWKHSUHVHQWVWXG\ZHXVHGSURWRQPDJQHWLFUHVRQDQFHVSHFWURVFRS\
+056WRVWXG\SRVVLEOHQHXURGHJHQHUDWLRQLQHFVWDV\XVHUV
0HWKRGV :H FRPSDUHG  SRO\YDOHQW HFVWDV\ XVHUV ZLWK  PDWFKHG
FRQWUROV 6SHFWUD DW 7 LQ WKH OHIW KLSSRFDPSXV DQG WKH JUH\PDWWHU RI
WKHPLGIURQWDODQGPLGRFFLSLWDOFRUWH[ZHUHDFTXLUHG+056PHDVXUHVRI
LQWHUHVW LQFOXGHG 1DFHW\ODVSDUWDWH 1$$ FUHDWLQHSKRVSKRFUHDWLQH &U
DQGFKROLQHFRQWDLQLQJFRPSRXQGV &KR6LQFH WKHVWDQGDUGGHYLDWLRQRI
WKHHVWLPDWHG&KRH[FHHGHGLQPRVWFDVHVZHRQO\FRPSXWHG1$$&U
UDWLRV
5HVXOWV ,Q DOO WKUHH UHJLRQV HFVWDV\ XVHUV SUHVHQWHG ZLWK QXPHULFDOO\
ORZHU1$$&U UDWLRV WKDQFRQWUROV+RZHYHUJURXSGLIIHUHQFHV LQ IURQWDO
DQGRFFLSLWDOUDWLRVZHUHIDUIURPEHLQJVLJQL¿FDQWIURQWDOW GI 
S RFFLSLWDOW GI S ZKLOHWKHKLSSRFDPSDOUDWLRVKRZHG
D QRWDEOH WHQGHQF\ WRZDUGV VLJQL¿FDQFH W  GI  S  ZLWK D
FRQVLGHUDEOHHIIHFWVL]H &RKHQ¶VG :HIRXQGQRVLJQL¿FDQWRUHYHQ
PDUJLQDOPHDQLQJIXOFRUUHODWLRQVEHWZHHQ1$$&UUDWLRVDQGDQ\DVSHFWV
RIWKHGUXJXVHSDWWHUQV
&RQFOXVLRQV&RPSDUHGWRFRJQLWLYHGH¿FLWVDQGIXQFWLRQDOLPDJLQJUHVXOWV
+056DSSHDUVWREHDOHVVVHQVLWLYHPDUNHURISRWHQWLDOQHXURWR[LFGDPDJH
LQHFVWDV\XVHUV+RZHYHU1$$&UUDWLRVLQWKHOHIWKLSSRFDPSXVVKRZHGD
.%52/)-!').'¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
WHQGHQF\WRZDUGVORZHUYDOXHVLQ0'0$XVHUVFRPSDUHGWRFRQWUROVZLWK
DQRWDEOHHIIHFWVL]H+056ZLWKKLJK¿HOG057V\VWHPVPD\VKHGPRUH
OLJKWRQWKHTXHVWLRQZKHWKHUWKHKLSSRFDPSXVPD\EHSDUWLFXODUO\YXOQHU
DEOHWRWKHQHXURWR[LFHIIHFWVRI0'0$
5HIHUHQFHV
'DXPDQQ - )LVFKHUPDQQ 7 3LODWXV 8 7KURQ $ 0RHOOHU+DUWPDQQ :
*RX]RXOLV0D\IUDQN(3URWRQPDJQHWLFUHVRQDQFHVSHFWURVFRS\LQ
HFVWDV\0'0$XVHUV1HXURVFL/HWW
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9R[HOEDVHG0RUSKRPHWU\5HYHDOV7KDODPLF9ROXPH
5HGXFWLRQLQ6FKL]RSKUHQLD3DWLHQWV7UHDWHGZLWK$W\SLFDO
$QWLSV\FKRWLFV
&KULVWLQH(VVOLQJHU
&HQWHUIRU3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\RI*LHVVHQ
*HUPDQ\
3HWHU'DQRV3HWHU.LUVFK+DUDOG*UXSSH-RFKHQ%UROO
%HUQG*DOOKRIHU
2EMHFWLYHV3UHYLRXVQHXURSDWKDORJLFDOHJ'DQRVHWDODQG05,
VWXGLHVHJ.HPHWKHUHWDOKDYHIRXQGVWUXFWXUDODOWHUDWLRQVRIWKH
WKDODPXVLQSDWLHQWVZLWKVFKL]RSKUHQLD+RZHYHULWLVVWLOOXQFOHDUZKHWKHU
WKHVHVWUXFWXUDOFKDQJHVRIWKHWKDODPXVDUHGXHWRWKHWUHDWPHQWZLWKFODV
VLFDODQWLSV\FKRWLFV7KHDLPRIWKHSUHVHQWVWXG\ZDVWRDQDO\VHWKHYROXPH
RIWKHWKDODPXVLQVFKL]RSKUHQLDSDWLHQWVWUHDWHGZLWKDW\SLFDODQWLSV\FKRW
LFVXVLQJVWUXFWXUDOPDJQHWLFUHVRQDQFHLPDJLQJ
0HWKRGV:HVWXGLHGPDOHSDWLHQWVZLWKVFKL]RSKUHQLDPHDQDJH
\HDUVDFFRUGLQJ WR'60,9FULWHULDDQGKHDOWK\PDOHFRQWUROVXEMHFWV
PHDQDJH\HDUV$OOSDWLHQWVZHUHWUHDWHGZLWKDW\SLFDOQHXUROHSWLFV
7KHSDWLHQWVZHUHDVVHVVHGZLWKWKH3RVLWLYHDQG1HJDWLYH6\QGURP6FDOH
3$166
6XEMHFWVXQGHUZHQWIRXUVWUXFWXUDOVFDQVRQD7*(6LJQDVFDQQHU(DFK
VFDQFRQVLVWHGRID WKUHHGLPHQVLRQDO IDVW VSRLOHGJUDGLHQWHFKRVHTXHQFH
ZLWK FRQWLJXRXV  PP WKLFN 7ZHLJKWHG FRURQDO VOLFHV $ [
PDWUL[DFTXLVLWLRQSURGXFHG[[PPYR[HOGLPHQVLRQV7KHIRXU
VWUXFWXUDOVFDQVIRUHDFKSDUWLFLSDQWZHUHDYHUDJHGDQGVSDWLDOO\UHDOLJQHG
WRFUHDWHDVLQJOHKLJKVLJQDOWRQRLVHDYHUDJHYROXPHWKXVDYRLGLQJFRQ
IRXQGVRIORZVLJQDO6SDWLDOUHDOLJPHQWZDVGRQHZLWK6307KHUHVXOW
LQJ LPDJHVZHUHQRUPDOLVHGDQGVHJPHQWHG LQWRJUH\DQGZKLWHPDWWHU$
YR[HOZLVH VWDWLVWLFDO FRPSDULVRQ RI JUH\ PDWWHU YROXPH LQ WKH WKDODPXV
EHWZHHQ WKH WZR JURXSV ZDV SHUIRUPHG XVLQJ YR[HOEDVHG PRUSKRPHWU\
9%0DV LPSOHPHQWHG LQ630 ,QDGGLWLRQ WKHYROXPHVRI WKH WKDODPL
ZHUHFDOFXODWHG
IURPWKHJUH\PDWWHULPDJHV
5HVXOWV7KHUHZDVQRVLJQL¿FDQWGLIIHUHQFHLQWKHWRWDOEUDLQWLVVXHYROXPH
VXPRI WRWDOJUH\PDWWHU DQGZKLWHPDWWHUEHWZHHQ WKH WZRJURXSV7KH
UHVXOWVRIWKH9%0DQDO\VLVUHYHDOHGVLJQL¿FDQWORVVRIJUH\PDWWHULQWKH
ELODWHUDOWKDODPXVULJKWWKDODPXV7PD[ SOHIWWKDODPXV
7PD[    S $ JURXS FRPSDULVRQ RI WKDODPLF JUH\ PDWWHU
YROXPHZLWKWKHWRWDOEUDLQWLVVXHYROXPHDQGWKHDJHDVFRYDULDWHVUHYHDOHG
D VLJQL¿FDQW YROXPH UHGXFWLRQ S LQ WKH VFKL]RSKUHQLD SDWLHQWV1R
VLJQL¿FDQW FRUUHODWLRQVZHUH IRXQG EHWZHHQ WKH WKDODPLF YROXPH DQG WKH
OHQJWKRILOOQHVVRUWKHSV\FKRPHWULFDOGDWDRQWKH3$166VFDOH
&RQFOXVLRQV7KHSUHVHQWGDWDVKRZWKDWWKHYROXPHUHGXFWLRQRIWKHWKDOD
PXVLQVFKL]RSKUHQLDLVQRWOLPLWHGWRSDWLHQWVWUHDWHGZLWKW\SLFDODQWLSV\
FKRWLFVEXWFDQDOVREHIRXQGLQWKRVHWUHDWHGZLWKDW\SLFDOQHXUROHSWLFV7KH
ODFNRI VLJQL¿FDQWFRUUHODWLRQVEHWZHHQ WKH WKDODPLFYROXPHDQG WKHSV\
FKRPHWULFDOGDWDRUWKHOHQJWKRILOOQHVVVXJJHVWVWKDWWKHWKDODPLFYROXPH
UHGXFWLRQPLJKWEHDWUDLWUDWKHUWKDQDVWDWHPDUNHUIRUVFKL]RSKUHQLD
5HIHUHQFHV
'DQRV 3 %DXPDQQ % .UDPHU$ %HUQVWHLQ +* 6WDXFK 5 .UHOO
')DONDL3%RJHUWV%9ROXPHVRIDVVRFLDWLRQWKDODPLFQXFOHLLQ
VFKL]RSKUHQLDDSRVWPRUWHPVWXG\6FKL]RSKU5HV
.HPHWKHU(0%XFKVEDXP06%\QH:+D]OHWW($+D]QHGDU0
%ULFNPDQ$03ODWKROL-%ORRP50DJQHWLFUHVRQDQFHLPDJ
LQJRIPHGLRGRUVDO SXOYLQDU DQG FHQWURPHGLDQQXFOHL RI WKH WKDODPXV LQ
SDWLHQWVZLWKVFKL]RSKUHQLD$UFK*HQ3V\FKLDW
32
05,)LQGLQJVLQ%LSRODU,SDWLHQWV3UHOLPLQDU\'DWD
.RQVWDQWLQRV1)RXQWRXODNLV
UG'HSDUWPHQWRI3V\FKLDWU\$ULVWRWOH8QLYHUVLW\RI7KHVVDORQLNL
*UHHFH
3DQDJLRWLV3DQDJLRWLGLV0HOLQD6LDPRXOL9DVLOLV.LPLVNLGLV
$SRVWRORV,DFRYLGHV*HRUJH.DSULQLV
2EMHFWLYHV ,QFUHDVHGUDWHVRIZKLWHPDWWHUK\SHULQWHQVH OHVLRQVDQGWHP
SRUDOFRUWLFDODWURSK\KDYHEHHQUHSRUWHGLQELSRODUSDWLHQWV+RZHYHUWKH
SRWHQWLDOHIIHFWVRIDJHYDVFXODUULVNIDFWRUVDQGLOOQHVVVHYHULW\RQUHSRUWHG
¿QGLQJVDUHQRWIXOO\HVWDEOLVKHG
0HWKRGVELSRODU,SDWLHQWVDJHG\HDUV7KH\ZHUHHVSHFLDOO\
LQYHVWLJDWHG IRU WKH SUHVHQFH RI GLDEHWHVPHOOLWXV '0 DQG K\SHUWHQVLRQ
+7$OOXQGHUZHQWEUDLQ05,ZKLFKZDVTXDOLWDWLYHO\UDWHGDEVHQWWR
SURQRXQFHGIRUWKHSUHVHQFHRIYHQWULFXODUHQODUJHPHQWFRUWLFDODWURSK\
DQGZKLWHPDWWHUOHVLRQV
5HVXOWV7ZRSDWLHQWVKDGERWK'0DQG+7DQGRQHKDG+7DORQH7KHUH
ZDVQRSDWLHQWZLWKQRDEQRUPDO05,¿QGLQJV6HYHQSDWLHQWVKDG
ELODWHUDOYHQWULFXODUHQODUJHPHQWKDGFRUWLFDODWURSK\WRRQHRUPRUHEUDLQ
UHJLRQVKDGQRQVSHFL¿FZKLWHPDWWHUOHVLRQVVSUHDGWKURXJK
RXW WKH EUDLQ$JH FRUUHODWHG VLJQL¿FDQWO\ZLWK DOO05, UDWLQJV 5 
3DWLHQWVZLWK'0KDGPRUHSURQRXQFHGZKLWHPDWWHU SDWKRORJ\ LQ
WKHOHIWSDULHWDOOREHYVZKLOHSDWLHQWVZLWK+7KDG
PRUHSURQRXQFHGZKLWHPDWWHUSDWKRORJ\LQERWKSDULHWDOOREHV
YVDQGYV
&RQFOXVLRQV %UDLQ OHVLRQV GHWHFWDEOH ZLWK 05, PD\ EH SUHVHQW LQ WKH
PDMRULW\RIELSRODU,SDWLHQWV
32
/DQJXDJH/DWHUDOL]DWLRQLQ)DPLOLDODQG6SRUDGLF&DVHVRI
6FKL]RSKUHQLD$I05,3LORW6WXG\LQ0RQR]\JRWLF7ZLQV
'LVFRUGDQWDQG&RQFRUGDQWIRU6FKL]RSKUHQLD
)LOLS6SDQLHO
3V\FKLDWULF&HQWHU3UDJXH&]HFK5HSXEOLF
,QWKLVVWXG\I05,ZDVXVHGWRVWXG\FRUWLFDODFWLYDWLRQGXULQJDYHUEDOWDVN
LQ%URFD¶VDUHDDQGLWVFRQWUDODWHUDOKRPRORJXHLQIRXUSDLUVRIPRQR]\JRWLF
WZLQV GLVFRUGDQW IRU VFKL]RSKUHQLDZLWK QR IDPLOLDO KLVWRU\ RI SV\FKLDWULF
LOOQHVV ³6SRUDGLF JURXS´  FRQFRUGDQW0= WZLQ SDLUV ZLWK ¿UVWGHJUHH
UHODWLYHV ZLWK VFKL]RSKUHQLD ³)DPLOLDO JURXS´ DQG  FRQWURO 0= WZLQ
SDLUV$OOVXEMHFWVZHUHULJKWKDQGHG
1RVLJQL¿FDQWGLIIHUHQFHVLQODQJXDJHODWHUDOL]DWLRQZHUHIRXQGEHWZHHQWKH
³6SRUDGLF´DQG³)DPLOLDO´JURXSV+RZHYHUSRROHGGDWDIURPDOOVXEMHFWV
ZLWKVFKL]RSKUHQLDVKRZHGLQFUHDVHGDFWLYDWLRQLQWKHULJKWKRPRORJXHRI
%URFD¶V DUHD LQ FRQWUDVW WR KHDOWK\ LQGLYLGXDOV UHVXOWLQJ LQ UHGXFHG ODQ
JXDJH ODWHUDOL]DWLRQ LQGH[ /, LQ VFKL]RSKUHQLF JURXS &RQFRUGDQW WZLQV
LH³)DPLOLDO´JURXSVKRZHGSURPLQHQWEHWZHHQFRWZLQGLIIHUHQFHVLQ/,
ZLWKLQJLYHQ52,7KHLQWUDSDLUGLIIHUHQFHVLQ/,ZHUHVLJQL¿FDQWO\KLJKHU
FRPSDUHGWRWKHFRQWUROVYVSLQWKRVHVXEMHFWV
DOEHLW GLIIHUHQFHV LQ WKH YDULDEOH GLG QRW UHDFK VWDWLVWLFDO VLJQL¿FDQFH EH
WZHHQWKHGLVFRUGDQWDQGFRQWUROJURXSV
7KLVVWXG\SURYLGHVHYLGHQFHRIUHGXFHGFHUHEUDOGRPLQDQFHIRU ODQJXDJH
SURFHVVLQJLQSDWLHQWVZLWKVFKL]RSKUHQLD7KH¿QGLQJVIXUWKHUVXJJHVWWKH
OLQN EHWZHHQ GHYLDWLRQV RI IXQFWLRQDO DV\PPHWU\ LQ VFKL]RSKUHQLD DQG
JHQHWLF VXVFHSWLELOLW\ UHVXOWLQJ LQ UDQGRP VSHFL¿FDWLRQ RI FHUHEUDO ODWHU
DOL]DWLRQ
32
$1HDU,QIUDUHG6SHFWURVFRS\6WXG\RI&UHDWLYLW\DQG
6FKL]RW\S\
&U\VWDO*LEVRQ
9DQGHUELOW8QLYHUVLW\86$
3DU]LYDO3RSRI%UDG)ROOH\-RKQ*RUH6RKHH3DUN
2EMHFWLYHV7KHSUHVHQWVWXG\H[DPLQHGFUHDWLYLW\DQGVFKL]RW\SDOSHUVRQDO
LW\LQLQGLYLGXDOVRIDÄFUHDWLYH³SURIHVVLRQLHPXVLFLDQVXVLQJEHKDYLRUDO
PHDVXUHVDQGQHDU LQIUDUHGRSWLFDO WRPRJUDSK\1,527ZKLFK LVDQRQ
.%52/)-!').'¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
LQYDVLYHQHXURLPDJLQJPHWKRGWKDWPHDVXUHVR[\JHQDWHGDQGGHR[\JHQDWHG
KHPRJORELQ LQ WKH FRUWH[7KHUH KDV EHHQPXFK VSHFXODWLRQ DERXW D OLQN
EHWZHHQFUHDWLYLW\DQGSV\FKRVLVEXWWKHQDWXUHRIWKLVFRQQHFWLRQKDVQRW
\HWEHHQHOXFLGDWHG7KHIRFXVRIWKLVVWXG\ZDVWRH[DPLQHVFKL]RW\S\LQ
PXVLFLDQVDQGQRQPXVLFLDQVLQUHODWLRQWRWKHLUFRUWLFDODFWLYDWLRQSDWWHUQV
GXULQJDYDOLGDWHGGLYHUJHQWWKLQNLQJWDVNWRDVVHVVFUHDWLYHWKLQNLQJ
0HWKRGV7RH[SORUHSV\FKRVLVSURQHQHVVDQGIXQFWLRQDOQHXURDQDWRP\RI
FUHDWLYH WKLQNLQJ LQPXVLFLDQVZHDVVHVVHGPXVLFLDQV DQGDJH DQG
VH[PDWFKHGQRQPXVLFLDQVRQFUHDWLYHWKLQNLQJWDVNVVFKL]RW\SDOSHUVRQDO
LW\SV\FKRPHWULFLQWHOOLJHQFH,4DQGKDQGHGQHVVDQLQGLUHFWPHDVXUHRI
FHUHEUDO ODWHUDOLW\7RPHDVXUH FUHDWLYH WKLQNLQJ SDUWLFLSDQWVZHUH JLYHQ
WHVWVRIGLYHUJHQWWKLQNLQJDQGDVVRFLDWLYHSURFHVVLQJ:HDOVRXVHG1,527
WRH[DPLQHGLIIHUHQWLDOEORRGR[\JHQOHYHOGHSHQGHQWDFWLYDWLRQLQELODWHUDO
SUHIURQWDOFRUWH[RQDVXEJURXSRIWKHSDUWLFLSDQWVWRDVVHVVFRUWLFDODFWLYD
WLRQSDWWHUQVGXULQJDGLYHUJHQWWKLQNLQJWDVN
5HVXOWV0XVLFLDQV VKRZHG VXSHULRU SHUIRUPDQFH RQ FUHDWLYLW\ WDVNV DQG
HOHYDWHGVFKL]RW\SDOSHUVRQDOLW\7KHVH UHVXOWV VXJJHVW WKDWPXVLF WUDLQLQJ
LVDVVRFLDWHGZLWKLQFUHDVHGSV\FKRVLVSURQHQHVVDQGFUHDWLYLW\0XVLFLDQV
VKRZHGUHGXFHGOHIWKHPLVSKHUHDFWLYDWLRQGXULQJDGLYHUJHQWWKLQNLQJWDVN
ZKLOHVKRZLQJVXSHULRUSHUIRUPDQFHRQWKHWDVNZKLFKVXJJHVWVWKDWPXVL
FLDQVPD\EHDEOHWRSHUIRUPFUHDWLYHWKLQNLQJWDVNVPRUHHI¿FLHQWO\
&RQFOXVLRQV7KHVSHFLDOQHXUDORUJDQL]DWLRQRIPXVLFLDQV OLNHO\FRQWULE
XWHVWRHQKDQFHGFUHDWLYHWKLQNLQJE\DOORZLQJIRUPRUHHI¿FLHQWLQWHUKHPL
VSKHULFFRPPXQLFDWLRQ$GGLWLRQDOO\HOHYDWHGVFKL]RW\SDOWUDLWVPLJKWDLG
LQ FUHDWLYH WKLQNLQJ HVSHFLDOO\RGGRU GLVRUJDQL]HG FKDUDFWHULVWLFVZKLFK
DUH UHODWHG WRGLYHUJHQW WKLQNLQJ7KHSDWWHUQRI UHGXFHGDFWLYDWLRQ LQ WKH
OHIWKHPLVSKHUHGXULQJWKH1,527WDVNLQGLFDWHVWKDWPXVLFLDQVDUHDEOHWR
SHUIRUPFUHDWLYHWKLQNLQJWDVNVPRUHHI¿FLHQWO\
32
/DUJH$ȕ%LQGLQJ3DUWLFOHVLQ&6)&RUUHODWH&ORVHO\WR,J*
&RQFHQWUDWLRQ
$QGUHDV:+HQNHO
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\RI(UODQJHQ1XUHPEHUJ
(UODQJHQ*HUPDQ\
3HWUD6'LWWULFK3HWUD6FKZLOOH3LRWU/HZF]XN
-RKDQQHV.RUQKXEHU-HQV:LOWIDQJ
2EMHFWLYHV(DUO\DQGUHOLDEOHGLDJQRVLVRI$O]KHLPHU¶VGHPHQWLDEHFRPHV
LQFUHDVLQJO\ LPSRUWDQW VLQFH QHZ WKHUDSHXWLF VWUDWHJLHV DSSHDU RQ WKH
KRUL]RQ5HFHQWO\3LWVFKNHHWDOLWZDVUHSRUWHGWKDWH[FOXVLYHO\FHU
HEURVSLQDOÀXLGRI$'SDWLHQWVFRQWDLQHGODUJH$ȕSHSWLGHELQGLQJSDUWLFOHV
/$3VZKRVH RFFXUUHQFH FRXOG SRWHQWLDOO\ EH XVHG DV D GLDJQRVWLF WRRO
7KHLUPROHFXODUFRPSRVLWLRQDQGWKHLUPRUSKRORJLFDOVWUXFWXUHDUHFXUUHQWO\
XQNQRZQ
0HWKRGV &HUHEURVSLQDO ÀXLG &6) ZDV LQRFXODWHG ZLWK ÀXRUHVFHQFH
ODEHOOHG$ȕSHSWLGHVZKLFKSUHFLSLWDWHGRQSUHH[LVWHQWSDUWLFOHVDQG
ZHUH GHWHFWHG E\ HPLVVLRQ RI ODUJH ÀXRUHVFHQW SHDNV LQ D FRQIRFDO VSHF
WURVFRS\VHWXS:HGHVLJQHGDPLFURÀXLGLFV\VWHPIRUTXDQWLWDWLYHDQDO\VLV
IRU VFDQQLQJ RI D ODUJH YROXPH RI&6)7KHPRUSKRORJLFDO VWUXFWXUHZDV
DQDO\VHGE\SKRWRQDQGHSLÀXRUHVFHQFHPLFURVFRS\
5HVXOWV7KHFRQFHQWUDWLRQRI/$3VLQ&6)LVQRWH[FOXVLYHO\HOHYDWHGLQ
$'SDWLHQWVEXWDOVRLQ&6)RIGHPHQWHGSDWLHQWVRIRWKHURULJLQDQGQRQ
GHPHQWHG FRQWUROV &RQFHQWUDWLRQ RI /$3V FRUUHODWH SRVLWLYHO\ ZLWK WKH
FRQFHQWUDWLRQRILPPXQRJOREXOLQVEXWQRW$ȕ$ȕWRWDOWDXDQG
SKRVSKR7DX)OXRUHVFHQFHPLFURVFRS\UHYHDOHGWKDWWKHVHSDUWLFOHVDUH
VXSHUFRPSOH[HV FRQVLVWLQJ RI VPDOOHU VXEXQLWV UHVHPEOLQJ DXWRLPPXQH
FRPSOH[HV 1RWHZRUWK\ WKH VWUXFWXUH RI &6)GHULYHG FRPSOH[HV GLIIHUV
IURP$ȕDXWRDJJUHJDWHV
&RQFOXVLRQV'HWHFWLRQRI/$3VLQ&6)E\FRQIRFDOVSHFWURVFRS\FDQQRW
EHHPSOR\HGDVDGLDJQRVWLFWRROIRU$'GLDJQRVLV'XHWRWKHVSHFL¿FSRVL
WLYH FRUUHODWLRQ RI /$3VZLWK LPPXQRJOREXOLQV FRQFHQWUDWLRQ DQG GXH WR
WKHLUÀXRUHVFHQFHPLFURVFRSLFLPDJHLWLVLQWULJXLQJWRVSHFXODWHWKDW/$3V
FRQVLVW RI VXSHUPROHFXODU FRPSOH[HV FRQWDLQLQJ DXWRDQWLERGLHV$ȕ
DQGSRVVLEO\DGGLWLRQDOFDUULHUSURWHLQV
5HIHUHQFHV
3LWVFKNH 0 3ULRU 5 +DXSW 0 5LHVQHU ' 'HWHFWLRQ RI VLQJOH DP\ORLG
EHWDSURWHLQDJJUHJDWHVLQWKHFHUHEURVSLQDOÀXLGRI$O]KHLPHUµVSDWLHQWVE\
ÀXRUHVFHQFHFRUUHODWLRQVSHFWURVFRS\1DWXUH0HGLFLQH
32
([SHFWLQJWKH8QNQRZQ3URFHVVLQJRI$IIHFWLYH6WLPXOLLQ
I05,
8ZH+HUZLJ
3V\FKLDWULF8QLYHUVLW\&OLQLF=ULFK6ZLW]HUODQG
7LQD.DIIHQEHUJHU7KRPDV%DXPJDUWQHU/XW]-lQFNH
2EMHFWLYHV:HGRQRWNQRZZKDWIXWXUHZLOOSURYLGH+RZHYHUZHSUHSDUH
IRUH[SHFWHGHPRWLRQDOHYHQWVLQRUGHUWRGHDOZLWKDSRWHQWLDOO\WKUHDWHQLQJ
RUSOHDVDQWHQYLURQPHQW,QRXUVWXG\ZHZHUHLQWHUHVWHGLQWKHXQGHUO\LQJ
FHQWUDO QHUYRXV LQIRUPDWLRQ SURFHVVLQJ DVVRFLDWHG ZLWK H[SHFWLQJ YLVXDO
VWLPXOLRIXQNQRZQHPRWLRQDOYDOHQFH
0HWKRGV:KLOHEHLQJVFDQQHGZLWKIXQFWLRQDOPDJQHWLFUHVRQDQFHLPDJ
LQJ HLJKWHHQ KHDOWK\ VXEMHFWV ZHUH ELDVHG WR H[SHFW DQG WKHQ SHUFHLYH
HPRWLRQDOO\ XQSOHDVDQW SOHDVDQW DQG QHXWUDO YLVXDO VWLPXOL DV ZHOO DV
LQGLFDWHGVWLPXOLRIXQNQRZQYDOHQFHWKDWFRXOGKDYHEHHQHLWKHUSOHDVDQW
RUXQSOHDVDQW
5HVXOWV%UDLQDFWLYLW\GXULQJH[SHFWLQJ WKHSLFWXUHVRIXQNQRZQYDOHQFH
ZDVFRPSDUDEOHWREUDLQDFWLYLW\GXULQJH[SHFWLQJWKHXQSOHDVDQWSLFWXUHV
EXWQRWZKHQFRPSDUHGWRH[SHFWLQJWKHSOHDVDQWDQGWKHQHXWUDOSLFWXUHV
%UDLQDUHDVLQYROYHGZHUHPDLQO\WKHPHGLDOIURQWDOFRUWH[DQWHULRUFLQJX
ODWHJ\UXVULJKWLQIHULRUIURQWDOJ\UXVWKHLQVXODWKDODPXVDQGK\SRWKDOD
PXVDVZHOODVLQIHULRUSDULHWDODQGSRVWHULRUWHPSRUDOUHJLRQV
&RQFOXVLRQV ([SHFWLQJ WKH XQNQRZQ YDOHQFH ZDV DVVRFLDWHG ZLWK EUDLQ
DFWLYLW\FRPSDUDEOHWRH[SHFWLQJWKHXQSOHDVDQWYDOHQFH7KHUHYHDOHGDUHDV
PD\ UHÀHFW WKH QHWZRUN IRU LQWHUQDO DGDSWDWLRQ DQG SUHSDUDWLRQ SURFHVVHV
LQ RUGHU WR DFW DGHTXDWHO\ WR H[SHFWHG SRWHQWLDOO\ RU FHUWDLQO\ XQSOHDVDQW
HYHQWV7KHUHE\EUDLQDFWLYLW\GXULQJH[SHFWLQJXQNQRZQHYHQWVDSSHDUHG
WR UHÀHFW D ³SHVVLPLVWLF´ ELDV DV LI WKH H[SHFWHG HYHQWVZRXOG KDYH EHHQ
XQSOHDVDQW
32
/LQNHG3UHIURQWDODQG3DULHWDO3URFHVVLQJRI1HJDWLYH
(PRWLRQV
8ZH+HUZLJ
3V\FKLDWULF8QLYHUVLW\&OLQLF=ULFK6ZLW]HUODQG
7LQD.DIIHQEHUJHU7KRPDV%DXPJDUWQHU/XW]-lQFNH
2EMHFWLYHV3URFHVVLQJHPRWLRQDOLQIRUPDWLRQLQYROYHVDFRUWLFDOVXEFRUWL
FDO QHWZRUN DV KDV EHHQ UHYHDOHG IRU LQVWDQFH XVLQJ IXQFWLRQDO PDJQHWLF
UHVRQDQFHLPDJLQJI05,:KHUHE\I05,SURYLGHVXVHIXOWRSRORJLFDOLQ
IRUPDWLRQ LW LV OLPLWHG FRQFHUQLQJ LWV UHVROXWLRQ LQ WLPH+HQFH LWV FRP
ELQDWLRQ ZLWK VXEVHTXHQW WUDQVFUDQLDO PDJQHWLF VWLPXODWLRQ 706 RIIHUV
WKHSRVVLELOLW\ WR LQYHVWLJDWHSUHLGHQWL¿HG FRUWH[ DUHDV DFFRUGLQJ WR WKHLU
FKURQRPHWULF LQYROYHPHQW LQ WKH VWUHDP RI LQIRUPDWLRQ SURFHVVLQJ IURP
SHUFHSWLRQWRDFWLRQ:HFRPELQHGERWKPHWKRGVLQRUGHUWRLQYHVWLJDWHWKH
SURFHVVRILGHQWLI\LQJHPRWLRQDOO\QHJDWLYHYLVXDOVWLPXOL
0HWKRGV ,Q DQ LQLWLDO I05, VWXG\ LQKHDOWK\ IHPDOH VXEMHFWV WKH OHIW
GRUVRODWHUDOSUHIURQWDOFRUWH['/3)&DQGWKHULJKWLQIHULRUSDULHWDOJ\UXV
,3*ZHUHDSDUWRWKHUUHJLRQVLGHQWL¿HGWREHLQYROYHGLQWKHSHUFHSWLRQ
RIQHJDWLYHHPRWLRQDOYLVXDOVWLPXOL:HXVHG706LQIXUWKHUVXEMHFWVWR
LQYHVWLJDWHLQZKLFKWLPHIUDPHWKHVHDUHDVZHUHLQYROYHGLQWKHFRXUVHRI
WKHLGHQWL¿FDWLRQRIWDFKLVWRVFRSDOO\SUHVHQWHGQHJDWLYHDQGQHXWUDOSLFWXUHV
7KHUHE\ZHDSSOLHG706DWSDUDPHWULFDOO\YDULHGWLPHSRLQWVDIWHUSLFWXUH
SUHVHQWDWLRQ±PVLQPVVWHSVDQGUHFRUGHGHUURUUDWHVDQGUH
DFWLRQ WLPH57 ,QDIROORZXSVWXG\ZHWHVWHGDQRWKHUVXEMHFWVZLWK
UHODWHGSDUDPHWHUV
5HVXOWV,QWKHLQLWLDO706VWXG\VWLPXODWLRQDERYHWKH,3*UHVXOWHGLQVLJ
QL¿FDQWO\ORQJHU57VZKHQDSSOLHGPVDIWHUSUHVHQWDWLRQRIDQHJDWLYH
SLFWXUHDVZHOOZKHQFRPSDUHGZLWKRWKHUWLPHSRLQWVDQGZLWKSUHVHQWDWLRQ
RIQHXWUDOSLFWXUHVDWWKHVDPHWLPHSRLQW6WLPXODWLRQDERYHWKH'/3)&DW
PVDIWHUQHJDWLYHSLFWXUHVOHDGWRORQJHU57VFRPSDUHGWRWKH
HDUOLHUWLPHSRLQWV7KHVXEVHTXHQW706VWXG\FRQ¿UPHGWKHUHVXOWVRIWKH
'/3)&VWLPXODWLRQEXWGLGQRWVKRZWKHUHVXOWVRI,3*VWLPXODWLRQPD\EH
GXHWRFKDQJHGFRQGLWLRQV
&RQFOXVLRQV7KH UHVXOWV FDQ EH LQWHUSUHWHG DV D FKURQRPHWULFDOO\ OLQNHG
LQYROYHPHQWRISUHIURQWDODQGSDULHWDODUHDVGXULQJWKHSURFHVVLQJRIQHJD
WLYHHPRWLRQDODFWLYDWLRQ7KHUHE\WKHOHIW'/3)&DSSHDUVWREHLQYROYHG
DWUHODWLYHO\HDUO\VWDJHVGXULQJHPRWLRQSURFHVVLQJZKLFKPD\EHGXHWR
GLUHFW VXEFRUWLFDO SURMHFWLRQV 7KH '/3)& FRXOG WKHQ H[HUW D WRSGRZQ
.%52/)-!').'¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
SULPLQJRISDULHWDODUHDVLQRUGHUWRIDFLOLWDWHWKHLGHQWL¿FDWLRQRIHPRWLRQDO
VWLPXOL
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&KDUDFWHULVWLFVRI(PRWLRQDO5HODWHG&RJQLWLYH)XQFWLRQLQ
6FKL]RSKUHQLD(YDOXDWLQJE\9LVXDO(YHQW5HODWHG3RWHQWLDOV
([SORUDWRU\(\H0RYHPHQWVDQGI05,&RPSDULVRQZLWK
+HDOWK\6XEMHFWV
.LLFKLUR0RULWD
&RJQLWLYHDQG0ROHFXODU5HVHDUFK,QVWLWXWHRI%UDLQ'LVHDVHV
.XUXPH8QLYHUVLW\-DSDQ
<RVKLKLVD6KRML7RVKLPDVD0DWVXRND+LURNR<DPDPRWR
6DFKLNR1LVKLXUD0DHGD+
,QWURGXFWLRQ (YHQWUHODWHG SRWHQWLDOV (53V DQG ([SORUDWRU\ H\H
PRYHPHQWV ((0V KDYH EHHQ VWXGLHG DV D ELRORJLF PDUNHU RI LQIRUPD
WLRQ SURFHVVLQJ 3 DPSOLWXGH UHGXFWLRQ LV DPRQJ WKH PRVW FRQVLVWHQW
ELRORJLFREVHUYDWLRQVLQVFKL]RSKUHQLFSDWLHQWVDVERWKD WUDLWPDUNHUDQG
DVWDWHPDUNHU+RZHYHUIHZUHSRUWVKDYHGHVFULEHGHIIHFWVRIIDFLDODIIHFW
UHFRJQLWLRQ RQ FRJQLWLYH IXQFWLRQ DV UHÀHFWHG E\ (53V7KH SUHVHQW VWXG\
FRPSDUHGWKHHIIHFWVRIIDFLDODIIHFWLYHVWLPXOLRQYLVXDO(53V((0VI05,
LQVFKL]RSKUHQLFSDWLHQWVDQGKHDOWK\VXEMHFWV
0HWKRGV 9LVXDO (53V ZHUH UHFRUGHG XVLQJ DQ RGGEDOO SDUDGLJP LQ 
VFKL]RSKUHQLF SDWLHQWV DQG  DJHPDWFKHG KHDOWK\ VXEMHFWV (53V ZHUH
REWDLQHGDW)]&]3]2]7DQG7HOHFWURGHV$FU\LQJEDE\RUDVPLOLQJ
EDE\SKRWRJUDSKZDVXVHGDVWKHWDUJHWVWLPXOLZKLOHDQHXWUDOEDE\SKRWR
JUDSKZDVWKHQRQWDUJHWVWLPXOL$OOVXEMHFWVZHUHDVNHGWRSXVKDEXWWRQ
DV VRRQDV WKH\DSSHDUHG DQGPHQWDO FRXQW WR WDUJHW VWLPXOL((0VZHUH
UHFRUGHGXVLQJDQH\HPDUNUHFRUGHU$OO VXEMHFWVZHUH LQVWUXFWHG WRJD]H
WKHVDPHEDE\SKRWRJUDSKVGHVFULEHGDERYH((0VZHUHDQDO\]HGIRUWRWDO
H\HVFDQQLQJOHQJWK7(6/)XQFWLRQDO05,ZHUHDOVRUHFRUGHGXVLQJWKH
VDPHEDE\SKRWRJUDSKV7KUHHZD\DQGWZRZD\$129$ZHUHSHUIRUPHG
IRUVWDWLVWLFDODQDO\VLV)LVKHU3/6'ZDVXVHGDVDSRVWKRFWHVWWRHVWLPDWH
VLJQL¿FDQFH7KH(WKLFV&RPPLWWHHRI.XUXPH8QLYHUVLW\DSSURYHG
WKHVWXG\:ULWWHQLQIRUPHGFRQVHQWZDVREWDLQHGIURPDOOVXEMHFWVSULRUWR
WKHVWXG\
5HVXOWV7KH3DPSOLWXGHZKHQYLHZLQJDSKRWRJUDSKRIDVPLOLQJEDE\
ZDVVPDOOHUWKDQWKDWZKHQYLHZLQJDFU\LQJIRUKHDOWK\VXEMHFWV+RZHYHU
WKH3DPSOLWXGHZKHQYLHZLQJDVPLOLQJEDE\ZDVVLPLODU WR WKDW WKDW
ZKHQYLHZLQJDFU\LQJEDE\IRUSDWLHQWV8VLQJWKHH[SORUDWRU\H\HPRYH
PHQWVWKH7(6/ZKHQYLHZLQJDVPLOLQJEDE\ZDVORQJHUWKDQWKDWZKHQ
YLHZLQJDFU\LQJIRUKHDOWK\VXEMHFWV+RZHYHUWKH7(6/ZKHQYLHZLQJRI
DVPLOLQJEDE\ZDVVKRUWHUWKDWWKDWZKHQYLHZLQJDFU\LQJEDE\IRUSDWLHQWV
$FWLYDWLRQRII05,DURXQGDP\JGDUDDUHDZDVREVHUYHGLQKHDOWK\VXEMHFWV
ZKHQYLHZLQJDFU\LQJEDE\EXWDVPLOLQJEDE\DFWLYDWHGDP\JGDUDDUHDLQ
SDWLHQWV
&RQFOXVLRQV7KHVH UHVXOWV LQGLFDWH WKDWSDWLHQWVZLWK VFKL]RSKUHQLDKDYH
FRJQLWLYHLPSDLUPHQWDQGWKDW(53V((0VDQGI05,DUHDPDUNHUXVHIXO
IRUHYDOXDWLRQRISDWLHQWVZLWKVFKL]RSKUHQLD7KHVHGLIIHUHQFHVRI WKHHI
IHFWV RI IDFLDO DIIHFWLRQ RQ WKHVH LQYHVWLJDWLRQVPD\ UHÀHFW GLIIHUHQFHV LQ
LQIRUPDWLRQSURFHVVLQJUHVXOWLQJIURPHPRWLRQDOLQÀXHQFHVFDXVHGE\YLVXDO
DIIHFWLYHVWLPXOL
5HIHUHQFHV
%ODFNZRRG '  3 D VWDWH DQG D WUDLW PDUNHU LQ VFKL]RSKUHQLD
/DQFHW
0DWKDORQ'+)RUGQ-03IHIIHUEDXP$7UDLWDQGVWDWHDVSHFWVRI
3 DPSOLWXGH UHGXFWLRQ LQ VFKL]RSKUHQLD D UHWURVSHFWLYH ORQJLWXGLQDO
VWXG\%LRO3V\FKLDW
/DQJ 6)1HOVRQ&$&ROOLQV 3) (YHQWUHODWHG SRWHQWLDOV WR HPR
WLRQDODQGQHXWUDOVWLPXOL-&OLQ([S1HXURSV\FKRO
0DHGD+0RULWD.HWDO$PSOLWXGHDQGDUHDRI WKHDXGLWRU\3
UHFRUGHGZLWKH\HVRSHQUHÀHFWUHPLVVLRQRIVFKL]RSKUHQLD%LRO3V\FKLD
WU\
3ROLFK-3 LQFOLQLFDODSSOLFDWLRQ0HDQLQJPHWKRGDQGPHDV
XUHPHQW$P-((*7HFKQRO
<DPDPRWR00RULWD.:DVHGD<HWDO&KDQJHVLQDXGLWRU\3
ZLWK FOLQLFDO UHPLVVLRQ LQ VFKL]RSKUHQLD (IIHFWV RI IDFLDODIIHFW VWLPXOL
3V\FKLDWU\&OLQ1HXURVFL
32
9ROXPH/RVVLQ5LJKW67*LQ3V\FKRSDWK\(YLGHQFHIURPD
9%06WXG\
-UJHQ/0OOHU
'HSRI3V\FKLDWU\8QLYHUVLW\RI5HJHQVEXUJ*HUPDQ\
6XVDQQH*lQEHUJHU0RQLND6RPPHU.DWULQ'|KQHO
7DWMDQD:HEHU$UQH0D\*|UDQ+DMDN
2EMHFWLYHV5HVHDUFKRQQHXURELRORJ\RISV\FKRSDWK\SURYLGHVDFRQWH[W
ZLWKLQ ZKLFK WR VWXG\ YLROHQW DQG DQWLVRFLDO EHKDYLRU GH¿FLHQW HPRWLRQ
SURFHVVLQJDQGWKHQHXURORJ\RIPRUDOVDQGGHFLVLRQPDNLQJ5HFHQW)05,
VWXGLHV LQSDUWLFXODURQHPRWLRQSURFHVVLQJUHYHDOHGG\VIXQFWLRQDO IURQWR
WHPSRUDOQHWZRUNVLQSV\FKRSDWK\,QDGGLWLRQIURQWRWHPSRUDOYROXPHORVV
ZDVIRXQGLQSUHGH¿QHGUHJLRQV8SXQWLOQRZWKHUHLVQRREMHFWLYHZKROH
EUDLQLQYHVWLJDWLRQRQEUDLQYROXPHLQSV\FKRSDWK\:HXVHGDQLQYHVWLJDWRU
LQGHSHQGHQW DSSURDFK WR FRPSDUH EUDLQ YROXPHV LQ SV\FKRSDWK\ LQ FRP
SDULVRQWRFRQWUROV
0HWKRGV 7R DVVHVV ZKHWKHU SDUWLFLSDQWV ZLWK SV\FKRSDWK\ DFFRUGLQJ WR
+DUHCVSV\FKRSDWK\&KHFNOLVW±UHYLVHGYHUVLRQ3&/5VKRZDEQRUPDOL
WLHVLQEUDLQVWUXFWXUHZHXVHGYR[HOEDVHGPRUSKRPHWU\9%0DVRSKLV
WLFDWHG REMHFWLYH ZKROHEUDLQ LPDJLQJ WHFKQLTXH WR LQYHVWLJDWH VXEWOH
UHJLRQVSHFL¿FFKDQJHVLQJUH\DQGZKLWHPDWWHUE\DYHUDJLQJUHVXOWVDFURVV
WKHYROXQWHHUVIRUHQVLFLQSDWLHQWVZLWKKLJKSV\FKRSDWK\VFRUHV3&/5
!DQGFRQWUROV3&/5ZHUHLQYHVWLJDWHGXVLQJ9%09R[HO
EDVHGPDJQHWLFUHVRQDQFHLPDJLQJZDVXVHGLQRUGHUWRH[SORUHZKROHEUDLQ
YROXPHVYR[HOE\YR[HOXVLQJDQLQYHVWLJDWRULQGHSHQGHQWWHFKQLF
5HVXOWV9R[HOEDVHGPRUSKRPHWU\UHYHDOHGDKLJKVLJQL¿FDQWYROXPHORVV
LQSV\FKRSDWK\LQULJKWVXSHULRUWHPSRUDOJ\UXVSFRUU
&RQFOXVLRQV 7KLV LV WKH ¿UVW VWXG\ WR VKRZ LQ D REMHFWLYH ZKROH EUDLQ
LQYHVWLJDWLRQ WKDW SV\FKRSDWK\ LV DVVRFLDWHG ZLWK D YROXPH ORVV LQ ULJKW
VXSHULRU WHPSRUDO J\UXV 3UHIURQWDO YROXPH ORVV LQ SV\FKRSDWK\ FRXOG EH
FRQ¿UPHGZLWKORZHUVLJQL¿FDQFH7KHVH¿QGLQJVVXSSRUWDQHXURELRORJLFDO
DSSURDFK WRSV\FKRSDWK\ZLWKLQZKLFKULJKWVXSHULRU WHPSRUDOJ\UXV LVRI
PDMRULPSRUWDQFH
5HIHUHQFHV
0XHOOHU-/6RPPHU0HWDO$EQRUPDOLWLHVLQ(PRWLRQ3URFHVVLQJ
ZLWKLQ&RUWLFDODQG6XEFRUWLFDO5HJLRQVLQ&ULPLQDO3V\FKRSDWKV(YLGHQFH
IURP DQ I05, 6WXG\ XVLQJ 3LFWXUHVZLWK (PRWLRQDO &RQWHQWV %LRORJLFDO
3V\FKLDWU\
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,QFUHDVHG7KDODPLF9ROXPHVLQ0DOHVZLWK0DMRU'HSUHVVLYH
'LVRUGHU
0DU\33HJXHV
3V\FKLDWU\6HUYLFHDQG0DJQHWLF5HVRQDQFH8QLW6DQ)UDQFLVFR
9HWHUDQV$IIDLUV0HGLFDO&HQWHUDQGWKH'HSDUWPHQWVRI3V\FKLD
WU\DQG5DGLRORJ\8QLYHUVLW\RI&DOLIRUQLD6DQ)UDQFLVFR
'DULD3DVFD5D\PRQG)'HLFNHQ
2EMHFWLYHV$ UHFHQW VWXG\ RI QHXURQ QXPEHU LQ WKH OLPELF WKDODPXV RI
SDWLHQWVZLWKPDMRU GHSUHVVLRQ UHSRUWHG VLJQL¿FDQWO\PRUH QHXURQV LQ WKH
PHGLRGRUVDODQGDQWHURYHQWUDODQWHURPHGLDOWKDODPXVYVFRQ
WUROV7KHVWXG\DOVRUHSRUWHGWKDWPHDQWRWDOWKDODPLFYROXPHZDV
JUHDWHULQWKHGHSUHVVHGJURXSYHUVXVFRQWUROVDOWKRXJKWKHGLIIHUHQFHZDV
QRWVLJQL¿FDQW*LYHQWKHVH¿QGLQJVZHK\SRWKHVL]HGWKDWWKDODPLFYROXPHV
ZRXOG EH JUHDWHU LQ SDWLHQWV ZLWKPDMRU GHSUHVVLYH GLVRUGHU YV FRQWUROV
%HFDXVHWKHWKDODPXVLVSDUWRIIURQWROLPELFVXEFRUWLFDOFLUFXLWVLPSRUWDQW
LQPRRGUHJXODWLRQZHDOVRK\SRWKHVL]HGWKDWWKDODPLFYROXPHVZRXOGEH
FRUUHODWHGZLWKYROXPHVRI WKHGRUVRODWHUDOSUHIURQWDOFRUWH['/3)&LQ
ERWKJURXSV7RDYRLGWKHFRQIRXQGVRIJHQGHUDQGFOLQLFDOVWDWHGHSHQGHQW
FKDQJHVRQYROXPHWULFPHDVXUHVWKLVVWXG\H[DPLQHGRQO\HXWK\PLFPDOH
SDWLHQWVZLWKPDMRUGHSUHVVLRQ
0HWKRGV PDOH FRQWUROV DQGPDOH SDWLHQWV XQGHUZHQW05, 6WXGLHV
ZHUH SHUIRUPHG RQ D 7 6LHPHQV9,6,2105,056 V\VWHP05, VH
TXHQFHVLQFOXGHG7ZHLJKWHGVFRXWYLHZVLQWKHVDJLWWDOFRURQDODQG
D[LDO SODQHV IRU SRVLWLRQLQJ05, DQG056, VOLFHV $[LDO7ZHLJKWHG
LPDJHVIURPGRXEOHVSLQHFKR'6(757(7( PVUHVR
OXWLRQ[PPUHVROXWLRQPPVOLFHWKLFNQHVVRULHQWHGGHJUHHV
RIIWKHSODQXPVSKHQRLGDOH&RURQDO7ZHLJKWHGLPDJHVIURP'03
5$*(757,7( PVUHVROXWLRQ[PPUHVROXWLRQPP
.%52/)-!').'¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
VOLFH WKLFNQHVVRULHQWHGSHUSHQGLFXODU WR WKH'6(4XDQWLWDWLYH WKDODPLF
DQG'/3)&YROXPLQJZDVSHUIRUPHGE\DVLQJOHRSHUDWRUXVLQJ LQKRXVH
VRIWZDUH
5HVXOWV5HSHDWHGPHDVXUHV$129$ LQGLFDWHG WKDW WKHUHZDV D WUHQG IRU
WKDODPLFYROXPHVWREHODUJHULQGHSUHVVHGPDOHVWKDQLQFRQWUROVS 
)XUWKHUDQDO\VLVLQGLFDWHGWKDWZLWKDODUJHUVDPSOHWKLVGLIIHUHQFHEHWZHHQ
WKDODPLFYROXPHVLQWKHWZRJURXSVZRXOGEHFRPHVLJQL¿FDQW(6 
ULJKW WKDODPXV DQG (6   OHIW WKDODPXV:H DOVR QRWHG D ODWHUDOL]HG
DV\PPHWU\ULJKWWKDODPXVJUHDWHUWKDQOHIWWKDODPXVS DPRQJWKH
WZRJURXSV7KHUHZDVQRGLIIHUHQFHLQ'/3)&YROXPHVEHWZHHQWKHWZR
JURXSV:HGLG¿QGKRZHYHU D VLJQL¿FDQW FRUUHODWLRQEHWZHHQ ULJKW WKD
ODPLFYROXPHVDQGULJKW'/3)&YROXPHVLQWKHFRQWUROV5 S 
7KHUHZDVQRFRUUHODWLRQEHWZHHQ ULJKWRU OHIW WKDODPLFYROXPHPHDVXUHV
DQGULJKWRUOHIW'/3)&YROXPHVLQWKHGHSUHVVHGSDWLHQWV
&RQFOXVLRQV2XU¿QGLQJVUHSOLFDWHWKH¿QGLQJVE\<RXQJHWDORILQFUHDVHG
WKDODPLFYROXPHVLQDVXEJURXSRISDWLHQWVZLWKPDMRUGHSUHVVLRQDQGSUR
YLGHVXSSRUWIRUWKHWKHRU\WKDWPRRGUHJXODWRU\FLUFXLWVPD\EHGLVUXSWHG
LQWKHGLVHDVH%HFDXVHPRVWRIWKHSDWLHQWVLQWKLVVWXG\ZHUHWDNLQJDQWL
GHSUHVVDQWVLWLVSRVVLEOHWKDWWKHLQFUHDVHLQWKDODPLFYROXPHVLVDPHGLFD
WLRQHIIHFW,WLVQRWNQRZQZKHWKHUWKHWKDODPXVLVDVLWHRIDQWLGHSUHVVDQW
LQGXFHGQHXURJHQHVLVLQKXPDQV
5HIHUHQFHV
<RXQJ.$+ROFRPE/$<D]GDQL8+LFNV3%*HUPDQ'&
(OHYDWHGQHXURQQXPEHULQWKHOLPELFWKDODPXVLQPDMRUGHSUHVVLRQ$P-
3V\FKLDWU\
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,QFUHDVHG3XWDPHQ9ROXPHVLQ0DOHVZLWK0DMRU'HSUHVVLYH
'LVRUGHU
0DU\33HJXHV
3V\FKLDWU\6HUYLFHDQG0DJQHWLF5HVRQDQFH8QLW6DQ)UDQFLVFR
9HWHUDQV$IIDLUV0HGLFDO&HQWHUDQGWKH'HSDUWPHQWVRI3V\FKLD
WU\DQG5DGLRORJ\8QLYHUVLW\RI&DOLIRUQLD6DQ)UDQFLVFR86$
'DYLG'HOOPDQ'DULD3DVFD5D\PRQG)'HLFNHQ
2EMHFWLYHV7RGHWHUPLQHLIWKHUHDUHYROXPHWULFGLIIHUHQFHVLQWKHFDXGDWH
DQGSXWDPHQLQDJURXSRIPDOHGHSUHVVHGVXEMHFWVDQGFRQWUROVDQGDJURXS
RIIHPDOHGHSUHVVHGVXEMHFWVDQGFRQWUROVDQGWRIXUWKHUGHWHUPLQHLIWKHSDW
WHUQRIYROXPHWULFGLIIHUHQFHVLIDQ\REVHUYHGLQWKHVWUXFWXUHVRILQWHUHVW
GLIIHUEHWZHHQPDOHVDQGIHPDOHVZLWKPDMRUGHSUHVVLRQ
0HWKRGV PDOH FRQWUROV  IHPDOH FRQWUROV PDOH SDWLHQWV DQG 
IHPDOHSDWLHQWVXQGHUZHQW05,6WXGLHVZHUHSHUIRUPHGRQD76LHPHQV
9,6,2105,056V\VWHP05,VHTXHQFHVLQFOXGHG7ZHLJKWHGVFRXW
YLHZV LQ WKH VDJLWWDO FRURQDO DQG D[LDO SODQHV IRU SRVLWLRQLQJ05, DQG
056, VOLFHV $[LDO7ZHLJKWHG LPDJHV IURPGRXEOH VSLQ HFKR '6(
757(7(   PV UHVROXWLRQ  [ PP UHVROXWLRQ PP
VOLFHWKLFNQHVVRULHQWHGGHJUHHVRIIWKHSODQXPVSKHQRLGDOH&RURQDO
7ZHLJKWHGLPDJHVIURP'035$*(757,7( PVUHVROX
WLRQ[PPUHVROXWLRQPPVOLFHWKLFNQHVVRULHQWHGSHUSHQGLFXODU
WRWKH'6(4XDQWLWDWLYHFDXGDWHDQGSXWDPHQYROXPLQJZDVSHUIRUPHGE\
DVLQJOHRSHUDWRUXVLQJLQKRXVHVRIWZDUH
5HVXOWV3XWDPHQYROXPHVZHUHVLJQL¿FDQWO\KLJKHUS LQGHSUHVVHG
PDOHV WKDQ FRQWUROV 7KHUH ZDV DOVR D VLJQL¿FDQW ODWHUDOL]HG DV\PPHWU\
ULJKWSXWDPHQJUHDWHUWKDQOHIWSXWDPHQS LQWKHPDOHV3XWDPHQ
YROXPHV LQ WKH IHPDOHV ZHUH QRW VLJQL¿FDQWO\ GLIIHUHQW EHWZHHQ WKH WZR
JURXSV EXW PHDQ OHIW SXWDPHQ YROXPH ZDV VOLJKWO\ JUHDWHU LQ GHSUHVVHG
IHPDOHV WKDQ FRQWUROV 7KHUH ZDV QR ODWHUDOL]HG DV\PPHWU\ LQ SXWDPHQ
YROXPHV QRWHG IRU WKH IHPDOHV /HIW DQG ULJKWPHDQ FDXGDWH YROXPHZDV
KLJKHULQGHSUHVVHGPDOHVWKDQPDOHFRQWUROVEXWWKHGLIIHUHQFHZDVQRWVLJ
QL¿FDQW/HIWDQGULJKWPHDQFDXGDWHYROXPHZDVKLJKHULQIHPDOHFRQWUROV
WKDQGHSUHVVHGIHPDOHVEXWQRWVLJQL¿FDQWO\VR7KHUHZDVDVLJQL¿FDQWS
ODWHUDOL]HGDV\PPHWU\LQWKHFDXGDWHULJKWJUHDWHUWKDQOHIWLQDOO
IRXUJURXSV
&RQFOXVLRQV7KLV VWXG\ LQGLFDWHV WKDW SXWDPHQYROXPHV DUH VLJQL¿FDQWO\
JUHDWHULQFHUWDLQVXEJURXSVRIPDOHVZLWKGHSUHVVLRQWKDQLQPDOHFRQWUROV
7KLVGLIIHUHQFHZDVQRWREVHUYHGLQIHPDOHVDOWKRXJKWKHOHIWPHDQSXWDPHQ
YROXPHLQWKHGHSUHVVHGIHPDOHVZDVVOLJKWO\EXWQRWVLJQL¿FDQWO\KLJKHU
WKDQLQFRQWUROV7KHVHGLIIHUHQFHVZHUHQRWREVHUYHGZLWKUHVSHFWWRFDXGDWH
YROXPHVLQHLWKHUPDOHVRUIHPDOHVXEMHFWVDOWKRXJKPHDQFDXGDWHYROXPH
ZDV VOLJKWO\ EXW QRW VLJQL¿FDQWO\ KLJKHU LQ GHSUHVVHG PDOHV DQG IHPDOH
FRQWUROV7KHVH UHVXOWV LQGLFDWH WKDW WKHSDWKRSKV\VLRORJLFDOSURFHVVHVXQ
GHUO\LQJPDMRUGHSUHVVLRQLQWZRNH\VWUXFWXUHVLQYROYHGLQPRRGUHJXODWLRQ
PD\EHGLIIHUHQWERWKZLWKLQDQGEHWZHHQWKHVH[HV
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0HGLDO7HPSRUDO9ROXPH5HGXFWLRQDVD9XOQHUDELOLW\0DUNHU
IRU6FKL]RSKUHQLD
0LFKLR6X]XNL
7R\DPD0HGLFDODQG3KDUPDFHXWLFDO8QLYHUVLW\-DSDQ
+LURIXPL+DJLQR/LVKD1LX6KL<X=KRX7VXWRPX7DNDKDVKL
<DVXKLUR.DZDVDNL0LH0DWVXL0DVD\RVKL.XUDFKL
2EMHFWLYHV&RPPRQDEQRUPDOLWLHVZLWKLQWKHVFKL]RSKUHQLDVSHFWUXPPD\
EHHVVHQWLDOIRUWKHSDWKRJHQHVLVRIVFKL]RSKUHQLDEXWDGGLWLRQDOSDWKRORJL
FDOFKDQJHVPD\EHUHTXLUHGIRUWKHGHYHORSPHQWRIIXOOEORZQVFKL]RSKUH
QLD &ODULI\LQJ WKH QHXURELRORJLFDO VLPLODULWLHV DQG GLIIHUHQFHV EHWZHHQ
HVWDEOLVKHG VFKL]RSKUHQLD DQG D PLOGHU IRUP RI VFKL]RSKUHQLDVSHFWUXP
GLVRUGHUVXFKDVVFKL]RW\SDOSHUVRQDOLW\GLVRUGHUZRXOGSRWHQWLDOO\GLV
FULPLQDWHWKHSDWKRSK\VLRORJLFDOPHFKDQLVPVXQGHUO\LQJWKHFRUHIHDWXUHV
RIWKHVFKL]RSKUHQLDVSHFWUXPIURPWKRVHDVVRFLDWHGZLWKRYHUWSV\FKRVLV
7KHKLSSRFDPSDOIRUPDWLRQLVRQHRIWKHPDMRUVWUXFWXUHVWKDWKDYHUHFHLYHG
WKHPRVWDWWHQWLRQLQVHDUFKIRUWKHQHXUDOVXEVWUDWHRIVFKL]RSKUHQLD6OLJKW
EXW VLJQL¿FDQWYROXPH UHGXFWLRQV LQ WKHDP\JGDODDQGKLSSRFDPSXVKDYH
EHHQUHSRUWHGLQDQXPEHURIYROXPHWULFPDJQHWLFUHVRQDQFHLPDJLQJ05,
VWXGLHVRIVFKL]RSKUHQLD+RZHYHU WKHUHKDYHEHHQ OLWWOH05,VWXGLHV WKDW
LQYHVWLJDWHGWKHPHGLDOWHPSRUDOYROXPHLQVFKL]RW\SDOVXEMHFWV
0HWKRGV +LJKUHVROXWLRQ 05 LPDJHV ZHUH DFTXLUHG IURP  SDWLHQWV
ZLWKVFKL]RW\SDOGLVRUGHU,&'SDWLHQWVZLWKVFKL]RSKUHQLDDQG
KHDOWK\YROXQWHHUVPDWFKHGIRUDJHJHQGHUKDQGHGQHVVDQGSDUHQWDOHGXFD
WLRQ9ROXPHWULFPHDVXUHPHQWVRIWKHPHGLDOWHPSRUDOVWUXFWXUHVLQFOXGLQJ
WKH DP\JGDOD KLSSRFDPSXV DQG SDUDKLSSRFDPSDO J\UXVZHUH SHUIRUPHG
XVLQJFRQVHFXWLYHPPWKLFNFRURQDOVOLFHV
5HVXOWV&RPSDUHGZLWKWKHFRQWUROVWKHELODWHUDOYROXPHVRIWKHDP\JGDOD
DQG WKH KLSSRFDPSXVZHUH UHGXFHG ERWK LQ WKH SDWLHQWV ZLWK VFKL]RW\SDO
GLVRUGHUDQGWKHSDWLHQWVZLWKVFKL]RSKUHQLD7KHUHZDVQRVLJQL¿FDQWGLI
IHUHQFH LQ WKH YROXPH RI WKH DP\JGDOD DQG KLSSRFDPSXV EHWZHHQ WKH
VFKL]RW\SDODQGVFKL]RSKUHQLDSDWLHQWV7KHSDUDKLSSRFDPSDOJ\UXVYROXPH
GLGQRWGLIIHUVLJQL¿FDQWO\EHWZHHQGLDJQRVWLFJURXSV
&RQFOXVLRQV 7KHVH ¿QGLQJV VXJJHVW WKDW YROXPH UHGXFWLRQV LQ WKH DP\
JGDOD DQGKLSSRFDPSXV DUH WKH FRPPRQPRUSKRORJLFDO VXEVWUDWHV IRU WKH
VFKL]RSKUHQLDVSHFWUXPZKLFKSUHVXPDEO\UHSUHVHQWWKHYXOQHUDELOLW\
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)XUWKHU$QDO\VLVRI5HJLRQDO&HUHEUDO%ORRG)ORZLQ
6FKL]RSKUHQLD
7RPRDNL<XNL]DQH
7RN\R0HGLFDODQG'HQWDO8QLYHUVLW\*UDGXDWH6FKRRO-DSDQ
+LURVKL$UDNDNL.D]XQDUL2VKLPD+LURVKL0DWVXGD
6HLLFKL+DQDPXUD7RUX1LVKLNDZD
2EMHFWLYHV7RIXUWKHUHYDOXDWHWKHUHODWLRQVKLSEHWZHHQEUDLQDFWLYLWLHVDQG
VFKL]RSKUHQLF V\PSWRPV ZH KDYH FRPSDUHG WKH UHJLRQDO FHUHEUDO EORRG
ÀRZU&%)GHWHUPLQHGE\VLQJOHSKRWRQHPLVVLRQFRPSXWHGWRPRJUDSK\
63(&7ZLWKWKHUDWLQJRIWKHRYHUDOOSRVLWLYHDQGQHJDWLYHV\PSWRPVLQ
WKHSDWLHQWVZLWKVFKL]RSKUHQLDXVLQJDQHZYHUVLRQRIWKHVWDWLVWLFDOSDUD
PHWULFPDSSLQJ630
0HWKRGV 7KLUW\ LQSDWLHQWV ZLWK VFKL]RSKUHQLD GLDJQRVHG DFFRUGLQJ WR
'60,9FULWHULDZHUHH[DPLQHGZLWKP7FHWK\OF\VWHLQDWHGLPHU(&'
63(&7&OLQLFDOV\PSWRPVZHUHDVVHVVHGXVLQJWKHLWHPV%ULHI3V\FKL
DWULF5DWLQJ6FDOH%356WKH6FDOHIRUWKH$VVHVVPHQWRI3RVLWLYH6\PS
WRPV6$36DQGWKH6FDOHIRUWKH$VVHVVPHQWRIWKH1HJDWLYH6\PSWRPV
6$16 &RYDULDWH DQDO\VLV ZDV XQGHUWDNHQ RQ WKH VWDQGDUGL]HG LPDJHV
WDNLQJWKHWRWDOVFRUHRI%3566$36DQG6$16DVYDULDEOHE\6307KH
WKUHVKROGIRUWKHVWDWLVWLFDODQDO\VLVZDVSLQFOXVWHUOHYHO
5HVXOWV7KHWRWDOVFRUHVRI6$16ZHUHQHJDWLYHO\FRUUHODWHGZLWKWKHUDWHV
RIEORRGÀRZ LQ WKH OHIW LQIHULRUSDULHWDO OREXOH VXSUDPDUJLQDOJ\UXVDQG
DQJXODU J\UXV%URGPDQQ DUHDV%$ DQG%$ WKH OHIW WHPSRUDO OREH
VXSHULRU WHPSRUDO J\UXV LQFOXGLQJ %$ DQG %$ 3  DQG WKH
OHIWSDUDKLSSRFDPSDOJ\UXV %$ 3 6$36 WRWDO VFRUHV VKRZHG
DQHJDWLYHFRUUHODWLRQZLWKWKHEUDLQSHUIXVLRQUDWHVLQWKHOHIWIURQWDOOREH
.%52/)-!').'¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
%$3 DQG WKH ULJKW IURQWDO OREH%$ 37KHUHZDV
DQLQYHUVHFRUUHODWLRQEHWZHHQWKHWRWDOVFRUHVRI%356DQGWKHEORRGÀRZ
UDWHVLQWKHOHIWSDUDKLSSRFDPSDOJ\UXV%$3 
&RQFOXVLRQV7KH SUHVHQW ¿QGLQJV VXSSRUW WKH SUHYLRXV YLHZ WKDW WKH UH
GXFHGDFWLYLW\LQWKHOHIWSDULHWDOWHPSRUDODQGSDUDKLSSRFDPSDODUHDVPD\
EH LQYROYHG LQ WKH SDWKRSK\VLRORJ\ RI VFKL]RSKUHQLF QHJDWLYH V\PSWRPV
DQGSURSRVHWKHSRVVLEOHFRQWULEXWLRQRIWKHGH¿FLWVRIWKH%$DQG%$
WRWKHH[SUHVVLRQRIVFKL]RSKUHQLFSRVLWLYHV\PSWRPV7KHVLJQL¿FDQWUHOD
WLRQVKLSEHWZHHQWKHRYHUDOOVHYHULW\RIWKHSV\FKRVLVDQGWKHK\SRSHUIXVLRQ
LQWKHSDUDKLSSRFDPSDOJ\UXVWKHUHIRUHPLJKWFKLHÀ\GHSHQGRQWKHGHJUHH
RIWKHQHJDWLYHV\PSWRPV
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9ROXPHWU\DQG'LIIXVLRQ$QLVRWURS\LQ3DWLHQWVZLWKDQG
ZLWKRXW$XGLWRU\+DOOXFLQDWLRQV
7KRPDV.RHQLJ
8QLYHUVLW\+RVSLWDORI&OLQLFDO3V\FKLDWU\%HUQ6ZLW]HUODQG
'DQLHOD+XEO9pUqQH&KDXYLQ0DUNXV=HOOHU:HUQHU6WULN
7KRPDV'LHUNV
2EMHFWLYHV)XQFWLRQDOQHXURLPDJLQJVWXGLHVVKRZHGWKDWWKHSULPDU\DXGL
WRU\FRUWH[LQ+HVFKO¶VJ\UXV+*LVDFWLYHGXULQJDXGLWRU\KDOOXFLQDWLRQV
$+)XUWKHUPRUHDOWHUHGVWUXFWXUDOFRQQHFWLYLW\EHWZHHQODQJXDJHUHODWHG
DQGDXGLWRU\UHJLRQVLQSDWLHQWVSURQHWR$+ZDVUHSRUWHG:HK\SRWKHVL]HG
WKDWWKHVHREVHUYDWLRQVPD\DOVRUHODWHWRYROXPHWULFFKDQJHVLQWKHLQYROYHG
UHJLRQV
0HWKRGV $  7HVOD 05 VFDQQHU ZDV XVHG WR DFTXLUH KLJK UHVROXWLRQ
DQDWRPLFDODQGGLIIXVLRQZHLJKWHG'GDWD'DWDZHUHFROOHFWHGIRUSD
WLHQWVSURQHWR$+SDWLHQWVZLWKRXW$+DQGKHDOWK\FRQWUROVXEMHFWV
6HJPHQWDWLRQRI OHIWDQGULJKW+*ZDVFRQGXFWHGIRU WRWDO+*YROXPHDV
ZHOODVIRUJUH\DQGZKLWHPDWWHU*0:0YROXPHVHSDUDWHO\7RFRPSXWH
UHODWLYHYROXPHVWRWDOEUDLQYROXPHZDVDOVRDVVHVVHG0HDQ:0GLIIXVLRQ
DQLVRWURS\ZDVDOVRFRPSXWHGIRUHDFKVXEYROXPH
5HVXOWV1R GLIIHUHQFHV IRU WRWDO OHIW RU ULJKWKHPLVSKHULF EUDLQ YROXPH
:0*0ZHUH REVHUYHG+LJKHU YDULDELOLW\ RI+* GRXEOHG WUDQVYHUVH
J\UXVLQWKHULJKWKHPLVSKHUHFRPSDUHGWRWKHOHIWKHPLVSKHUHZDVSUHVHQW
LQ DOO JURXSV /HIW +*ZDV ODUJHU WKDQ ULJKW +* LQ KHDOWK\ FRQWUROV DQG
SDWLHQWV ZLWKRXW$+ ,Q WKH KDOOXFLQDWLQJ JURXS WKLV DV\PPHWU\ ZDV QRW
IRXQG5HODWLYH ODUJHU ULJKW KHPLVSKHULF+*YROXPHV LQ$+ZHUH GXH WR
KLJKHU:0YROXPHV
&RQFOXVLRQV &RPSDUHG WR KHDOWK\ FRQWUROV SDWLHQWV ZLWKRXW$+ H[KLELW
FRPSDUDEOH IHDWXUHV FRQFHUQLQJJURVV VWUXFWXUH:0DQG*0YROXPHRI
+*3DWLHQWVZLWKKDOOXFLQDWLRQVNQRZQWRKDYHIXQFWLRQDODOWHUDWLRQLQ+*
GXULQJ$+VKRZDKLJKHUULJKW:0YROXPHRI+*
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3RVWHU6HVVLRQ1R
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)XQFWLRQDO(YHQW5HODWHG1HDU,QIUDUHG6SHFWURVFRS\I1,56
$QGUHDV-)DOOJDWWHU
'HSWIRU3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\RI:XHU]EXUJ
*HUPDQ\
003OLFKWD$&(KOLV005LFKWHU&*%DHKQH
0-+HUUPDQQ
2EMHFWLYHV 7R LQYHVWLJDWH WKH UHJLRQDO VSHFL¿W\ DQG VXLWDELOLW\ RIPXOWL
FKDQQHO 1HDU,QIUDUHG 6SHFWURVFRS\ I1,56 LQ WKH GHWHFWLRQ RI FRUWLFDO
DFWLYDWLRQ
0HWKRGV 0XOWLFKDQQHO I1,56 ZDV DSSOLHG WR PHDVXUH EUDLQ DFWLYDWLRQ
GXULQJYLVXDODXGLWRU\DQGPRWRUWDVNV
5HVXOWV $QDO\VHV GHPRQVWUDWH LVRODWHG DQG UHJLRQDO VSHFL¿F DFWLYDWLRQV
LQWKHDVVXPHGDUHDVHYRNHGE\VWLPXODWLRQZKHUHDVRWKHUUHJLRQVH[KLELW
OLWWOHRUQRDFWLYDWLRQ7KHREVHUYDWLRQRIDQH[WHQVLYHFRUWLFDODUHDE\PXOWL
FKDQQHOPHDVXUHPHQWVPDGHLWSRVVLEOHWRGHWHFWDVPDOODPRXQWRIORFDOO\
XQH[SHFWHGDFWLYDWLRQGXULQJWKHPRWRUWDVN
&RQFOXVLRQV&RQVLGHULQJWKHUHJLRQDOVSHFL¿FLW\ WKHUHVXOWVFRQWULEXWH WR
WKHFUHGLELOLW\DQGWKHDGHTXDF\RILQWHUSUHWDWLRQVGUDZQIURPHYHQWUHODWHG
I1,56PHDVXUHPHQWV7RHQVXUHIXUWKHUTXDOLW\IDFWRUVIXWXUHVWXGLHVVKRXOG
LQYHVWLJDWHWKHUHOLDELOLW\RII1,56PHDVXUHPHQWVLQERWKSK\VLRORJLFDODQG
SV\FKRORJLFDOWDVNV
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3UHIURQWDO'\VIXQFWLRQLQ6FKL]RSKUHQLDVDV$VVHVVHGZLWK
1HDU,QIUDUHG6SHFWURVFRS\1,56
$QGUHDV-)DOOJDWWHU
'HSWIRU3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\RI:XHU]EXUJ
*HUPDQ\
003OLFKWD0-+HUUPDQQ005LFKWHU&*%DHKQH
$&(KOLV
2EMHFWLYHV,QSDUWLFXODUSUHIURQWDOEUDLQDUHDVDUHVXSSRVHGWREHG\VIXQF
WLRQDO LQSDWLHQWVZLWKVFKL]RSKUHQLFGLVHDVHV1HDU,QIUDUHG6SHFWURVFRS\
1,56LVDQHZQRQLQYDVLYHRSWLFDOPHWKRGWRLQYHVWLJDWHFRUWLFDOEUDLQ
IXQFWLRQ
0HWKRGV1,56ZDVDSSOLHGWRPHDVXUHEUDLQDFWLYDWLRQLQVFKL]RSKUHQLF
SDWLHQWVDQGLQDJHDQGJHQGHUPDWFKHGKHDOWK\FRQWUROVGXULQJD9HUEDO
)OXHQF\7HVW9)77KLVWHVW LVVXSSRVHGWRDFWLYDWHSDUWLFXODUO\GRUVROD
WHUDOSUHIURQWDOEUDLQDUHDVRIWKHGRPLQDQWKHPLVSKHUH
5HVXOWV$QDO\VHVGHPRQVWUDWHDFOHDUDFWLYDWLRQSDWWHUQRI WKH OHIWGRUVR
ODWHUDOSUHIURQWDOFRUWH[LQKHDOWK\FRQWUROVGXULQJSHUIRUPDQFHRIWKH9)7
ZKLFKZDVVLJQL¿FDQWO\GLPLQLVKHGLQVFKL]RSKUHQLFSDWLHQWV
&RQFOXVLRQV7KH¿QGLQJVDUHZHOOLQOLQHZLWKRWKHUQHXURLPDJLQJVWXGLHV
LQGLFDWLQJG\VIXQFWLRQRI WKHGRUVRODWHUDO SUHIURQWDO FRUWH[ LQ VFKL]RSKUH
QLDV,QFRPSDULVRQWRRWKHUEUDLQLPDJLQJPHWKRGV1,56KDVFOHDUDGYDQ
WDJHVLQWKHLQYHVWLJDWLRQRISV\FKLDWULFSDWLHQWVDVWKHPHWKRGLVDEVROXWHO\
QRQLQYDVLYHUREXVWDJDLQVWPRYHPHQWDUWHIDFWVDQGGRHVQRWUHTXLUHDORXG
DQGQDUURZVXUURXQGLQJ
32
&OR]DSLQH5LVSHULGRQH&RPELQDWLRQLQWKH7UHDWPHQWRI
6FKL]RSKUHQLD
0HUL-DNRYFHYVND.XMXQG]LVND
3V\FKLDWULF+RVSLWDO6NRSMH±6NRSMH5HSXEOLFRI0DFHGRQLD
9LOPD/D]DURYD9LROHWD)LORYVND
2EMHFWLYHV&OR]DSLQH/(321(;UHSUHVHQWV³JRRGVWDQGDUG´WKHUDS\IRU
WUHDWPHQW±UHVLVWDQWVFKL]RSKUHQLD,QFDVHVZKHUHWKHWROHUDELOLW\DQGHI
¿FDF\RI&OR]DSLQHKDVOLPLWHGFRPELQHGWKHUDS\RI&OR]DSLQH5LVSHULGRQH
KDVEHHQVKRZQ WREHHIIHFWLYH7KHSXUSRVHRI WKLVRSHQ ODEHOQRQUDQG
RPL]HGPRQWKVUHWURVSHFWLYHWULDOZDVWRHYDOXDWHHI¿FDF\DQGVDIHW\RI
DXJPHQWLF\&OR]DSLQHZLWK5LVSHULGRQHLQSDWLHQWZLWKWUHDWPHQW±UHVLVWDQW
VFKL]RSKUHQLD
0HWKRGV7ZHQW\ WZRVFKL]RSKUHQLF,&' WUHDWPHQWUHVLVWDQWSDWLHQWV
ZHUH WUHDWHG ZLWK FRPELQHG WKHUDS\ RI &OR]DSLQH5LVSHULGRQH 3UHYLRXV
WKHUDS\ZLWK&OR]DSLQHZDVOLPLWHGGXHWRLQWROHUDQFHLQVLGHHIIHFWVSDUWLDO
UHVSRQVHLQWKHUDS\DQGQRQFRPSOLDQFH'RVHVRI&OR]DSLQHZHUHJUDGXDOO\
ORZHUHG WRPJGDLO\DQG5LVSHULGRQHZDVDGGHG WRPJGD\3DWLHQWV
SV\FKRSDWKRORJLHV ZHUH DVVHVVHGPRQWKO\ XVLQJ 3$166 WRWDO VFRUH 5H
VSRQVHZDVGH¿QHGDVDOHDVWUHGXFWLRQLQWRWDO3$166VFRUH2YHUDOO
WKHUDSHXWLFHI¿FDF\ZDVDVVHVVHGE\ WKH&OLQLFDO*OREDO,PSUHVVLRQ6FDOH
&*,6DIHW\PHDVXUHVLQFOXGHGDGYHUVHHYHQWVYLWDOVLJQVODERUDWRU\WHVWV
FOLQLFDOFKHPLVWU\DQGH[WUDS\UDPLGDOV\PSWRPVDVPHDVXUHGE\WKH6$6
DQG$,06
5HVXOWV &OR]DSLQH5LVSHULGRQH WUHDWPHQW ZDV DVVRFLDWHG ZLWK D PDUNHG
PHDQ UHGXFWLRQ LQ3$166 WRWDO VFRUH SULPDU\HQGSRLQW  ,Q
WKH RYHUDOO LPSURYHPHQW UDWLQJ  RI WKH SDWLHQWV ZHUH DW OHDVW PRGHU
DWHO\ LPSURYHG 0RVW IUHTXHQWO\ UHSRUWHG DGYHUVH HYHQWV ZHUH VHGDWLRQ
K\SRWHQVLRQWDFK\FDUGLDPRVWRIZKLFKZHUHPLOGWRPRGHUDWHLQLQWHQVLW\
DQG WUDQVLWRU\&OR]DSLQH5LVSHULGRQH WUHDWPHQW GLG QRW LQGXFH DGGLWLRQDO
ZHLJKWJDLQDJUDQXORF\WRVLVRUVHL]XUHV&OLQLFDOUHOHYDQWPRWRUVLGHHIIHFWV
ZHUHQRWLFHGLQRQO\RQHSDWLHQW7KHUHZHUHQRFOLQLFDOO\LPSRUWDQWFKDQJHV
LQKHPDWRORJ\RUFOLQLFDOFKHPLVWU\ WHVWV1RQFRPSOLDQFHZDVQRWLFHG LQ
WZRSDWLHQWV
&RQFOXVLRQV7KHUHVXOWVRIWKLVUHWURVSHFWLYHVWXG\VXSSRUWWKHVDIHW\WROHU
DELOLW\DQGHI¿FDF\RI&OR]DSLQH5LVSHULGRQHFRPELQHGWKHUDS\$XJPHQWD
WLRQRI&OR]DSLQHZLWK5LVSHULGRQHPD\SURYLGHDGGLWLRQDOFOLQLFDOEHQH¿W
.%52/)-!').'¬¬039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
IRUSDWLHQWVZKRDUHQRQUHVSRQVLYHRURQO\SDUWLDOO\UHVSRQVLYHWR&OR]DSLQH
DORQH7KLVFRPELQHGWKHUDS\VHHPVWREHVDIHDQHI¿FLHQWWUHDWPHQWVWUDWHJ\
ZKLFK ORZHUV WKH RFFXUUHQFHRI WKH VLGH HIIHFWVZKLW&OR]DSLQH WUHDWPHQW
DQGLPSURYHVFRPSOLDQFH7KLVPLJKWEHGXHWRDGGLWLYHHIIHFWVRIWKHWZR
GUXJVDQGRUPHWDEROLFLQWHUDFWLRQ
5HIHUHQFHV
'LHWHU1DEHU0'³2SWLPL]LQJ&OR]DSLQH7UHDWPHQW´&OLQ3V\FKLDWU\
VXSS
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(IILFDF\RI*HQHULF5LVSHULGRQHLQ6FKL]RSKUHQLDDQG2WKHU
3V\FKRVHV
$EGXODK.XFXNDOLF
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\0HGLFDO&HQWHU6DUMHYR
%RVQLDDQG+HU]HJRYLQD
$OPD%UDYR0HKPHGEDãLF6DLGD)LãHNRYLF
'XEUDYND6DOFLF'L]GDUHYLF$OPD'åXEXU.XOHQRYLF
2EMHFWLYHV 7KH DLP RI WKLV VWXG\ZDV WR HVWDEOLVK WKH HIIHFWLYHQHVV DQG
VDIHW\RIULVSHULGRQH5LVVHWLQSDWLHQWVZLWKDFXWHRUFKURQLFVFKL]RSKUHQLF
RURWKHUUHODWHGSV\FKRVLV6WXG\ZDVGHVLJQHGIRUZHHNRSHQODEHOÀH[
LEOHGRVHREVHUYDWLRQDOVWXG\
6XEMHFWVDQG0HWKRGVSDWLHQWVERWKJHQGHUVDJHG\HDUVZLWKGL
DJQRVHGYDULRXVW\SHVRIVFKL]RSKUHQLFSV\FKRVLVZHUHHQUROOHGLQWKHVWXG\
DV RXWSDWLHQW DQG LQSDWLHQW VHWWLQJ7KH SDWLHQWV KDG WR KDYH D WRWDO VFRUH
!RQ3RVLWLYHDQG1HJDWLYHVFDOH±WZRSDUWVRIWKH3RVLWLYHDQG1HJDWLYH
6\QGURPH 6FDOH 3$166 DQG WR EH DEOH WR GLVFRQWLQXH FXUUHQW DQWLSV\
FKRWLF DQG DQWLSDUNLQVRQLDQPHGLFDWLRQV 7KH SULPDU\ HI¿FDF\ SDUDPHWHU
ZDVWKHSHUFHQWRIVFRUHGLIIHUHQFHEHWZHHQEDVHOLQHDQGZHHNRIWKHUDS\
RQWZRDERYH±PHQWLRQHG3$166VXEVFDOHV7KHGLIIHUHQFHZDVFRQVLGHUHG
DVVLJQL¿FDQWLPSURYHPHQWLIGHFUHDVHIURPWKHEDVHOLQHZDVRUPRUH
5HVXOWV$OOHQUROOHGSDWLHQWVFRPSOHWHGWKHVWXG\$IWHUWKHZHHNVRI
WUHDWPHQWSDWLHQWVKDGFOLQLFDOO\VLJQL¿FDQWLPSURYHPHQWRI
RUPRUHGHFUHDVHGWRWDO3$166VFRUH3RVLWLYHDQG1HJDWLYHVXEVFDOH
,Q  SDWLHQWV  FOLQLFDO LPSURYHPHQW ZDV DOVR UHSRUWHG ZLWK
GHFUHDVHGWRWDO3$166VFRUH
&RQFOXVLRQV2YHUDOOFROOHFWHGGDWDLQGLFDWHWKDWLQWKLVVSHFL¿FSRSXODWLRQ
SDWLHQWVZHUHUHVLVWDQWWRSUHYLRXVDQWLSV\FKRWLFWKHUDS\5LVVHWKDV
VKRZQYHU\JRRGHIIHFWLYHQHVVDQGVDIHW\
5HIHUHQFHV
6WDKO60'HVFULELQJDQ$W\SLFDO$QWLSV\FKRWLF5HFHSWRU%LQGLQJDQG,WV
5ROHLQ3DWKRSK\VLRORJ\3ULPDU\&DUH&RPSDQLRQ7KH-RXUQDORI&OLQLFDO
3V\FKLDWU\
:HWWHUOLQJ70XVVLJEURGW+(:HLJKWJDLQVLGHHIIHFWVRIDW\SLFDOQHX
UROHSWLFV-RXUQDORI&OLQLFDO3V\FKRSKDUPDFRORJ\
:LUVKLQJ'$:LUVKLQJ:&HWDO1RYHODQWLSV\FKRWLFVFRPSDULVRQRI
ZHLJKWJDLQOLDELOLWLHV7KH-RXUQDORI&OLQLFDO3V\FKLDWU\
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4XHWLDSLQH,QGXFHG0RGXODWLRQRI&RUWLFDO([FLWDELOLW\
%HUWKROG/DQJJXWK
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\RI
5HJHQVEXUJ*HUPDQ\
&ODXV6SUDQ]3KLOLSS6DQG*|UDQ+DMDN3HWHU(LFKKDPPHU
2EMHFWLYHV&OLQLFDOVWXG\GDWDDQGSK\VLFLDQVH[SHULHQFHVXJJHVWWKDWWKH
DQWLSV\FKRWLFDJHQWTXHWLDSLQHUHYHDOVDQH[WUDRUGLQDU\ULVNEHQH¿WSUR¿OH
IRU WKH WUHDWPHQWRISDWLHQWVZLWKSV\FKRVLV4XHWLDSLQHKDVEHHQFODLPHG
WRKDYHDIDYRXUDEOHWUHDWPHQWSUR¿OHIRUVFKL]RSKUHQLDFRPELQLQJXQLTXH
DW\SLFDOTXDOLWLHVZLWKDQWLSV\FKRWLFHI¿FDF\7KHXQGHUVWDQGLQJRIWKLVDQ
WLSV\FKRWLFDJHQWVWURQJO\GHSHQGVRQWKHJURZLQJLQVLJKWLQWRQHXURELRORJL
FDOSURFHVVHVUHVSRQVLEOHIRULWVFOLQLFDOHIIHFWVDQGVLGHHIIHFWV7KHSUHVHQW
VWXG\DGGUHVVHVQHXURELRORJLFDOPHFKDQLVPVXQGHUO\LQJTXHWLDSLQHVSURS
HUWLHV WR LPSURYHSRVLWLYH DQGQHJDWLYH V\PSWRPVRI VFKL]RSKUHQLDZKLOH
ODFNLQJWRLQGXFHXQZDQWHGVLGHHIIHFWVVXFKDVH[WUDS\UDPLGDOV\PSWRPV
0HWKRGV 7KH QHXURSK\VLRORJLFDO WHFKQLTXH RI 7UDQVFUDQLDO 0DJQHWLF
6WLPXODWLRQ 706ZDVXVHG WRHOXFLGDWHQRQLQYDVLYHO\ WKH LQWHJULW\DQG
H[FLWDELOLW\SDWWHUQVRIQHXURQDOQHWZRUNVZLWKLQWKHPRWRUFRUWH[LQKHDOWK\
FRQWUROV :H VWXGLHG KHDOWK\ \RXQJ VXEMHFWV UHFHLYLQJ D VLQJOH ORDGLQJ
GRVHPJRITXHWLDSLQH1 XVLQJDSODFHERFRQWUROOHGFURVVRYHU
GHVLJQ706HIIHFWVZHUHPHDVXUHGE\PHDQVRIWKHWZRVLQJOHSXOVH706
SDUDGLJPV0RWRU7KUHVKROG07DQG&RUWLFDO6LOHQW3HULRG&63DQGE\
PHDQVRI3DLUHGSXOVH)DFLOLWDWLRQ33)DQG3DLUHGSXOVH,QKLELWLRQ33,
DV UHVXOWRIDSDLUHGSXOVHSDUDGLJP7KH706SDUDGLJPVDOORZ WRDVVHVV
GLIIHUHQWDVSHFWVRIFRUWLFDODQGVXEFRUWLFDOH[FLWDELOLW\DQGJLYHLQVLJKWLQWR
WKH QDWXUH DQG ORFDOL]DWLRQ RI LQKLELWRU\ DQG IDFLOLWDWRU\ SURFHVVHVZLWKLQ
QHXURQDOQHWZRUNV
5HVXOWV$IWHUDVLQJOHORDGLQJGRVHWKHUHZDVDVLJQL¿FDQWLQFUHDVHRIWKH
&630733)DQG33,UHPDLQHGXQFKDQJHG
&RQFOXVLRQV&KDQJHVRI706SDUDPHWHUVE\TXHWLDSLQHLQGLFDWHWKHGUXJV
XQLTXH SURSHUW\ WR VWDELOL]H WKDODPRFRUWLFDO SDWKZD\V &63 OHQJWKHQLQJ
DQGWKHUHE\LPSURYHWKHEUDLQVVXEFRUWLFDOJDWLQJIXQFWLRQZLWKRXWFKDQJ
LQJZKROHEUDLQRUFRUWLFDOH[FLWDELOLW\0733,33)DQGWKHUHE\QRWDI
IHFWLQJWKHEUDLQVH[FLWDELOLW\PHGLDWHGVLGHHIIHFWSURSHUWLHVHJVHL]XUHV
DURXVDOH[WUDS\UDPLGDOV\PSWRPV
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&RJQLWLYH%HQHILWVRI$ULSLSUD]ROHYV2ODQ]DSLQHLQ6WDEOH
3V\FKRVLV
2WR0DUNRYLF
%ULVWRO0\HUV6TXLEE&]HFK5HSXEOLF
+DUU\*R\YDHUWV-HDQ1RHO%HX]HQ%LOO&DUVRQ$QXWRVK6DKD
2EMHFWLYHV7KLVPXOWLFHQWHURSHQODEHOVWXG\FRPSDUHGWKHQHXURFRJQLWLYH
EHQH¿WV VDIHW\ DQG WROHUDELOLW\RI DULSLSUD]ROHZLWKRODQ]DSLQH LQRXWSD
WLHQWVZLWKVWDEOHVFKL]RSKUHQLD
0HWKRGV3DWLHQWV UDQGRPL]HG WR DULSLSUD]ROHPJGD\ Q RU RODQ
]DSLQHPJGD\ Q ZHUH DVVHVVHG DW EDVHOLQH DQG:HHNV DQG
RU ODVW YLVLW 7KH QHXURFRJQLWLYH EDWWHU\ ZDV DQDO\]HG E\ WKUHH IDFWRUV
JHQHUDOFRJQLWLYHIXQFWLRQLQJH[HFXWLYHIXQFWLRQLQJDQGVHFRQGDU\YHUEDO
PHPRU\
5HVXOWV$ULSLSUD]ROHSURGXFHGVWDWLVWLFDOO\VLJQL¿FDQWLPSURYHPHQWVIURP
EDVHOLQH LQ VHFRQGDU\ YHUEDOPHPRU\ DW:HHNV  DQG  ERWK S
ZKLFK ZHUH VLJQL¿FDQWO\ JUHDWHU WKDQ RODQ]DSLQH %RWK DULSLSUD]ROH DQG
RODQ]DSLQH SURGXFHG D VWDWLVWLFDOO\ VLJQL¿FDQW LPSURYHPHQW DW:HHN  LQ
JHQHUDOFRJQLWLYHIXQFWLRQLQJSDQGDWUHQGWRZDUGLPSURYHPHQWDW
:HHN  S 7KHUHZHUH QR VLJQL¿FDQW FKDQJHV LQ H[HFXWLYH IXQF
WLRQLQJ IRU HLWKHUPHGLFDWLRQ&OLQLFDO LPSURYHPHQWZDV QRW VLJQL¿FDQWO\
GLIIHUHQWEHWZHHQWKHWZRJURXSV7KHWKUHHPRVWSUHYDOHQWDGYHUVHHYHQWV
ZLWKDULSLSUD]ROHZHUHLQVRPQLDQDXVHDDQGVRPQROHQFHDQGZLWKRODQ]D
SLQHZHUHZHLJKWJDLQVRPQROHQFHDQGKHDGDFKH2ODQ]DSLQHZDVDVVRFL
DWHGZLWKDJUHDWHULQFLGHQFHRIZHLJKWJDLQWKDQDULSLSUD]ROH
2ODQ]DSLQHSURGXFHGVLJQL¿FDQWLQFUHDVHVLQFKROHVWHUROOHYHOVFRPSDUHGWR
DULSLSUD]ROH
&RQFOXVLRQV$ULSLSUD]ROHDSSHDUHGWREHDVVRFLDWHGZLWKVSHFL¿FEHQH¿WV
LQVHFRQGDU\YHUEDOPHPRU\DVZHOODVVLJQL¿FDQWO\OHVVZHLJKWJDLQWKDQ
RODQ]DSLQH
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$NW.LQDVH3KRVSKRU\ODWHGE\$QWLGHSUHVVDQWVLQ5DW%UDLQ
$WXVKL0LVRQRR
'HSWRI1HXURSV\FKLDWU\6W0DULDQQD8QLY6FKRI0HG-DSDQ
.2VDGD'7DQDND7+LVLQXPD6.DQDL<6DVXJD
0$VDNXUD
2EMHFWLYHV$NW DOVRNQRZQDVSURWHLQNLQDVH% LVDSURWHLQNLQDVHDVD
GRZQVWUHDPNLQDVHRISKRVSKRLQRVLWLGHNLQDVH3,.DQG%'1)3KRV
SKRU\ODWLRQRIUHVLGXHV6HUDQG7KULVUHTXLUHGIRU$NWDFWLYLW\E\
3'.DQG3'.UHVSHFWLYHO\:HH[DPLQHGWKDWLQÀXHQFHRI$NWDQG$NW
SKRVSKRU\ODWLRQ 6HU DQG7KU DIWHU WUHDWPHQW E\ DQWLGHSUHVVDQWV
RQLPPXQRF\WRFKHPLVWU\DQGLPPXQREORWPHDVXUHPHQW
0HWKRGV0DOH:LVWDUUDWVaJZHUHXVHG5DWVKDGIUHHDFFHVVWR
ZDWHUDQGIRRGDQGZHUHGLYLGHGLQWRDFRQWUROJURXSDQGDQH[SHULPHQWDO
JURXSZKLFKUHFHLYHGVFLQMHFWLRQVRIDQWLGHSUHVVDQWRQFHDOOGD\)RU
LPPXQRKLVWRFKHPLVWU\ UDWV ZHUH VDFUL¿FHG E\ GHHSO\ DQHVWKHWL]HG ZLWK
SHQWREDUELWDO DQG SHUIXVHG WUDQVFDUGLDOO\ ZLWK D ¿[DWLRQ EXIIHU &RURQDO
IUR]HQVHFWLRQVPRIWKHEUDLQVZHUHFXWRXWDQGVHFWLRQVZHUHLPPX
QRKLVWRFKHPLFDOO\ VWDLQHG DFFRUGLQJ WR WKH DYLGLQELRWLQ FRPSOH[PHWKRG
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
XVLQJSULPDU\DQWLERG\:HFRXQWHGVWDLQHGFHOORIRXWHUJUDQXOHFHOOOD\HU
LQWHPSRUDOFRUWH[
)RULPPXQREORWWKHKRPRJHQDWHRIUDWVFHUHEUDOFRUWH[ZDVWKHQFHQWULIXJHG
DQGWKHVXSHUQDWDQWZDVFROOHFWHG7KHVDPSOHDSSOLHGWR'($(6HSKDURVH
IDVW ÀRZ FROXPQ IRU SXOL¿FDWLRQ (DFK VDPSOH ZDV HOHFWURSKRUHVHG DQG
WKH VHSDUDWHG SURWHLQV ZHUH WUDQVIHUUHG WR QLWURFHOOXORVH PHPEUDQHV DQG
LQFXEDWHGZLWK HDFK DQWLERG\7KHQ WKH SURWHLQVZHUH GHWHFWHG XVLQJ WKH
(&/V\VWHP
5HVXOWV$IWHU WUHDWPHQW RI DQWLGHSUHVVDQWV &ORPLSUDPLQH )OXYR[DPLQH
3DUR[HWLQH0LOQDFLSUDQZDVLQFUHDVHG$NW7KUDQG$.76HU%XW
$NWZDVQRWLQFUHDVHGFRPSDUHGZLWKFRQWURORQLPPXQRF\WRFKHPLVWU\DQG
,PPXQREORWPHDVXUHPHQW3'.DQG3'.SKRVSKRU\ODWLRQDOVRLQFUHDVHG
RQ,PPXQREORWPHDVXUHPHQW,WLVNQRZQWKDW$NWLVWUDQVORFDWHGWRWKHQX
FOHXVZKHUHLWLVDFWLYDWHGIROORZLQJSKRVSKRU\ODWLRQRQ6HUDQG7KU
,QWKLVVWXG\$NWWUDQVORFDWHGWRWKHQXFOHXVE\DQWLGHSUHVVDQWV
&RQFOXVLRQV ([SHULPHQWDO VWXGLHV VXJJHVW WKDW %'1) H[SUHVVLRQ LV
LQGXFHG E\ FKURQLF DQWLGHSUHVVDQW WUHDWPHQWV DQG WKDW %'1) LWVHOI KDYH
DQWLGHSUHVVDQWDFWLYLW\LQDQLPDOPRGHOVRIGHSUHVVLRQ+D\QHV/(%'1)
DFWLYDWHG3,NLQDVHE\W\URVLQHNLQDVHUHFHSWHUW\SH3,NLQDVHFRQYHUWV
$NW FRQIRUPDWLRQ FKDQJH DQG 3'. SKRVSKRU\ODWHG$NW 50HLHU 7KLV
VWXG\VKRZQWKDWDQWLGHSUHVVDQWVSKRVSKRU\ODWHG$NW7KUDQG$.76HU
.H\UROHVIRU$NWLQFHOOXODUSURFHVVHVVXFKDVDSRWRVLVQHXURWUDQVPLW
WHUVUHOHDVHDQGWUDQVFULSWLRQDUHQRZZHOOHVWDEOLVKHG&KURQLFDGPLQLVWUD
WLRQRIDQWLGHSUHVVDQWVFDQLQGXFHQHXURSURWHFWLYHHIIHFWV
5HIHUHQFHV
+D\QHV /( &KURQLF DQWLGHSUHVVDQW PHGLFDWLRQ DWWHQXDWHV GH[DP
HWKDVRQHLQGXFHG QHXURQDO GHDWK DQG VXEOHWKDO QHXURQDO GDPDJH LQ WKH
KLSSRFDPSXVDQGVWULDWXP%UDLQ5HV
50HLHU5HJXODWLRQRISURWHLQNLQDVH%-UHFHSWHUVLJQDOWUDQVGXF
WLRQUHVHDUFK
32
/HYHWLUDFHWDPLQ7DUGLYH'\VNLQHVLD$Q2SHQ/DEHO6WXG\
6RILD3DSSD
8QLYHUVLW\2I,RDQQLQD*UHHFH
&KULVWRV0DQWDV9HQHWVDQRV0DYUHDV6SLULGRQ.RQLWVLRWLV
2EMHFWLYHV 7DUGLYH G\VNLQHVLD IURP DQWLSV\FKRWLF PHGLFDWLRQV KDV QR
FOHDUO\ HIIHFWLYH WUHDWPHQW /HYHWLUDFHWDP D QRYHO DQWLHSLOHSWLF GUXJ KDV
VKRZQ DQ DQWLG\VNLQHWLF HIIHFW RQ OHYRGRSDLQGXFHG G\VNLQHVLDV ZKLFK
VKDUH VRPH SDWKRJHQHWLF DQDORJLHV ZLWK WDUGLYH G\VNLQHVLDV 7KH DFXWH
DQWLG\VNLQHWLF HIIHFWV RI /HYHWLUDFHWDP ZHUH HYDOXDWHG LQ SDWLHQWV ZLWK
WDUGLYHG\VNLQHVLD
0HWKRGV6L[SDWLHQWVZLWKWDUGLYHG\VNLQHVLDHQWHUHGDQRSHQODEHOVWXG\
DQG UHFHLYHG RUDO /HYHWLUDFHWDP  PJGD\ IRU RQH PRQWK (YDOXD
WLRQVZHUHSHUIRUPHGE\PHDQVRI$EQRUPDO,QYROXQWDU\0RYHPHQW6FDOH
$,06*RHW]'\VNLQHVLD6FDOH&OLQLFDO*OREDO ,PSUHVVLRQV &*, DQG
%ULHI 3V\FKLDWULF 5DWLQJ 6FDOH %356 DW EDVHOLQH DQG DW WKH HQG RI WKH
WUHDWPHQWSHULRG
5HVXOWV$PHGLDQUHGXFWLRQRIIURPWRLQ$,06
VFRUHVSIURPWRLQ*2(7=VFRUHVS
DQG IURP WR LQ&*, VFRUHV S
ZHUHUHSRUWHG3V\FKLDWULF UDWLQJVFRUHVGLGQRWZRUVHQDQGDGYHUVHHYHQW
SUR¿OHZDVEHQLJQ
&RQFOXVLRQV7UHDWPHQW UHVSRQVH VXJJHVWV WKDW/HYHWLUDFHWDPPD\EH HI
¿FDFLRXVIRUWKHWUHDWPHQWRIWDUGLYHG\VNLQHVLDDQGGHVHUYHIXUWKHUFOLQLFDO
WHVWLQJ
5HIHUHQFHV
%H]DUG(/HYHWLUDFHWDPLPSURYHVFKRUHLFOHYRGRSDLQGXFHGG\VNL
QHVLDLQWKH0373WUHDWHGPDFDTXH(XU-3KDUPDFRO
0F*DYLQ&//HYHWLUDFHWDPDVDWUHDWPHQWIRUWDUGLYHG\VNLQHVLDD
FDVHUHSRUW1HXURORJ\
32
1HXURORJLFDO6RIW6LJQV1HXURSV\FKRORJLFDO3HUIRUPDQFHVDQG
)XQFWLRQDO&HUHEUDO$FWLYDWLRQGXULQJ&RJQLWLYHDQG0RWRU
,QKLELWLRQ7DVNVLQ<RXQJ$JHG3DWLHQWVZLWK6FKL]RSKUHQLD
$I05,6WXG\
&KDUOHV6LHJIULHG3HUHWWL
+{SLWDO6DLQW$QWRLQH3DULV)UDQFH
)HUUHUL)$JERNRX&*LHUVNL)&XHUYR&92G\&
0LFKHO&.UHEV023LHURW/
2EMHFWLYHV1HXURORJLFDOVRIWVLJQV166DQGQHXURSV\FKRORJLFDOLPSDLU
PHQWDUHPRUHIUHTXHQWO\SUHVHQWLQVFKL]RSKUHQLFSDWLHQWVWKDQLQQRUPDO
VXEMHFWVDQGQRQSV\FKRWLFSV\FKLDWULFSDWLHQWV166DUHQRQIRFDOVLJQVRI
FHQWUDOQHUYRXVV\VWHPSDWKRORJ\7KHSUHVHQFHRI166LQVFKL]RSKUHQLDFDQ
LQSDUWEHH[SODLQHGE\DQHXURGHYHORSSHPHQWDOWKHRU\IRUWKHLOOQHVVHYHQ
LIWKHVLJQL¿FDQFHRI166LVVWLOOXQFOHDU
%RWK166DQGQHXURSV\FKRORJLFDOSHUIRUPDQFHUHÀHFWEUDLQIXQFWLRQLQJRQ
DFOLQLFDOOHYHO
6WXGLHVHPSOR\LQJWHFKQLTXHRIEUDLQLPDJLQJKDYHVKRZQEUDLQG\VIXQF
WLRQV VWUXFWXUDODQGIXQFWLRQDODEQRUPDOLWLHV LQDFLUFXLW LQYROYLQJPRWRU
FRUWH[EDVDOJDQJOLDDQGWKDODPXVKDYHEHHQLPSOLFDWHGLQWKHSK\VLRSD
WKRORJ\RIVFKL]RSKUHQLDFRQWULEXWLQJWRGH¿FLWVLQH[HFXWLYHDQGLQKLELWRU\
FRQWURO
:HGLUHFWHGRXURQJRLQJVWXG\WRWKHTXHVWLRQRIWKHUHODWLRQEHWZHHQ1HX
URORJLFDOVRIWVLJQV166VFRUHQHXURSV\FKRORJLFDOSHUIRUPDQFHDQGEUDLQ
DFWLYDWLRQSDWWHUQLQI05,ZKLOHSHUIRUPLQJGLIIHUHQWFRJQLWLYHWDVNV
0HWKRGV\RXQJDJHGVFKL]RSKUHQLFSDWLHQWVZLWK OHVV WKDQ\HDUVRI
WUHDWPHQWDQGKHDOWK\FRQWUROVKDYHEHHQLQFOXGHG3DWLHQWVDQGQRUPDO
FRQWUROVZHUHFRPSDUHGWRDJHVH[DQGHGXFDWLRQOHYHO
7KH SDWLHQW 166 VFRUH ZDV PHDVXUHG ZLWK D VWDQGDUGL]HG DQG YDOLGDWHG
VFDOHWKH1HXURORJLFDO(YDOXDWLRQ6FDOH1(67KHVFKL]RSKUHQLFSDWLHQWV
ZHUHVSOLWDORQJWKHPHGLDQRIWKHLU1(6WRWDOVFRUH166YV166
7KHOHYHORIWKHQHXURSV\FKRORJLFDOSHUIRUPDQFHZDVDVVHVVHGZLWKDQHX
URSV\FKRORJLFDOWHVWEDWWHU\LQFOXGLQJWHVWVWDSSLQJH[HFXWLYHIXQFWLRQVVXFK
DVWKH:LVFRQVLQ&DUG6RUWLQJ7HVWWKH7UDLO0DNLQJ7HVWWKH+D\OLQJWHVW
WKH6WURRSWHVWDQGDYHUEDOÀXHQF\WHVW
$ IXQFWLRQDOPDJQHWLF UHVRQDQFH LPDJLQJ LV FROOHFWHGZKLOH SDWLHQWV DQG
KHDOWK\ FRQWUROV SHUIRUPHG D 6WURRS WDVN PRGL¿HG IRU I05, DQG D*R
1R*R WDVN7KH6WURRS WDVN LV DZLGHO\ XVHGPHDVXUH RI H[HFXWLYH IXQF
WLRQLQJ ZKLFK UHTXLUHV IURQWDOO\PHGLDWHG FRJQLWLYH LQKLELWLRQ ZKLOH WKH
*R1R*RSDUDGLJPHQJDJHVDUHODWLYHO\ÄSXUH³PRWRULQKLELWLRQ
5HVXOWV 5HVXOWV DUH VWLOO DQDO\]HG 3UHOLPLQDU\ UHVXOWV IURP SDWLHQWV DQG
FRQWUROVZLOOEHSUHVHQWHGDQGWKHLULPSOLFDWLRQLQIXWXUHI05,UHVHDUFKZLOO
EHGLVFXVVHG
&RQFOXVLRQV3DWLHQWVZLWKVFKL]RSKUHQLDVKRZSDWWHUQRII05,LPDJHVLQ
DFFRUGDQFHZLWKWKHQHXURGHYHORSPHQWDOWKHRU\RIWKHGLVHDVH
5HIHUHQFHV
&DEH]D51\EHUJ/,PDJLQJFRJQLWLRQ,,DQHPSLULFDOUHYLHZRI3(7
DQGI05,VWXGLHV-&RJQ1HXURVFL
32
/LWKLXPDQG5DW%UDLQP51$0HDVXUHGZLWK$II\PHWUL[
*HQH&KLSV
3HU3OHQJH
/DERUDWRU\RI1HXURSV\FKLDWU\5LJVKRVSLWDOHW&RSHQKDJHQ
'HQPDUN
5HKDQQDK%RUXS)LQQ&LOLXV1LHOVHQ
2EMHFWLYHV/LWKLXPKDVEHHQ VWDELOLVLQJPDQLFGHSUHVVLYHPRRGFKDQJHV
LQPRUHWKDQ\HDUVEXWWKHQHXURFKHPLFDOPHFKDQLVPEHKLQGWKHHIIHFW
LV VWLOO XQFOHDU ,Q WKH SUHVHQW VWXG\ WKH FRQFHQWUDWLRQ RI  GLIIHUHQW
P51$¶VZHUHPHDVXUHGLQEUDLQVIURPOLWKLXPWUHDWHGUDWVXVLQJ$II\PHWUL[
*HQH&KLSV
0HWKRGV5DWVZHUHWUHDWHGZLWKOLWKLXPLQWZRGLIIHUHQWZD\VWRVLPXODWH
WKHFKDQJLQJOLWKLXPFRQFHQWUDWLRQVLQSDWLHQWV%RWKVFKHGXOHVOHDGWRWKH
VDPHPHDQH[SRVXUHWROLWKLXP2QHJURXSRIUDWVZHUHLQMHFWHGGDLO\ZLWK
PRO/L&ODQRWKHUJURXSRI UDWVZHUH IHGDGLHWFRQWDLQLQJPRO
/L&2NJ &RQWURO UDWV ZHUH LQMHFWHG GDLO\ ZLWK 1D&O DQG JLYHQ IRRG
ZLWKRXWOLWKLXP:DWHUFRQVXPSWLRQDQGZHLJKWJDLQZHUHPHDVXUHGGXULQJ
WKHH[SHULPHQW$IWHUEHLQJWUHDWHGIRUWZRPRQWKWKHUDWVZHUHGHFDSLWDWHG
.%52/)-!').'¬¬039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
7KHOLWKLXPLQMHFWHGUDWVZHUHGHFDSLWDWHGLQWZRJURXSVKDOIRIWKHUDWV
KRXUVDIWHUWKHODVWLQMHFWLRQWKHRWKHUKDOIKRXUVDIWHUWKHODVWLQMHFWLRQ
%UDLQVDQGNLGQH\VZHUHUDSLGO\UHPRYHGIUR]HQDQGVWRUHGDW±R&XQWLO
DQDO\VLV%ORRGZDVWDNHQIRUDQDO\VLVRIVHUXPOLWKLXPOHYHOV)URPHDFK
WUHDWPHQWJURXSWKUHHJURXSVRIUDWVZHUHFRQVWUXFWHGHDFKFRQVLVWLQJRI
UDWV%UDLQVIURPWKUHHUDWVZHUHSRROHGDQGXVLQJDSSURSULDWHWHFKQLTXHV
WKHWRWDO51$H[WUDFWHGODEHOOHGDQGK\EULGLVHGWRWKHPLFURDUUD\
5HVXOWV/LWKLXPDIIHFWHG WKHH[SUHVVLRQRIVHYHUDOJHQHV8VLQJ3
DV OHYHO RI VLJQL¿FDQFH LQ DQ$QRYD DQDO\VLV  JHQHVZHUH IRXQG WR EH
GLIIHUHQWLDOO\ H[SUHVVHG LQ RQH RUHPRUH JURXSV FRPSDUHGZLWK WKH RWKHU
JURXSVDQGZLWK3WKHQXPEHURIJHQHVDIIHFWHGZHUH+RZHYHU
WKHOLWKLXPHIIHFWVRQPDQ\RIWKHJHQHVYDULHGEHWZHHQWKHWKUHHGLIIHUHQW
JURXSVDQGVHYHUDOSRVVLEOHFRPELQDWLRQVRIHIIHFWVZHUHIRXQG([DPSOHV
&RPSDUHGWRFRQWUROUDWVVRPHJHQHVZHUHIRXQGXSUHJXODWHGRUGRZQ
UHJXODWHGLQDOOWKUHHJURXSVE\OLWKLXP
 6RPHJHQHVZHUH RQO\ XS UHJXODWHG E\ OLWKLXP LQ WKH UDWVZKLFKZHUH
VDFUL¿FHGKRXUVDIWHUWKHODVWLQMHFWLRQZLWKOLWKLXPWKHRWKHUWKUHHJURXSV
EHLQJLGHQWLFDO
 6RPH JHQHV ZHUH XS UHJXODWHG LQ WKH OLWKLXPLQMHFWHG UDWV EXW QRW LQ
FRQWUROUDWVDQGWKHOLWKLXPIHGUDWV
6RPHJHQHVZHUHXS UHJXODWHG LQ WKH OLWKLXPLQMHFWHG UDWVEXWRQO\
KRXUVDIWHUWKHODVWLQMHFWLRQZLWKOLWKLXP
&RQFOXVLRQV:KHQPHDVXULQJ OLWKLXP HIIHFWVZLWK WKH ³VKRW JXQ´PLFUR
DUUD\PHWKRG WKHFUHGLELOLW\RI WKHUHVXOWVGHSHQGVDPRQJRWKHU WKLQJVRI
¿QGLQJHIIHFWVZKLFKVKRXOGEHVHHQZLWKWKHNQRZOHGJHRIZHOOHVWDEOLVKHG
OLWKLXPHIIHFWV/LWKLXPLQGXFHGWKHZHOONQRZQSRO\XULDLQDOOUDWVDQGLQ
DOOOLWKLXPWUHDWHGUDWVDOVRDFRPSHQVDWRU\GRXEOLQJLQP51$IRUDUJLQLQH
YDVRSUHVVLQZDVIRXQGDQHIIHFWWREHH[SHFWHGEXWLQIDFWRQO\UHSRUWHGD
IHZWLPHVSUREDEO\GXHWRGLI¿FXOWLHVLQPHDVXULQJYDVRSUHVVLQLQSODVPD
0DQ\H[DPSOHVRIOLWKLXPHIIHFWVRQPHWDEROLFSDWKZD\VDUHNQRZQZLWK
WZRVFHQHULHVDVDSRVVLELOLW\$OLWKLXPLQGXFHGLQFUHDVHLQWKHDPRXQWRI
VXEVWUDWHFRXOGOHDGWRDQLQFUHDVHGGHPDQGIRUHQ]\PHVRUDFRPSHQVDWRU\
GHFUHDVHLQDQHQ]\PH6HYHUDOH[DPSOHVRIERWKVLWXDWLRQVZHUHIRXQGDQG
ZLOOEHSUHVHQWHG
32
7KH5ROHRIWKH$QWHULRU3DUDFLQJXODWH&RUWH[LQ%HOLHI
$WWULEXWLRQ
0RQLND6RPPHU
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\RI5HJHQVEXUJ*HUPDQ\
-|UJ0HLQKDUGW.DWULQ'|KQHO&ODXGLD7KRHUPHU-UJHQ0OOHU
%HDWH6RGLDQ*|UDQ+DMDN
2EMHFWLYHV$QXQGHUVWDQGLQJRIRWKHUSHRSOHCVWKRXJKWVDQGEHOLHIVSOD\VD
FHQWUDOUROHLQUHDVRQLQJDERXWWKHFDXVHVRIRWKHUSHRSOHCVEHKDYLRU:KHQ
H[SODLQLQJ D SHUVRQCV EHKDYLRU LQ WHUPV RI EHOLHI ZH KDYH WR UHFRJQL]H
WKDWWKLVEHOLHIPLJKWQRWFRUUHVSRQGWRUHDOLW\RUWRRXUSHUVSHFWLYHRQWKH
ZRUOG6HYHUDOIXQFWLRQDOLPDJLQJVWXGLHVLQGLFDWHWKDWWKHDELOLW\RIEHOLHI
DWWULEXWLRQ LV PHGLDWHG E\ PHGLDO SUHIURQWDO DUHDV HVSHFLDOO\ WKH DQWHULRU
SDUDFLQJXODWHFRUWH[7KHDLPRIRXUI05,VWXG\ZDVWRLGHQWLI\EUDLQDFWLY
LW\VSHFL¿FDOO\DVVRFLDWHGZLWKWKHGHFRXSOLQJPHFKDQLVP
0HWKRGV:HSUHVHQWHGKHDOWK\YROXQWHHUV1 QRQYHUEDOFDUWRRQVWR
ULHVGHSLFWLQJDSHUVRQDFWLQJRQWKHEDVLVRIFRUUHFWWUXHEHOLHIRULQFRUUHFW
IDOVHEHOLHIUHSUHVHQWDWLRQVRIUHDOLW\
5HVXOWV7KH WUXH DQG WKH IDOVH EHOLHI FRQGLWLRQ DFWLYDWH WKHELODWHUDO FLQ
JXODWHFRUWH[DQG WKHVXSHULRUH IURQWDOFRUWH[%XWRQO\ LQ WKH IDOVHEHOLHI
FRQGLWLRQ ZH IRXQG PRUH DFWLYDWLRQ LQ WKH ULJKW LQVXOD DQG WKH DQWHULRU
SDUDFLQJXODWHFRUWH[
&RQFOXVLRQV7KHVHUHVXOWVVXSSRUWWKHNH\UROHRIWKHDQWHULRUSDUDFLQJXODWH
FRUWH[ IRU WKHEHOLHIPHFKDQLVP ,QERWK FRQGLWLRQVPHQWDOL]LQJ LVQHFHV
VDU\EXWRQO\WKHIDOVHEHOLHIFRQGLWLRQUHTXLUHVWKHGHFRXSOLQJRIDEHOLHI
UHSUHVHQWDWLRQIURPUHDOLW\
32
&ORWLDSLQHLQ6FKL]RSKUHQLD$&RQWUROOHG6WXG\
9DGLP*HOOHU
%HQ*XULRQ8QLYHUVLW,VUDHO6WDQOH\5HVHDUFK&HQWHU%HHUVKHYD
0HQWDO+HDOWK&HQWHU
<XO\%HUVXGVN\5+%HOPDNHU
2EMHFWLYHV&ORWLDSLQH LV D QHXUROHSWLFZLWK FKHPLFDO VWUXFWXUH VLPLODU WR
FOR]DSLQH ,W LV RIWHQ VDLG WKDW SDWLHQWV XQUHVSRQVLYH WRRWKHUQHXUROHSWLFV
UHVSRQG WR FORWLDSLQH +RZHYHU DIWHU WKH GLVFRYHU\ RI ' EORFNDGH DV
D PHFKDQLVP RI QHXUROHSWLF HI¿FDF\ WKLV FODLP VHHPHG WR ODFN ORJLFDO
WKHRUHWLFDO EDVLV 7KH VXFFHVV RI FOR]DSLQH LQ SDWLHQWV XQUHVSRQVLYH WR
RWKHUGRSDPLQHEORFNHUVUDLVHGKRSHVIRUWKHGLVFRYHU\RIQHZDQWLSV\FKRWLF
GUXJVZLWKQHZPHFKDQLVPVRI DFWLRQ6HYHUDO FOR]DSLQHOLNH FRPSRXQGV
KDYHEHHQLQWURGXFHGRUDUHLQWKHSURFHVVRIEHLQJLQWURGXFHGDOWKRXJKWKH
ELRFKHPLFDOEDVLVRIFOR]DSLQHµVXQLTXHSURSHUWLHVLVVWLOOXQNQRZQ
0HWKRGV:H FRQGXFWHG D VWXG\ RI VHYHUH FKURQLF DFWLYH SV\FKRWLF KRV
SLWDOL]HGSDWLHQWVZLWKDKLVWRU\RIQRQUHVSRQVH WRDW OHDVWQHXUROHSWLFV
7KH GHVLJQ ZDV GRXEOHEOLQG FURVVRYHU RI FORWLDSLQH DV PRQRWKHUDS\ YV
FKORUSURPD]LQHDVPRQRWKHUDS\1RZDVKRXWZDVQHFHVVDU\IURPSUHYLRXV
QHXUROHSWLF WUHDWPHQW DQG ÀH[LEOH RYHUODS RYHU  ZHHNV ZLWK WKH VWXG\
PHGLFDWLRQZDVLQGLYLGXDOL]HGIRUHDFKSDWLHQW3DWLHQWVZHUHWUHDWHGIRU
PRQWKVZLWKFORWLDSLQHDQGPRQWKVZLWKFKORUSURPD]LQHLQUDQGRPRUGHU
0HGLFDWLRQZDVVXSSOLHGLQLGHQWLFDOFDSVXOHVRIPJFKORUSURPD]LQHRU
PJRIFORWLDSLQH%ULHI3V\FKLDWULF5DWLQJ6FDOHDQG1XUVH¶V2EVHUYDWLRQ
6FDOHZDVUDWHGHYHU\ZHHNV
5HVXOWV)LIW\HLJKWSDWLHQWVZHUHUDQGRPL]HG1RGLIIHUHQFHZDVIRXQGLQ
UHVSRQVHWRFORWLDSLQHYVFKORUSURPD]LQH
&RQFOXVLRQV ,Q WKLV JURXS RI VFKL]RSKUHQLFV QR HYLGHQFHZDV IRXQG IRU
HI¿FDF\RIFORWLDSLQHRYHUFKORUSURPD]LQH
5HIHUHQFHV
/RNVKLQ 3.RWOHU0.XW]XN'%HOPDNHU5+ &ORWLDSLQH DQ ROG
QHXUROHSWLFZLWKSRVVLEOHFOR]DSLQHOLNHSURSHUWLHV3URJUHVVLQ1HXURSV\
FKRSKDUPDFRORJ\	%LRORJLFDO3V\FKLDWU\
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'LVRUJDQL]HG6FKL]RSKUHQLD)'*3(7DQGT((*&DVH
6WXG\
%DUERUD7LVOHURYD
3UDJXH3V\FKLDWULF&HQWUH&]HFK5HSXEOLF
-LUL+RUDFHN0LORVODY.RSHFHN0DUWLQ%UXQRYVNê
2EMHFWLYHV 'LVRUJDQL]HG KHEHSKUHQLF VFKL]RSKUHQLD LV DQ XQFRPPRQ
W\SH FKDUDFWHUL]HG E\ IRUPDO WKRXJKW GLVRUGHU LQDSSURSULDWH DIIHFW DQG
EL]DUUH EHKDYLRXU ,W XVXDOO\ KDV QRW JRRG FOLQLFDO KLVWRU\ DQG DOVR WKH
SURJQRVLVLVQRWIDYRXUDEOH3DWKRSK\VLRORJ\DQGPHWDEROLFEUDLQFKDQJHV
UHJLRQDOEUDLQPHWDEROLVPRIWKLVW\SHDUHQRWZHOOHVWDEOLVKHG7KHDLPRI
RXUFDVHVWXG\LVWRSUHVHQWUHVXOWVRI)'*3(7DQGT((*LQYHVWLJDWLRQV
RI\HDUVROGPDQZLWKGLVRUJDQL]HGVFKL]RSKUHQLDLQWKHFRQWH[WZLWKWKH
UHFHQWIXQFWLRQDOQHXURLPDJLQJ¿QGLQJV
0HWKRGV7KHUHJLRQDOEUDLQPHWDEROLVPZDVLQYHVWLJDWHGE\WKHXVHRI)
GHR[\JOXFRVH3RVLWURQ(PLVVLRQ7RPRJUDSK\ )'*3(7 LQ WKH UHVWLQJ
VWDWH7KHRQHVDPSOHWWHVW630ZDVXVHGWRGHWHUPLQHWKHGLIIHUHQFHV
EHWZHHQRXUKHEHSKUHQLFSDWLHQWDQGFRQWUROJURXSRIKHDOWK\SHUVRQV1 
0)PHDQDJH VG 7KH'LQWUDFHUHEUDOGLVWULEXWLRQRIQHX
URQDOHOHFWULFDODFWLYLW\FXUUHQWGHQVLW\IURPWKHVFDOSUHFRUGHGSRWHQWLDO
GLVWULEXWLRQZDVDVVHVVHGZLWK/RZ5HVROXWLRQ%UDLQ(OHFWURPDJQHWLF7RP
RJUDSK\/25(7$TXDQWLWDWLYH((*DQDO\VLV/25(7$FRPSXWHVFXUUHQW
GHQVLW\DWHDFKYR[HOLQWKHEUDLQDVWKHOLQHDUZHLJKWHGVXPRIWKHVFDOS
HOHFWULFSRWHQWLDOV,QWKLVFRQWH[WZHLQYHVWLJDWHGRXUSDWLHQWE\WKHXVHRI
((* LQ GLIIHUHQW FRQGLWLRQV DV GUXJQDLYH DQG DV RODQ]DSLQHPHGLFDWHG
DQGZHFRPSDUHGWKHUHVXOWVZLWKQRUPDOFRQWUROVXEMHFWV
5HVXOWV ,Q RXU 3(7 LQYHVWLJDWLRQ ZH IRXQG D VLJQL¿FDQWO\ LQFUHDVHG
PHWDEROLVP LQ WKH XQFXV %$  PLGGOH DQG VXSHULRU WHPSRUDO J\UXV
%$ DQGLQIHULRUDQGPLGGOHIURQWDOJ\UXV%$ RQWKHULJKW
VLGHDQGRFFLSLWDOUHJLRQVELODWHUDOO\7KHORZHUPHWDEROLVPZDVIRXQGRQO\
LQWKHULJKWSUHFHQWUDOJ\UXVS 7KH3(7¿QGLQJVFRUHVSRQGDWHZLWK
T((*/25(7$
&RQFOXVLRQV2XUGDWDLQGLFDWHWKHGRPLQDQWLQJLQFUHDVHRIEUDLQPHWDER
OLVP LQ WKH ULJKW IURQWRWHPSRUROLPELF VWUXFWXUHV DV WKH VXEVWUDWH IRU WKH
FKDUDFWHULVWLF QHXURELRORJLFDO G\VIXQFWLRQ LQ WKH KHEHSKUHQLF VFKL]RSKUH
QLD
7KLVZRUNZDVVXSSRUWHGWKH,*$0=&5JUDQW1)DQGWKH0607
&5SURMHFW0
5HIHUHQFHV
/LGGOH3)&HUHEUDOEORRGÀRZDQGPHQWDOSURFHVVHVLQVFKL]RSKUHQLD
-RXUQDORIWKH5R\DO6RFLHW\RI0HGLFLQH9ROXPH$SULO
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6FKU|GHU - HW DO &HUHEUDOPHWDEROLF DFWLYLW\ FRUUHODWHV RI VXEV\Q
GURPHVLQFKURQLFVFKL]RSKUHQLD6FKL]RSKUHQLD5HVHDUFK
+RUiFHN-HWDO5HVWLQJUHJLRQDOEUDLQPHWDEROLVPLQSDWLHQWVZLWK
VFKL]RSKUHQLD)'*3(7VWXG\3V\FKLDWULH6XSSO
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1HXURQDO6HQVLWL]DWLRQWR&OR]DSLQHDVDQ$XJPHQWDWLRQ
7KHUDS\WR'UXJ5HVLVWDQW6FKL]RSKUHQLD
(OLDV$QJHORSRXORV
8QLYHUVLW\RI$WKHQV$HJLQLWLRQ+RVSLWDO'HSDUWPHQWRI3V\FKLD
WU\*UHHFH
6*DW]RQLV*3DQDJRSRXORV30RXUW]RXFKRX+7VHNRX
+6DUGL('DVNDORSRXORX-0DQWRQDNLV&56ROGDWRV
2EMHFWLYHV D WR VWXG\ WKH HI¿FDF\ RI ORZ GRVHV PJ SHU GD\ RI
FOR]DSLQHRYHUULVSHULGRQHLQ'UXJ5HVLVWDQW6FKL]RSKUHQLDDXJPHQWDWLRQ
WUHDWPHQWEWRVWXG\SRVVLEOHFKDQJHVLQWKHQHXURQDOH[FLWDELOLW\RIPRWRU
FRUWH[LQGXFHGE\ORZGRVHVRIFOR]DSLQHRIDXJPHQWDWLRQWUHDWPHQW
0HWKRGV FOR]DSLQH PJRQFHDGD\ZHUHDGGHG WRDQRQJRLQJVWDEOH
GUXJWUHDWPHQWRIFKURQLFDOO\ LOOVFKL]RSKUHQLF LQSDWLHQWV6XEMHFWVQ 
ZHUHUDQGRPO\DVVLJQHGWRZHHNVRISODFHERRUDQ\DFWLYHGUXJ6XEMHFWV
SK\VLFLDQVDQGFOLQLFVWXIIZHUHEOLQGWRWKHGUXJFRQGLWLRQ6XEMHFWVZHUH
HYDOXDWHGZLWK3$166(YHU\ZHHNVEORRGFHOOZHUHFRXQWHG
3DWLHQWV UHFHLYLQJ WKH FOR]DSLQH DXJPHQWDWLRQ WUHDWPHQW ZHUH DOVR WHVWHG
WKURXJK VLQJOHSXOVH 706 EHIRUH DQG DIWHU WKH  GD\V RI WKH FOR]DSLQH
LQWURGXFWLRQ7KLVZDVDSSOLHGLQRUGHUWRREWDLQFKDQJHVLQPRWRUWKUHVKROG
WKHPLQLPXPPDJQHWLFLQWHQVLW\UHTXLUHGWRHOLFLWDPRWRUHYRNHGSRWHQWLDO
LQERWKKHPLVSKHUHV
5HVXOWV 'DWD DQDO\VLV UHYHDOHG WKDW FOLQLFDO LPSURYHPHQW FKDQJH RI
3$166!KDVRFFXUUHG LQRISDWLHQWV GXULQJ FOR]DSLQH DXJPHQ
WDWLRQ WUHDWPHQW0RUHRYHU WKHUHZDV D VLJQL¿FDQW GHFUHDVH LQ WKHPRWRU
WKUHVKROGZKLFKZDVPHDVXUHGGD\VDIWHUWKHLQLWLDWLRQRIWKHFOR]DSLQH
WUHDWPHQW S7KH FKDQJHV LQPRWRU WKUHVKROGZHUHREVHUYHG LQ WKH
OHIWKHPLVSKHUHIRUULJKWKDQGHGSDWLHQWVZKLOHWKHULJKWKHPLVSKHUHZDV
XQDIIHFWHG
&RQFOXVLRQV /RZ GRVHV RI FOR]DSLQH ZKHQ DGPLQLVWHUHG RYHU IXOO ULV
SHULGRQH WUHDWPHQW DUH HI¿FLHQW LQ UHGXFLQJ ERWK SRVLWLYH DQG QHJDWLYH
V\PSWRPVLQ'UXJ5HVLVWDQW6FKL]RSKUHQLFSDWLHQWVZKRDUHDOVRUHVLVWDQW
WR ULVSHULGRQH PRQRWKHUDS\ &KDQJHV LQ 706 WKUHVKROG RI PRWRU FRUWH[
ZKLFKZHUHLQGXFHGE\FOR]DSLQHDSSOLFDWLRQPD\XQGHUOLHWKHPHFKDQLVP
RIWKHUDSHXWLFDFWLRQRIFOR]DSLQH
32
$&OLQLFDO5ROHIRU'$76FDQLQWKH'LVWLQFWLRQEHWZHHQ3UH
DQG3RVW6\QDSWLF3DUNLQVRQLVP$ERXWD&DVH
&DWKHULQH%XKO
&+8%LFrWUH$3+38QLYHUVLWp3DULV;,)UDQFH
(PPDQXHOOH&RUUXEOH3DWULFN+DUG\-HDQ3LHUUH6FKXVWHU
2EMHFWLYHV'HPHQWLDZLWK/HZ\ERGLHV'/%DFFRXQWVIRUWRRI
GHPHQWLDFDVHVDQGUHTXLUHVVSHFL¿FPDQDJHPHQW'LDJQRVWLFRIWKLVDIIHF
WLRQLVFRPSOLFDWHGE\WKHKLJKIUHTXHQF\RISV\FKLDWULFV\PSWRPV2YHU
VHQVLWLYLW\WRDQWLSV\FKRWLFVVLGHHIIHFWVLVSUHVHQWLQ'/%EXWLVVRPHWLPHV
KDUGO\ GLVWLQJXLVKHG IURP 'UXJ ,QGXFHG 3DUNLQVRQLVP ',3 )XQFWLRQDO
LPDJLQJRIWKHGRSDPLQHWUDQVSRUWHU'$7PD\¿QGKHUHFOLQLFDOLPSOLFD
WLRQVE\GLVFULPLQDWLQJSUHDQGSRVWV\QDSWLFSDUNLQVRQLDQV\QGURP
0HWKRGV5HYLHZRIOLWHUDWXUHDQGFDVHUHSRUW
5HVXOWV,QWHJULW\RIWKHQLJURVWULDWDOGRSDPLQHUJLFSDWKZD\VFDQEHDVVHVV
E\LPDJLQJWKHGRSDPLQHWUDQVSRUWHUZLWK63(&7VLQJOHSKRWRQHPLVVVLRQ
FRPSXWHUHGWRPRJUDSK\
,Q'/%WKHUHLVDUHGXFHGELQGLQJWRGRSDPLQHXSWDNHVLWHLQWKHSXWDPHQ
DQGDORVVRISUHV\QDSWLFGRSDPLQHUJLFFHOOVZKLFKLVDFFRPSDQLHGZLWKWKH
ORVVRIGRSDPLQHWUDQVSRUWHU7KHUHIRUH'$76FDQPDNHSRVVLEOHWKHGLV
WLQFWLRQEHWZHHQ'/%DQGGUXJLQGXFHGSDUNLQVRQLVPLQZKLFKSUHV\QDSWLF
GRSDPLQHUJLFQHXURQVDUHSUHVHUYHG
,QRXUFDVHUHSRUW'/%ZDVVXVSHFWHGLQD\HDUROGZRPDQZLWKVWURQJ
QHXUROHSWLFVVLGHHIIHFWVZLWKORZGRVHRIKDORSHULGRO6KHZDVWUHDWHGIRU
UHFXUUHQFH RIPDMRU GHSUHVVLYH HSLVRGH DQG SUHVHQWHGPRRG LQFRQJUXHQW
DXGLWRU\KDOOXFLQDWLRQVRIFKLGKRRGVRQJV
'$7VFDQGLGQRWVKRZUHGXFWLRQRIVWULDWDOXSWDNHLHLQWHJULW\RISUHV\Q
DSWLFGRSDPLQHUJLFQHXURQV7KLVUHVXOWVXJJHVWHGWKDWREVHUYHGSDUNLQVRQ
LVPZDVGXHWR',3)ROORZXSFRQ¿UPHGWKLVUHVXOW
&RQFOXVLRQV'LIIHUHQWLDOGLDJQRVLVRI',3YHUVXV'/%LVRIFOLQLFDOYDOXH
EHFDXVH RI GLIIHUHQW WKHUDSHXWLF DQG SURJQRVWLF LPSOLFDWLRQV 'RSDPLQH
WUDQVSRUWHU LPDJLQJ FDQ KHOS PDNLQJ WKLV GLFWLQFWLRQ LQ URXWLQH FOLQLFDO
SUDFWLFH
5HIHUHQFHV
7RORVD(&RHOKR0*DOODUGR0'$7LPDJLQJ LQGUXJLQGXFHGDQG
SV\FKRJHQLFSDUNLQVRQLVP0RY'LVRUGVXSSO66
%RRLM-6SHHOPDQ-'HWDO7KHFOLQLFDOEHQH¿WRILPDJLQJVWULDWDO
GRSDPLQH WUDQVSRUWHUV ZLWK >,@)3&,7 63(7 LQ GLIIHUHQWLDWLQJ SDWLHQWV
ZLWKSUHV\QDSWLFSDUNLQVRQLVPIURPWKRVHZLWKRWKHUIRUPVRISDUNLQVRQLVP
(XU-1XFO0HG
0DUVKDOO 9 *URVVHW ' 5ROH RI GRSDPLQH WUDQVSRUWHU LPDJLQJ LQ
URXWLQHFOLQLFDOSUDFWLFH0RY'LVRUG'HF
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\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32
3RVWHU6HVVLRQ1R
32
'LDEHWLF.HWRDFLGRVLVLQ3DWLHQW7UHDWHGE\5LVSHULGRQH
9HQFL)$QDVWDVRY
3V\FKLDWULF+RVSLWDOÄ6NRSMH³0DFHGRQLD
7DWMDQD0LOHQNRYLF6ODYND+ULVWRYVND
2EMHFWLYHV6RIDUZDVDFFHSWHGWKDWDQWLSV\FKRWLFUHODWHGGLDEHWHVPHOOLWXV
'0FDQRFFXUVDV7\SH,,ZLWKSUHYLRXVZHLJKWJDLQ5HFHQWO\KDVEHHQ
UHSRUWHG WKDW DW\SLFDO DQWLSV\FKRWLFV FDQ FDXVH HYHQGLDEHWLF NHWRDFLGRVLV
'.$ZKLFKPD\RFFXUVHDUO\LQWKHWUHDWPHQWDQGPD\QRWEHDVVRFLDWHG
ZLWKZHLJKWJDLQ
&DVH 5HSRUW 0U 06 D \HDUVROGPDQ GLHG LQ VHYHUH '.$ /DVW
 \HDUV KHZDVZLWK VHYHUDO SV\FKRWLF HSLVRGHV ,Q WKH EHJLQQLQJ KHZDV
WUHDWHG ZLWK FODVVLFDO DQWLSV\FKRWLFV:LWK 5LVSHULGRQH ZDV WUHDWHG 6HS
'HFPJGD\DQG)HE0D\PJGD\)LUVWV\PSWRPVRI'0
DSSHDUHG LQ -XQH  DV SRO\SKDJLD SROLXULD SROLGLSVLD VXGGHQZHLJKW
ORVLQJ«EORRGVXJDUZDVPPROO1RYKHZDVDGPLWWHGIRUD¿UVW
WLPHDWWKH&OLQLFRI(QGRFULQRORJ\ZLWKDIHDWXUHRIW\SLFDO'.$DQG7\SH
'07KHEORRGVXJDUZDVPPROODQGVXJDUDQGNHWRQVLQXULQHZLWK
+LVZHLJKWZDVNJKHLJKWFPDQG%RG\0DVV,QGH['XHWR
GLVFRQWLQXDWLRQRILQVXOLQWUHDWPHQWLQWKHQH[WPRQWKVKHZDVKRVSLWDO
L]HG VHYHUDO WLPHV LQ VLPLODU FRQGLWLRQV )LQDOO\ RQ WK RI -XQH  KH
FRPHVLQVHYHUH'.$DQGGLHGRQO\KRXUVDIWHUDGPLWWLQJLQWKH&OLQLF
&RQFOXVLRQV7KLVDQGPDQ\RWKHU UHFHQW UHSRUWV LQ WKH OLWHUDWXUH VXJJHVW
WKDWVXGGHQDQGVHYHUHRFFDVLRQDOO\IDWDO'.$FDQHPHUJHGXULQJ WUHDW
PHQWZLWKVRPHDW\SLFDODQWLSV\FKRWLFVHYHQLQWKHDEVHQFHRIDGLSRVLW\7R
DYRLGWKLVVLGHHIIHFWWKHJXLGHOLQHVRI$'$&RQVHQVXVVKRXOGEHIROORZHG
5HIHUHQFHV
1DVUDOODK +  .HHSLQJ WROHUDELOLW\ LQ PLQG (QVXULQJ DGKHUHQFH WR
PDLQWDLQUHFRYHU\3UHVHQWHGDWWKH$PHULFDQ3V\FKLDWULF$VVRFLDWLRQWK
$QQXDO0HHWLQJ1HZ<RUN86$0D\
$'$&RQVHQVXVGHYHORSPHQWFRQIHUHQFHRQDQWLSV\FKRWLFGUXJVDQG
REHVLW\DQGGLDEHWHV'LDEHWHV&DUH
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$&RPSDUDWLYH(IILFDF\DQG6DIHW\6WXG\RI/RQJ$FWLQJ
5LVSHULGRQH&RQVWDDQG5LVSHULGRQH2UDO7DEOHWV:HHN
5DQGRPL]HG6LQJOH%OLQG6WXG\
<D0HL%DL
'HSDUWPHQWRI3V\FKLDWU\<X/L9HWHUDQV+RVSLWDO7DLZDQ
%RMLDQ:X7]X7LQJ&KHQ&KLK+XQJ+XQJ:HQ.XR/LQ
7VXQJ0LQJ+X&KLK<XDQ/LQ6WHIDQ0HLHU9LNWRU%DXHU
2EMHFWLYHV5LVSHULGRQH/RQJ$FWLQJ ,QMHFWLRQ 5/$,KDG VKRZHGSRVL
WLYHUHVXOWVLQSUHYLRXVVWXGLHVEXWPRVWVDPSOHVZHUHFDVHPL[RIRXWSDWLHQW
DQGLQSDWLHQWVDQGZLWKYDULHW\RIRULJLQDODQWLSV\FKRWLFV7KHWDUJHWVDPSOH
RIWKLVZHHNUDQGRPL]HGVLQJOHEOLQGVWXG\ZDVV\PSWRPDWLFDOO\VWDEOH
VFKL]RSKUHQLF LQSDWLHQWV ZLWK ULVSHULGRQH RUDO WDEOHWV ZLWK HTXDOLW\ RI
RULJLQDODQWLSV\FKRWLFVDQGFRPSOLDQFHRILQSDWLHQWVWKHHI¿FDF\DQGVDIHW\
EHWZHHQ 5/$, DQG RUDO ULVSHULGRQH FDQ EHHQ FRPSDUHG FRQVFLHQWLRXVO\
EHFDXVH5/$,LVPRUHH[SHQVLYHWKDQRUDOULVSHULGRQH
0HWKRGV )LIW\ V\PSWRPDWLFDOO\ VWDEOH VFKL]RSKUHQLD LQSDWLHQWVZLWK RUDO
ULVSHULGRQHPRUHWKDQPRQWKVZHUHUDQGRPO\DVVLJQHGWRFRQWLQXHULVS
HULGRQHRUDOWDEOHWVRUUHFHLYH5/$,PJPJDQGPJZLWKGRVH
HTXLYDOHQF\ VZLWFKLQJ PHWKRG 7KH PHDVXUHPHQW RI HI¿FDF\ DQG VDIHW\
ZHUHFKDQJHVLQ3RVLWLYHDQG1HJDWLYH6\QGURPH6FDOH3$166&OLQLFDO
*OREDO,PSUHVVLRQ&*,VHYHULW\VFDOH*OREDO$VVHVVPHQWRI)XQFWLRQLQJ
*$)$EQRUPDO ,QYROXQWDU\0RYHPHQW 6FDOH $,06 6LPSVRQ$QJXV
6FDOH 6$6 %DUQHV$NDWKLVLD 6FDOH %$68GYDOJ IRU.OLQLVNH8QGHU
VRJHOVHU 8.86LGH(IIHFW5DWLQJ6FDOH0HGLFDO2XWFRPH6WXG\6KRUW
)URP+HDOWK6XUYH\6)9LVXDO$QDORJXH6FDOHV9$6DVVHVVLQJ3DLQ
WUHDWPHQW6DWLVIDFWLRQELRFKHPLVWU\DQGSURODFWLQDVVD\
5HVXOWV )RUW\QLQH SDWLHQWV FRPSOHWHG WKH VWXG\ZLWK FRPSOHWLRQ UDWH RI
7KH EDVHOLQH FKDUDFWHULVWLFVZHUH VLPLODU IRU WKHVH WZR JURXSV DQG
FOLQLFDO HI¿FDF\ PDLQWDLQHG VWDEOH GXULQJ WKH VWXG\ SHULRG 7KH 5/$,
VKRZHG VLJQL¿FDQWO\ LPSURYHG 8.8 VLGH HIIHFW SUR¿OH  YV 
S  WKDQ RUDO 5LVSHULGRQH ZLWK DOO VXEVFRUH JRW LPSURYHG DQG WKH
LWHPV RI ODVVLWXGH S  LQFUHDVHG VDOLYDWLRQ S  JRW VLJQL¿FDQW
LPSURYHPHQW7KH6RFLDOOLIHRI6)YVS DQGUHGXFHG
SURODFWLQOHYHOYVS ZHUHDOVRQRWHGZLWK5/$,WKDQRUDO
5LVSHULGRQH7KH3DLQ9$6VFRUHIRU5/$,ZDVIDLU2WKHUPHDV
XUHPHQWVZHUHVLPLODUIRUWKHVHWZRJURXSV
&RQFOXVLRQV 6\PSWRPDWLFDOO\ VWDEOH SDWLHQWV FDQ EH VPRRWKO\ VZLWFKHG
IURP RUDO ULVSHULGRQH WDEOHW WR 5/$, ZLWK GRVH HTXLYDOHQF\ VZLWFKLQJ
PHWKRG DQG 5/$, KDG VXSHULRULW\ RI VLGH HIIHFW SUR¿OH OLIH TXDOLW\ DQG
SURODFWLQOHYHO
5HIHUHQFHV
.DQH-0(HUGHNHQV0/LQGHQPD\HU-3HWDO/RQJDFWLQJLQMHFW
DEOHULVSHULGRQHHI¿FDF\DQGVDIHW\RIWKH¿UVWORQJDFWLQJDW\SLFDODQWLSV\
FKRWLF$P-3V\FKLDWU\
)OHLVFKKDFNHU :: (HUGHNHQV 0 .DUFKHU . HW DO  7UHDWPHQW
RI VFKL]RSKUHQLD ZLWK ORQJDFWLQJ LQMHFWDEOH ULVSHULGRQH D PRQWK
RSHQODEHO WULDO RI WKH ¿UVW ORQJDFWLQJ VHFRQGJHQHUDWLRQ DQWLSV\FKRWLF
-&OLQ3V\FKLDWU\
&KXH3(HUGHNHQV0$XJXVW\QV,HWDO&RPSDUDWLYHHI¿FDF\DQG
VDIHW\RIORQJDFWLQJULVSHULGRQHDQGULVSHULGRQHRUDOWDEOHWV(XU1HXURSV\
FKRSKDUPDFRO
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3V\FKRSKDUPDFRWKHUDS\LQWKH7UHDWPHQWRI%XUQ,QMXUHG
3DWLHQWV
0DULMDQD%UDV
3V\FKLDWULF&OLQLF8QLYHUVLW\+RVSLWDO2VLMHN&URDWLD
=RUDQ/RQFDU
2EMHFWLYHV6XVWDLQLQJDEXUQLQMXU\LVRIWHQD WUDXPDWLFH[SHULHQFHZLWK
ORQJWHUPSK\VLFDODQGSV\FKRVRFLDOHIIHFWV7KHUHLVWKHJURZLQJHYLGHQFH
IRUWKHQHHGRIKROLVWLFDSSURDFKWRSKDUPDFRWKHUDS\RIVHYHUHO\EXUQHGSD
WLHQWVLQFOXGLQJSV\FKRSKDUPDFRWKHUDS\IRUWKHVHGDWLRQDQGDPHOLRUDWLRQ
RISV\FKRVRFLDOSUREOHPVDVVRFLDWHGZLWKEXUQVDVZHOODVIRUSDLQFRQWURO
7KHSXUSRVHRIWKLVVWXG\ZDVWRUHWURVSHFWLYHO\UHYLHZWKHUHFRUGVRIDGXOW
EXUQSDWLHQWVUHJDUGLQJWKHXVHRISV\FKRWURSLFDJHQWVLQWKHLUWUHDWPHQWV
0HWKRGV7KHSDWLHQWVZLWKVHYHUHEXUQVZKRZHUHKRVSLWDOO\WUHDWHG
GXULQJ WKH\HDUDW WKH8QLYHUVLW\+RVSLWDORI7UDXPDWRORJ\=DJUHE
&URDWLDZHUH VHOHFWHG DV WKH VDPSOH IRU WKLV VWXG\ )URP WKH SDWLHQWV LQ
FOXGHGLQWKHVWXG\ZHUHPDOHVZHUHIHPDOHV
DJHGEHWZHHQ DQG PHDQ DJHZDV7KHKRVSLWDO VWD\ UDQJHG
IURPWRGD\VDYHUDJH GD\V7KHH[WHQWRIWKHLULQMXUHVUDQJHG
IURPVPDOOQ ODUJHQ DQGH[WHQVLYHQ
 7KHPHDQEXUQHG WRWDOERG\VXUIDFHDUHD7%6$ZDV7KH
GHSWKRIWKHEXUQVUDQJHGIURP¿UVWGHJUHHQ VHFRQGGHJUHH
,,$Q ,,%Q WKLUGGHJUHHQ 
WRIRXUWKGHJUHHQ 7KHPRUWDOLW\UDWHZDVQ 2Q
WKHEDVHRIPHGLFDOUHFRUGVWKHDXWKRUVDQDO\VHGWKHFODVVHVRISV\FKRWURSLF
DJHQWVSUHVFULEHGWRSDWLHQWVDVZHOODVWKHLUDYHUDJHGDLO\GRVHV$OVRWKH
DXWKRUV DQDO\VHGZKHWKHU WKHSDWLHQWVKDGSUHYLRXVSV\FKLDWULFKLVWRU\ DV
ZHOODVWKHORFDOL]DWLRQRIEXUQV
5HVXOWV 3V\FKRWURSLF DJHQWV KDYH EHHQ SUHVFULEHG IRU DOO SDWLHQWV 7KH
PHGLFDWLRQ PRVW IUHTXHQWO\ SUHVFULEHG LQ WUHDWLQJ DQ[LHW\ ZDV GLD]HSDP
Q 0LGD]RODPZDVUHDGLO\XWLOL]HGLQWKHSUHRSHUDWLYHWUHDW
PHQWDQGIRUWKHVHGDWLRQRISDWLHQWVZLWKPHFKDQLFDOO\DVVLVWHGYHQWLODWLRQ
$PRQJ K\SQRWLFV SDWLHQWV ZHUH PRVWO\ WUHDWHG ZLWK ]ROSLGHP 
$QWLGHSUHVVDQWV ZHUH SUHVFULEHG WRR OLWWOH FRPSDULQJ WR WKH SHUFHLYHG
SUHYDOHQFHRIGHSUHVVLRQDQGWKHLUXVHDVDGMXYDQWWKHUDS\IRUSDLQ$PRQJ
DQWLSV\FKRWLFVSDWLHQWVZHUHPRVWO\WUHDWHGZLWKKDORSHULGRO3DLQPHGLFD
WLRQZHUHSUHVFULEHGWRDOOKRVSLWDOL]HGSDWLHQWVPRVWO\WUDPDGRO7KHDYHU
DJHGDLO\GRVHRIWUDPDGROZDVPJ7UDPDGROKDVLPSRUWDQWLQWHUDFWLRQV
ZLWKRWKHUSV\FKRWURSLFGUXJVZKLFKPXVWEHFRQVLGHUHG
&RQFOXVLRQV7KHVHULRXVO\EXUQHGSDWLHQWQHHGSV\FKRWURSLFDJHQWVIURP
WKHWLPHRILQMXU\WRIXOOUHFRYHU\DQGWKLVQHHGLVLQFUHDVLQJDVPRGHUQEXUQ
FHQWHUVDUHGUDPDWLFDOO\LPSURYLQJVXUYLYDOUDWHV3V\FKRSKDUPDFRWKHUDS\
DORQH LV UDUHO\ VXI¿FLHQW WR SURYLGH FRPSOHWH UHPLVVLRQ RI SV\FKRORJLFDO
GLVWXUEDQFHVRIEXUQSDWLHQWV)XUWKHUUHVHDUFKRQHI¿FDF\DQGLQWHUDFWLRQV
RISV\FKRWURSLFGUXJVZLOOKHOSXV LQRXUFOLQLFDOZRUN ,W LVQHFHVVDU\ WR
LQFRUSRUDWHSV\FKRSKDUPDFRWKHUDS\ LQ WKHDOJRULWKPRI WUHDWPHQWRIEXUQ
LQMXUHGSDWLHQWV
039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
5HIHUHQFHV
$QWHEL'7KHSV\FKLDWULVWRQWKHEXUQVXQLW%XUQV
7XFNHU33V\FKRORJLFDOSUREOHPVDPRQJDGXOWEXUQYLFWLPV%XUQV

:KLWH$&  3V\FKLDWULF VWXG\ RI SDWLHQWVZLWK VHYHUH EXUQ LQMXULHV
%ULWLVK0HGLFDO-RXUQDO
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1HXURFRJQLWLYH)XQFWLRQDIWHU7UHDWPHQWZLWK/LWKLXPRU
2ODQ]DSLQH
0LFKDHO&DVH
(OL/LOO\DQG&RPSDQ\86$
'HERUDK$<XUJHOXQ7RGG6WDFL$*UXEHU5LFKDUG5LVVHU
6XVDQ'%ULJJV
%DFNJURXQG 1HXURFRJQLWLYH IXQFWLRQ KDV JDLQHG LQFUHDVLQJ UHFRJQLWLRQ
DVDQLPSRUWDQWIDFWRULQWKHFRXUVHRIELSRODUGLVRUGHU$QXPEHURIVWXG
LHVKDYHSURSRVHGWKDWFRJQLWLYHSHUIRUPDQFHPD\SOD\DUROHLQWKHRQVHW
RI WKH LOOQHVVZKLOH DGGLWLRQDO VWXGLHV KDYHKLJKOLJKWHG WKH LPSRUWDQFHRI
QHXURFRJQLWLYH DELOLW\ LQ WUHDWPHQW RXWFRPH 7KH FXUUHQW LQWHUQDWLRQDO
LQYHVWLJDWLRQ H[DPLQHG QHXURFRJQLWLYH SHUIRUPDQFH DQG FOLQLFDO RXWFRPH
SURVSHFWLYHO\ LQ  ELSRODU SDWLHQWV HQWHUHG LQ D GRXEOH EOLQG ZHHN
PXOWLVLWHVWXG\RIRODQ]DSLQHYHUVXVOLWKLXPZKRFRPSOHWHGQHXURFRJQLWLYH
WHVWLQJDQGUDWLQJVRIFOLQLFDOV\PSWRPV
0HWKRGV 3DWLHQWVZHUH VWUDWL¿HG E\ ERWK WUHDWPHQW DQG UHODSVH VWDWXV LQ
RUGHUWRLGHQWLI\WKHFKDQJHVLQFRJQLWLYHSURFHVVLQJDELOLW\DVVRFLDWHGZLWK
GUXJ W\SH LQ QRQUHODSVLQJ ELSRODU SDWLHQWV0HDQ FKDQJHV IURP EDVHOLQH
WRHQGSRLQW/2&)ZHUHDVVHVVHGZLWKDQDQDO\VLVRIYDULDQFHFRQWDLQLQJ
WHUPVIRUWKHUDS\DQGFRXQWU\
5HVXOWV:KLOHUHODSVHIUHHWUHDWPHQWVXEJURXSVGLGQRWGLIIHUVLJQL¿FDQWO\
RQ<056 RU +$0' FKDQJH VFRUHV WKH\ GLG GHPRQVWUDWH D QXPEHU RI
VLJQL¿FDQWFKDQJHVRQFRJQLWLYHSHUIRUPDQFH2QWKH5H\$XGLWRU\9HUEDO
/HDUQLQJ7HVW 5$9/7 WKH OLWKLXP WUHDWHG JURXS VKRZHG D VLJQL¿FDQWO\
JUHDWHULPSURYHPHQWLQUHFDOORIWKH¿UVWZRUGOLVWS DQGDWUHQGIRU
LPSURYHG WRWDO UHFDOO S  FRPSDUHG WR WKRVH WUHDWHGZLWK RODQ]DSLQH
,Q FRQWUDVW WKH RODQ]DSLQH WUHDWHG JURXS VKRZHG D VLJQL¿FDQWO\ JUHDWHU
LPSURYHPHQWRQWKH:065'LJLW)RUZDUGVXEWHVWS ZLWKDWUHQG
WRZDUGLPSURYHPHQWRQWKHRYHUDOO:065'LJLW6SDQ7HVWS FRP
SDUHGWROLWKLXPWUHDWPHQW6LJQL¿FDQWO\JUHDWHULPSURYHPHQWZDVDOVRVHHQ
IRU WKH OLWKLXP WUHDWHG SDWLHQWV UHODWLYH WR WKH RODQ]DSLQH WUHDWHG SDWLHQWV
RQWKHQXPEHURIFDWHJRULHVFRPSOHWHGRQWKH:LVFRQVLQ&DUG6RUWLQJ7HVW
:&67S DQGRQWKH,PPHGLDWH5HFDOORIWKH5H\&RPSOH[)LJXUH
7HVW52&)S 
&RQFOXVLRQV ,PSURYHGRUJDQL]DWLRQDO FDSDFLW\ DQG LPPHGLDWH UHFDOOZDV
VHHQLQOLWKLXPWUHDWHGSDWLHQWVZKHUHDVLPSURYHGDWWHQWLRQDOFDSDFLW\ZDV
VHHQ LQ WKH RODQ]DSLQH WUHDWHG SDWLHQWV 7KHVH ¿QGLQJV VXJJHVW WKDW ERWK
RODQ]DSLQHDQG OLWKLXP WUHDWPHQW UHVXOW LQ LPSURYHGFRJQLWLYH IXQFWLRQ LQ
QRQUHODSVLQJELSRODUSDWLHQWVDQGWKDWWKHVHLPSURYHPHQWVDUHREVHUYHGLQ
GLIIHUHQWFRJQLWLYHGRPDLQV
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6ZLWFKLQJWR/RQJ$FWLQJ5LVSHULGRQH6\PSWRP
,PSURYHPHQWDQG6DIHW\
%HUQDUGR&RQGH
-DQVVHQ3KDUPDFHXWLFD3KLOLSSLQHV
)DUHGD)ORUHV3DFLWD6DOFHGD(GJDUGR-XDQ7ROHQWLQR
2EMHFWLYHV7RHYDOXDWHV\PSWRPDQGJOREDOLPSURYHPHQWDQGWKHVDIHW\RI
VZLWFKLQJIURPSUHYLRXVDQWLSV\FKRWLFV WR ORQJDFWLQJ ULVSHULGRQHZLWKRXW
RUDO ULVSHULGRQH UXQLQ LQ )LOLSLQR SDWLHQWV ZLWK VFKL]RSKUHQLD RU RWKHU
SV\FKRWLFGLVRUGHUV
0HWKRGV6HYHQW\IRXU)LOLSLQRSDWLHQWVIURPFHQWHUVDFURVVWKH3KLOLS
SLQHVSDUWLFLSDWHGLQWKLV±ZHHNRSHQ±ODEHOSKDVH,9FOLQLFDOWULDO$GXOW
SDWLHQWV GLDJQRVHGZLWK VFKL]RSKUHQLD Q  VFKL]RSKUHQLIRUP Q  RU
VFKL]RDIIHFWLYHGLVRUGHUQ DFFRUGLQJWR'60,9FULWHULDWDNLQJVWDEOH
GRVHVRIDQWLSV\FKRWLFVIRUWKHSUHYLRXVZHHNVDQGUHTXLULQJORQJWHUPDQ
WLSV\FKRWLFWKHUDS\ZHUHLQFOXGHGLQWKHVWXG\3UHYLRXVDQWLSV\FKRWLFVZHUH
GLVFRQWLQXHGDIWHUDWPRVWZHHNVIROORZLQJLQLWLDOLQMHFWLRQRIORQJDFWLQJ
ULVSHULGRQH/RQJDFWLQJ ULVSHULGRQHZDVVWDUWHGDWPJHYHU\ZHHNV
RUKLJKHUZKHQLQGLFDWHG'RVHVRIWULDOPHGLFDWLRQZHUHWLWUDWHGEDVHGRQ
WKHSDWLHQW¶VFOLQLFDOUHVSRQVH7UHDWPHQWZDVHYDOXDWHGHYHU\ZHHNVDIWHU
WKHLQLWLDO LQMHFWLRQ7KH3RVLWLYHDQG1HJDWLYH6\QGURPH6FDOH3$166
WKH&OLQLFDO*OREDO,PSUHVVLRQRI,OOQHVV6HYHULW\&*,66FDOHWKH*OREDO
$VVHVVPHQWRI)XQFWLRQLQJ*$)6FDOHDQGWKH0HGLFDO2XWFRPHV6WXG\
LWHP6KRUW)RUP+HDOWK6XUYH\ 6)ZHUHXVHG WR DVVHVV V\PSWRP
DQG JOREDO LPSURYHPHQW 6DIHW\ZDV HYDOXDWHG WKURXJK GRFXPHQWDWLRQ RI
FRQFRPLWDQWPHGLFDWLRQV DVVHVVPHQWZLWK WKH ([WUDS\UDPLGDO 6\PSWRPV
5DWLQJ 6FDOH (656 DQG UHFRUGLQJ RI RWKHU DGYHUVH HYHQWV 2I WKH 
SDWLHQWVHQUROOHGLQWKHVWXG\KDGDYDLODEOHGDWD$WRWDORISDWLHQWV
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URSK\VLRORJLFDOJURXQGV7KHDLPRIWKHSUHVHQWZRUNZDVLQYHVWLJDWLRQRI
WKHLQÀXHQFHVRI3LWXLWULQDQH[WUDFWHGSUHSDUDWLRQIURPSRVWHULRUSLWXLWDU\
RQEHKDYLRUDQGPHPRU\SURFHVVHV
0HWKRGV 7KH H[SHULPHQWV ZHUH SHUIRUPHG LQ PDOH DGXOW :LVWDU UDWV
ZHLJKLQJJUDPV$WWKH¿UVWVWDJHRIH[SHULPHQWVEHKDYLRURIWKH
DQLPDOVZDVVWXGLHGLQWKH2SHQ)LHOG,QWKHVHFRQGVHULHVRIH[SHULPHQWV
DFTXLVLWLRQRIWKHWZRZD\DYRLGDQFHFRQGLWLRQDOUHÀH[HVZDVLQYHVWLJDWHG
,QRUGHUWRFKDUDFWHULVWLFUHVSRQVHD'\QDPLFLQGH[ZDVXVHG9RVNUHVHQ
VNDLDDWDO
5HVXOWV,WZDVIRXQGWKDWZKLOHWHVWLQJRIWKHH[SHULPHQWDODQLPDOVLQWKH
VRFDOOHGVWUHVVRJHQLFPRGL¿FDWLRQRI WKH2SHQ)LHOGDGRPLQDQFHRI WKH
RULHQWLQJH[SORUDWRU\ EHKDYLRU ZDV REYLRXV DV FRPSDUHG WR WKH FRQWURO
JURXS DQLPDOV (YLGHQWO\ 3LWXLWULQ GHFUHDVHV WKH VWUHVVLQGXFHG DQ[LHW\
UHVSRQVHVDQGUHVXOWVLQQRUPDOL]DWLRQRIWKHDQLPDOV¶HPRWLRQDOVWDWXV7KH
H[SHULPHQWV KDYH VKRZQ WKDW RQ WKH EDFNJURXQG RI GDLO\ LQWUDSHULWRQHDO
DGPLQLVWUDWLRQRI3LWXLWULQDQDFFHOHUDWHGLQFUHDVHRIDYRLGDQFHUHVSRQVHV¶
G\QDPLF LQGLFHV ZDV REYLRXV 6WDWLVWLFDOO\ VLJQL¿FDQW GLIIHUHQFH EHWZHHQ
WKHFRQWURODQGH[SHULPHQWDODQLPDOVZDVUHYHDOHGDWDQLQLWLDOVWDJHRIWKH
UHVSRQVH IRUPDWLRQ WKLV VWDJH LV FKDUDFWHUL]HG ZLWK KLJKHU VWUHVVRJHQLF
HIIHFW
&RQFOXVLRQV6XPPDUL]LQJWKHUHVXOWVREWDLQHGLQERWKFRQGLWLRQDOUHVSRQVH
DFTXLVLWLRQDQGJHQHUDOEHKDYLRULQWKH2SHQ)LHOGZLWKDFHUWDLQGHJUHHRI
FRQ¿GHQFHLWPD\EHFRQFOXGHGWKDWWKHSUHSDUDWLRQXQGRXEWHGO\LQÀXHQFHV
WKHHPRWLRQDOPRWLYDWLRQDOIXQFWLRQRIWKHEUDLQDQGDFWLQJPDLQO\RQWKLV
OLQNFUHDWHV WKHRSWLPDOFRQGLWLRQV IRU OHDUQLQJDQGPHPRU\SURFHVVHV LQ
WKH FDVH ZKHQ VRPH IDFWRUV LQ RXU FDVH  WKH VWUHVV FRXQWHUDFW QRUPDO
FRXUVHRIWKHVHSURFHVVHV
5HIHUHQFHV
(QJHOPDQ0:RWMDN&71HXPDQQ,/XGZLJ0/DQGJUDI5
%HKDYLRUDO FRQVHTXHQFHVRI LQWUDFHUHEUDOYDVRSUHVVLQDQGR[\WRFLQ IRFXV
RQOHDUQLQJDQGPHPRU\1HXURVFL%LREHKDY5HY
9RVNUHVHQVNDLD 2 7LWRY 6 .DPHQVNLL$ *ROXERYLFK 9$VKPDULQ
, 7KH HIIHFW RI DQDORJV RI WKH &WHUPLQDWLRQ IUDJPHQW RI DUJLQ\O
YDVRSUHVVLQRQWKHG\QDPLFVRIWKHDFTXLVLWLRQRIDQDFWLYHDYRLGDQFHFRQ
GLWLRQHGUHDFWLRQLQUDWV=K9\VVK1HUY'HLDW,P,33DYORYD
32
5LVSHULGRQH3UHYHQWV5HODSVHRI'%'LQ&KLOGUHQ$GROHVFHQWV
$OLFH/H[
-DQVVHQ&LODJ*HUPDQ\
0DJDOL5H\HV-DQ%XLWHODDU,OVH$XJXVW\QV0DULHOOH(HUGHNHQV
2EMHFWLYHV 7KH JRDO RI WKH VWXG\ ZDV WR WHVW GLIIHUHQFHV LQ V\PSWRPV
UHODSVH DQG WR HYDOXDWH VDIHW\ LQ  SDUDOOHO WUHDWPHQW JURXSV ULVSHULGRQH
±PJGD\DQGSODFHERRYHU DPRQWKSHULRG IROORZLQJDQ LQLWLDO
PRQWKSKDVHRIDFXWH WUHDWPHQWDQGVWDELOL]DWLRQRI V\PSWRPVZLWK ULV
SHULGRQH
0HWKRGV7KLVLQWHUQDWLRQDOUDQGRPL]HGGRXEOHEOLQGSODFHERFRQWUROOHG
UHODSVHSUHYHQWLRQVWXG\LQFOXGHGSDWLHQWV±\HDUVZLWKGLVUXSWLYHEH
KDYLRUGLVRUGHUV'%'V3DWLHQWVZKRUHVSRQGHGZLWKLQZHHNVWRRSHQ
ODEHOWUHDWPHQWZLWKULVSHULGRQHDQGPDLQWDLQHGWKDWUHVSRQVHIRUZHHNV
ZHUHUDQGRPL]HGWRPRQWKVRIHLWKHUULVSHULGRQHRUSODFHER5LVSHULGRQH
WUHDWHG SDWLHQWV NJ UHFHLYHG ± PJGD\ DQG NJ UHFHLYHG
±PJGD\7KHSULPDU\HI¿FDF\SDUDPHWHUZDV WLPH WR UHODSVHDIWHU
VZLWFKLQJWRGRXEOHEOLQGWUHDWPHQW6HFRQGDU\SDUDPHWHUVLQFOXGHGVFRUHV
RQWKH&OLQLFDO*OREDO,PSUHVVLRQRI,PSURYHPHQW&*,,DQGWKHFRQGXFW
SUREOHPVXEVFDOHRIWKH1LVRQJHU&KLOG%HKDYLRU5DWLQJ)RUP1&%5)
6DIHW\ZDVDVVHVVHGE\UHSRUWHGDGYHUVHHYHQWVDQGFOLQLFDOPHDVXUHV
5HVXOWV  SDWLHQWV DYHUDJH ,4  HQWHUHG WKH VWXG\$W 
ZHHNV  SDWLHQWV HQWHUHG WKH PRQWK UHODSVHSUHYHQWLRQ SKDVH7KHUH
ZDVDVLJQL¿FDQWGLIIHUHQFHSEHWZHHQWKHWUHDWPHQWJURXSVLQ
WLPHWRUHODSVHDIWHUEHJLQQLQJGRXEOHEOLQG WUHDWPHQWSODFHERQ YV
ULVSHULGRQHQ 7KHVXEMHFWVZKRVZLWFKHGWRSODFHERWUHDWPHQWH[SH
ULHQFHGUHODSVHHDUOLHU WKDQ WKRVHZKRFRQWLQXHGRQULVSHULGRQH7KH
TXDUWLOHV RI UHODSVH WLPH WRZKHQ  VXEMHFWV UHODSVHG LQ WKH SODFHER
DQGULVSHULGRQHWUHDWPHQWJURXSVZHUHDQGGD\VUHVSHFWLYHO\$W
PRQWKV WKH.DSODQ0HLHU UHODSVH HVWLPDWHVZHUH SODFHERYHUVXV
ULVSHULGRQHS6HFRQGDU\HI¿FDF\PHDVXUHVDOVRIDYRXUHG
ULVSHULGRQH7KHPRVWFRPPRQDGYHUVHHYHQWVZHUHXSSHUUHVSLUDWRU\WUDFW
LQIHFWLRQ YVLQ ULVSHULGRQHDQGSODFHERJURXSV UHVSHFWLYHO\
UKLQLWLVYVSKDU\QJLWLVYVDQGKHDGDFKH
YV([WUDS\UDPLGDOV\PSWRPVZHUHUDUHDQGWKHUHZHUHQRUHSRUWVRI
WDUGLYHG\VNLQHVLD
&RQFOXVLRQV 7KHVH GDWD VXSSRUW ULVSHULGRQH IRU ORQJWHUP WUHDWPHQW RI
'%'VDQGH[WHQGSULRUUHVXOWVWRSDWLHQWVZLWKDYHUDJH,47KLVVWXG\VXJ
JHVWV WKDW SKDUPDFRORJLFDO LQWHUYHQWLRQ LV LPSRUWDQW WR SUHYHQW UHODSVH LQ
WKLVSRSXODWLRQ
039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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5LVSHULGRQH/RQJ$FWLQJ,QMHFWDEOH)ROORZLQJ'HSRW
1HXUROHSWLFV
$OLFH/H[
-DQVVHQ&LODJ0HGLFDO$IIDLUV(0($%HHUVH%HOJLXP
0$/DWLI376DOHHP3HU*OXH:-$UQROGXVVHQ
57HLMHLUR3HUPX\7LWR'H0DULQLV
2EMHFWLYHV7KHHI¿FDF\RIULVSHULGRQHORQJDFWLQJLQMHFWDEOHZDVLQYHVWL
JDWHGLQDGXOWVZLWKVFKL]RSKUHQLDRURWKHUSV\FKRWLFGLVRUGHUVSUHYLRXVO\
WUHDWHGZLWKHLWKHUKDORSHULGROGHFDQRDWH+$/RUÀXSKHQD]LQHGHFDQRDWH
)/8PRQRWKHUDS\
0HWKRGV 3DWLHQWV VWDEOH IRU  PRQWK EXW UHTXLULQJ D FKDQJH LQ DQWLS
V\FKRWLF PHGLFDWLRQ UHFHLYHG ULVSHULGRQH ORQJDFWLQJ LQMHFWDEOH  PJ
LQFUHDVHGWRPJRUPJLIQHFHVVDU\HYHU\GD\V
5HVXOWV7KHUHZHUHSDWLHQWVPDOHLQWKH+$/JURXSDQG
PDOHLQWKH)/8JURXS(LJKW\IRXURISDWLHQWVLQERWKJURXSVKDG'60
,9VFKL]RSKUHQLD7KHPDLQUHDVRQVIRUFKDQJLQJPHGLFDWLRQZHUHVLGHHI
IHFWV+$/)/8DQGLQVXI¿FLHQWHI¿FDF\+$/)/8
ZLWKSUHYLRXVWKHUDS\7KHFRPSOHWLRQUDWHVZHUHDQGIRUWKH+$/
DQG)/8JURXSVUHVSHFWLYHO\7KHUHZHUHVLJQL¿FDQWUHGXFWLRQVIURPEDVH
OLQHWRHQGSRLQWSLQWKHPHDQWRWDO3$166VFRUHLQERWKJURXSV
+$/YV)/8YV)LJXUHDQGDOVRLQWKHVFRUHVIRU
WKHSRVLWLYHQHJDWLYHDQGJHQHUDOSV\FKRSDWKRORJ\VXEVFDOHV$WHQGSRLQW
LPSURYHPHQWLQWKH3$166WRWDOVFRUHZDVVHHQLQDQGRI
SDWLHQWVLQWKH+$/DQG)/8JURXSVUHVSHFWLYHO\&*,±'LVHDVH6HYHULW\
&*,6 LPSURYHGVLJQL¿FDQWO\ S LQERWKJURXSVDQG WKHSURSRU
WLRQVRISDWLHQWVFRQVLGHUHG µERUGHUOLQHQRW LOO¶ LQFUHDVHG IURPEDVHOLQH WR
HQGSRLQW+$/YV)/8YV6LJQL¿FDQWLPSURYHPHQWV
SZHUHVHHQLQWKHPHQWDOKHDOWKIDFWRUVRIWKH6)TXHVWLRQQDLUH
7KHPHDQ*$)VFRUHDQGVDWLVIDFWLRQZLWKWUHDWPHQWLPSURYHGVLJQL¿FDQWO\
S LQ ERWK JURXSV6HYHULW\ RIPRYHPHQW GLVRUGHUV GHFUHDVHG VLJ
QL¿FDQWO\GXULQJWKHPRQWKVWXG\3DWLHQWVLQERWKWKH+$/DQGWKH)/8
JURXSVKRZHGDVLJQL¿FDQWUHGXFWLRQIURPEDVHOLQHWRHQGSRLQWLQWKHVFRUHV
DOO(656VXEVFDOHV
&RQFOXVLRQV3DWLHQWVVZLWFKHGIURP+$/RU)/8GHSRWWR5/$,GHPRQ
VWUDWHGORQJWHUPLPSURYHPHQWLQDOOV\PSWRPIDFWRUVDQGKLJKVDWLVIDFWLRQ
ZLWKWKHQHZWUHDWPHQW
)LJXUH6KLIW LQ3$166VXEVFDOHVFRUHVDQG7RWDO(656IURPEDVHOLQHWRHQGSRLQW
IRU SDWLHQWV SUHYLRXVO\ WUHDWHG ZLWK D KDORSHULGRO GHFDQRDWH DQG E ÀXSKHQD]LQH
GHFDQRDWHDOOVKLIWVSYVEDVHOLQH
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6FKL]RDIIHFWLYH3DWLHQWV,PSURYHZLWK5LVSHULGRQH,QMHFWDEOH
6WHLQ2SMRUGVPRHQ
'HSDUWPHQWRI3V\FKLDWU\8OOHYDO8QLYHUVLW\+RVSLWDO2VOR
1RUZD\
$QGUHDV0RKO.LUVWHQ:HVWO\H'LHWHU1DEHU$OLFH/H[
2EMHFWLYHV 7KH PDLQWDLQHG HI¿FDF\ DQG VDIHW\ RI ORQJDFWLQJ LQMHFWDEOH
ULVSHULGRQH 5/$, LQ SDWLHQWVZLWK VFKL]RSKUHQLD RU RWKHU SV\FKRWLF GLV
RUGHUVFKDQJHGGLUHFWO\IURPDQ\SUHYLRXVDQWLSV\FKRWLFDJHQWVZLWKRXWDQ
RUDOULVSHULGRQHUXQLQ$VXEJURXSDQDO\VLVZDVSHUIRUPHGLQSDWLHQWVZLWK
VFKL]RDIIHFWLYHGLVRUGHU'60,9
0HWKRGV 6FKL]RDIIHFWLYH SDWLHQWV VWDEOH RQ WKHLU SUHYLRXV DQWLSV\FKRWLF
UHJLPHQIRUPRQWKUHFHLYHGULVSHULGRQHORQJDFWLQJLQMHFWDEOHPJ
LQFUHDVLQJLIQHFHVVDU\WRPJRUPJHYHU\GD\VIRUPRQWKV
ZLWKRXWDQRUDOULVSHULGRQHUXQLQ7KHSUHYLRXVUHJLPHQZDVFRQWLQXHGIRU
ZHHNVLQWRWKHWULDO
5HVXOWV2ISDWLHQWVZHUHPDOHZHUHIHPDOH3UHYLRXVWKHUD
SLHV FRQVLVWHG RI DW\SLFDO  FRQYHQWLRQDO GHSRW  DQG FRQYHQ
WLRQDORUDODQWLSV\FKRWLFVRISDWLHQWVKDGEHHQRQPRQRWKHUDS\
RQSRO\WKHUDS\5HDVRQVIRU WUHDWPHQWFKDQJHVZHUHQRQFRPSOLDQFH
 LQVXI¿FLHQWHI¿FDF\DGYHUVHHIIHFWV RURWKHU UHDVRQV
$VLPLODUSHUFHQWDJHRIVFKL]RDIIHFWLYHSDWLHQWVFRPSOHWHGWKHWULDO
FRPSDUHGZLWKWKHWRWDOJURXSLQERWKJURXSV7KHUHZHUHVLJQL¿FDQW
UHGXFWLRQV S IURP EDVHOLQH WR HQGSRLQW LQ PHDQ VFRUHV IRU WRWDO
3$166VFRUHDQGVXEVFRUHVDVZHOODVIRUWKH¿YH0DUGHUIDFWRUV,PSURYH
PHQWLQ3$166VFRUHIURPEDVHOLQHWRHQGSRLQWZDVVHHQLQRI
SDWLHQWV%\&*,6RISDWLHQWVZHUHµQRWLOO¶¶ERUGHUOLQHLOO¶DWHQGSRLQW
YVDWEDVHOLQH*$)DQGSDWLHQWVDWLVIDFWLRQSDOVRLPSURYHG
VLJQL¿FDQWO\DWHQGSRLQWDVZHOODVDOOLWHPVRIWKH6)TXDOLW\RIOLIHDV
VHVVPHQWSRISDWLHQWVUDWHGWKHLUVDWLVIDFWLRQZLWKWUHDWPHQWDV
³YHU\JRRG´FRPSDUHGWRRQO\DWEDVHOLQH6LPLODUO\WRWKHWRWDOJURXS
RIWKHVHSDWLHQWVUHSRUWHGWUHDWPHQWHPHUJHQW(360RYHPHQW
GLVRUGHUVLPSURYHGVLJQL¿FDQWO\H[FHSWIRUFKRUHRDWKHRLGPRYHPHQWRIWKH
OLPEV7KUHHSDWLHQWVGLHGKHDUWDWWDFNLQDSDWLHQWZLWKVHYHUH LVFKDHPLF
KHDUWGLVHDVHJDVWURLQWHVWLQDOEOHHGLQJDQGVWURNH
&RQFOXVLRQV5LVSHULGRQH ORQJDFWLQJ LQMHFWDEOH LPSURYHGERWKSV\FKRWLF
DQGDIIHFWLYHV\PSWRPVLQVFKL]RDIIHFWLYHSDWLHQWV,QWKLVJURXSRISDWLHQWV
WUHDWPHQWFKDQJHWR5/$,VKRZHGHI¿FDF\DQGWROHUDELOLW\VLPLODUWRWKDWRI
WKHZKROHVWXG\JURXSLQFOXGLQJVFKL]RSKUHQLD
5HIHUHQFHV
0|OOHU+-/ORUFD306DFKHWWL(HWDO(I¿FDF\DQGVDIHW\RIGLUHFWWUDQVL
WLRQWRORQJDFWLQJLQMHFWDEOHLQSDWLHQWVWUHDWHGZLWKYDULRXVDQWLSV\FKRWLF
WKHUDSLHV,QW&OLQ3V\FKRSKDUPDFRO,QSUHVV
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5LVSHULGRQH,QMHFWHG5DWV5HVLVWHGWR*DLQDQ([FHVVLYH
%RG\ZHLJKW
0L\XNL2WD
7RVHL*HQHUDO+RVSLWDO-DSDQ
.HLML0RUL$NLUD1DNDVKLPD<RNR6.DQHNR$NLUD2WD
2EMHFWLYHV 7KLV VWXG\ ZDV SHUIRUPHG WR H[SODLQ WKH UHVLVWDQFH RI UDWV
LQMHFWHG VXEFXWDQHRXVO\ VFZLWK ULVSHULGRQH WKH DW\SLFDO DQWLSV\FKRWLF
GUXJIRUFRQVHFXWLYHGD\VDWPJNJGD\DGRVHHTXLYDOHQWWRWKHRQH
XVHGIRUSDWLHQWV WRJDLQDQH[FHVVLYHERG\ZHLJKWGHVSLWH WKH LQFUHDVH LQ
GLHWXSWDNHIURPWKHYLHZSRLQWRI WKHUHDFWLRQRI UDWVDJDLQVW ULVSHULGRQH
LQGXFHGK\SRWKHUPLD
0HWKRGV6SUDJXH'DZOH\UDWVZHHNROGPDOHZHUHPDLQWDLQHGXQGHU
VWDQGDUGODERUDWRU\FRQGLWLRQVZLWKIUHHDFFHVVWRVWDQGDUGURGHQWIRRGDQG
ZDWHU7KH\ZHUHLQMHFWHGVFZLWKULVSHULGRQHRUPJNJGD\RU
DYHKLFOHIRUFRQVHFXWLYHGD\V5HFWDOWHPSHUDWXUHZDVPHDVXUHGHYHU\
PRUQLQJ6HUDZKLWHDQGEURZQDGLSRVHWLVVXHVVNHOHWDOPXVFOHDQGOLYHU
ZHUHH[WUDFWHGIURPWKHPDIWHUWUHDWPHQWVIRUFRQVHFXWLYHGD\V6HUXP
OHYHOVRIOLSLGVNHWRQHVDQGWK\URLGKRUPRQHZHUHPHDVXUHG7KHP51$
H[SUHVVLRQ OHYHOV LQ WKHVH WLVVXHV DQG RUJDQV RI WKH JHQHV HQFRGLQJ WKH
VXEVWDQFHVLQYROYHGLQKHDWSURGXFWLRQDQGRUOLSLGPHWDEROLVPZHUHLQYHV
WLJDWHGE\XVLQJTXDQWLWDWLYHUHDOWLPH3&5DPSOL¿FDWLRQ
5HVXOWV 5LVSHULGRQH PJNJ VF LQMHFWLRQ SURGXFHG D K\SRWKHUPLD
LQ UDWVZKLFKZDVREVHUYHGGXULQJ WKHGDLO\ LQMHFWLRQ IRU FRQVHFXWLYH
GD\V 6HUXP QRQHVWHUL¿HG IDWW\ DFLG OHYHOV LQ ULVSHULGRQH PJNJGD\
VF LQMHFWHG UDWV ZHUH VLJQL¿FDQWO\ ORZHU WKDQ WKRVH LQ YHKLFOHLQMHFWHG
RQHV6HUXPEHWDK\GUR[\EXW\UDWHOHYHOVLQULVSHULGRQHLQMHFWHGUDWVWHQGHG
WRGHFUHDVHFRPSDUHGZLWKWKRVHLQYHKLFOHLQMHFWHGRQHV7KHVHUXPOHYHO
RI QHLWKHU WULLRGRWK\URQLQH QRU WK\UR[LQHZDV DIIHFWHG E\ ULVSHULGRQH VF
LQMHFWLRQDWWKHGRVHVH[DPLQHG5LVSHULGRQHLQMHFWLRQPJNJGD\IRU
FRQVHFXWLYHGD\VXSUHJXODWHGP51$H[SUHVVLRQVLQZKLWHDGLSRVHWLVVXH
RIXQFRXSOLQJSURWHLQZKLFKGLVVLSDWHVHQHUJ\DVKHDWSHUR[LVRPHSUROLI
HUDWRUDFWLYDWHGUHFHSWRU33$5JDPPDFRDFWLYDWRUDOSKDZKLFKDFWLYDWHV
PLWRFKRQGULDOELRJHQHVLV WRH[SDQG WKHR[LGDWLYHPDFKLQHU\33$5DOSKD
ZKLFK LV QHFHVVDU\ IRU WKH IDWGHSOHWLRQ RI DGLSRF\WHV IRU WKHUPRJHQHVLV
OLSRJHQLFHQ]\PHVDFHW\O&R$FDUER[\ODVHDOSKDIDWW\DFLGV\QWKDVHDQG
JO\FHUROSKRVSKDWHDF\OWUDQVIHUDVHKRUPRQHVHQVLWLYHOLSDVHDQGEHWD
DGUHQHUJLFUHFHSWRU
&RQFOXVLRQV7KHVH¿QGLQJVVXJJHVWWKDWWKHPDWHULDOVIRUKHDWJHQHUDWLRQ
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
LQ ZKLWH DGLSRVH WLVVXH ZRXOG EH UHDGLO\ VXSSOLHG ZKLFK LQ WXUQ ZRXOG
UHGXFHDVWRUDJHRIOLSLGVLQZKLWHDGLSRVHWLVVXHUHVXOWLQJLQWKHORZHUUDWH
RIERG\ZHLJKWJDLQRIUDW
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/RQJ$FWLQJ5LVSHULGRQH±([SHULHQFHLQD/DUJH&RKRUWRI
3DWLHQWV
)UDQN*HUDOG3DMRQN
8QLYHUVLW\+RVSLWDO+RPEXUJ6DDU*HUPDQ\
$QGUHDV6FKUHLQHU
2EMHFWLYHV7RHYDOXDWHWKHHI¿FDF\ WROHUDELOLW\DQGVDIHW\RIORQJDFWLQJ
LQMHFWDEOHULVSHULGRQHLQWKHWUHDWPHQWRISDWLHQWVZLWKVFKL]RSKUHQLDLQGDLO\
FOLQLFDOSUDFWLFH
0HWKRGV$ SURVSHFWLYH PXOWLFHQWHU REVHUYDWLRQDO VWXG\ ZDV SHUIRUPHG
2XWSDWLHQWVZLWKVFKL]RSKUHQLDZHUHHYDOXDWHGDWEDVHOLQHDQGDIWHUDQG
PRQWKV(I¿FDF\ZDV DVVHVVHGXVLQJ WKH%ULHI3V\FKLDWULF5DWLQJ6FDOH
%356 DQG WKH VHYHULW\ RI GLVHDVHZDV HYDOXDWHG XVLQJ &OLQLFDO *OREDO
,PSUHVVLRQ6FDOHV&*,DQG&*,&
5HVXOWV$ WRWDO RI  SDWLHQWV  PDOH PHDQ DJH  \HDUV ZLWK
D GLDJQRVLV RI VFKL]RSKUHQLD ZHUH HQUROOHG 2I  SDWLHQWV  KDG
SDUDQRLG  XQGLIIHUHQWLDWHG  GLVRUJDQL]HG DQG  UHVLGXDO
VFKL]RSKUHQLD5HDVRQV IRU WUDQVLWLRQ WR ORQJDFWLQJ ULVSHULGRQHZHUH ODFN
RI FRPSOLDQFH  ODFN RI HI¿FDF\  DQG ODFN RI WROHUDELOLW\
 RI WKH SUHYLRXV DQWLSV\FKRWLFPHGLFDWLRQ$W HQGSRLQW RI
WKHSDWLHQWVUHFHLYHGLQWUDPXVFXODUJOXWHDOLQMHFWLRQVRIORQJDFWLQJULVS
HULGRQHPJUHFHLYHGPJDQGUHFHLYHGPJ&OLQLFDO
V\PSWRPV LQ%356 LPSURYHG VLJQL¿FDQWO\ IURP  DW EDVHOLQH WR
DWHQGSRLQWS7KH%356VXEVFDOHVDQ[LHW\GHSUHVVLRQ
KRVWLOLW\VXVSLFLRXVQHVV DQHUJLD DQG WKRXJKW GLVWXUEDQFH DOVR LPSURYHG
VLJQL¿FDQWO\SYVEDVHOLQHIRUHDFKVXEVFDOH6HYHULW\RIGLVHDVH
&*,6 ZDV UHGXFHG IURP  WR  S )XUWKHUPRUH
RI WKH SDWLHQWVZHUH UDWHG DV ³YHU\PXFK´RU ³PXFK´ LPSURYHG DW
HQGSRLQW $GYHUVH HYHQWV $(V ZHUH UHSRUWHG LQIUHTXHQWO\  SDWLHQWV
KDGDWOHDVWRQH$($(VUHSRUWHGLQZHUHPRYHPHQWGLVRUGHU
UHODWHGDQGGHWHULRUDWLRQRISV\FKRWLFV\PSWRPV
&RQFOXVLRQV7UDQVLWLRQWRORQJDFWLQJULVSHULGRQHLQWKLVQDWXUDOLVWLFVWXG\
UHÀHFWLQJ UHDO OLIH VHWWLQJ ZDV ZHOO WROHUDWHG ,PSURYHPHQW RI SV\FKRWLF
V\PSWRPVLQDQLQGLYLGXDOSUHSRVWFRPSDULVRQZDVVWDWLVWLFDOO\VLJQL¿FDQW
DQGFOLQLFDOO\UHOHYDQW
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<RXQJ3V\FKRWLF3DWLHQWV,PSURYHRQ5LVSHULGRQH
/RQJ$FWLQJ
(GXDUG3DUHOODGD
+RVSLWDO&OLQLFGH%DUFHORQD%DUFHORQD6SDLQ
01HLMERHU3KLOOLSH'XPRQW.HLWK/OR\G$OLFH/H[
3LHUUH0LFKHO/ORUFD
2EMHFWLYHV7KLVDEVWUDFWSUHVHQWVUHVXOWVRIDVXEDQDO\VLVIURPWKHSDQ(X
URSHDQ6WR50LWULDO6ZLWFKWRULVSHULGRQHPLFURVSKHUHVRQWKHPDLQWDLQHG
HI¿FDF\VDIHW\DQGDFFHSWDQFHRIULVSHULGRQHORQJDFWLQJLQMHFWDEOH5/$,
LQ\RXQJSDWLHQWVZLWKVFKL]RSKUHQLDRURWKHUSV\FKRWLFGLVRUGHUVSUHYLRXVO\
WUHDWHGZLWKDQ\DQWLSV\FKRWLFPRQRWKHUDS\
0HWKRGV<RXQJSV\FKRWLFSDWLHQWV\HDUVRIDJHDQGVWDEOHRQWKHLU
SUHYLRXV WUHDWPHQW IRU DW OHDVW PRQWK UHFHLYHG ULVSHULGRQH ORQJDFWLQJ
PJLQFUHDVLQJWRPJRUPJLIQHFHVVDU\LQMHFWHGHYHU\RWKHU
ZHHNIRUPRQWKV
5HVXOWV$PRQJ  SDWLHQWV RI PHDQ DJH  \HDUV PDOH  KDG
VFKL]RSKUHQLD  SDUDQRLG  XQGLIIHUHQWLDWHG VXEW\SH  KDG
SUHYLRXVO\UHFHLYHGDW\SLFDODQWLSV\FKRWLFVKDGEHHQRQFRQYHQWLRQDO
GHSRWV DQG  RQ FRQYHQWLRQDO RUDOV$ WUHDWPHQW FKDQJHZDV QHFHVVDU\
GXHWRQRQFRPSOLDQFHWRWKHSUHYLRXVPHGLFDWLRQDQGRULQVXI¿FLHQW
HI¿FDF\6HYHQW\RISDWLHQWVFRPSOHWHGWKHWULDO1RSDWLHQWV
GLVFRQWLQXHGSUHPDWXUHO\GXHWRQRQFRPSOLDQFH,QLWLDOO\RISDWLHQWV
UHFHLYHGPJGRVHVRI5/$,DWHQGSRLQWDQGRISDWLHQWV
ZHUHJLYHQGRVHVRIRUPJUHVSHFWLYHO\6LJQL¿FDQWUHGXFWLRQV
IURPEDVHOLQHWRHQGSRLQWZHUHIRXQGIRUWRWDO3$166VFRUHDQGVXEVFRUHV
S$LPSURYHPHQWLQWRWDO3$166VFRUHZDVVHHQLQRI
SDWLHQWVRIZKRPKDGDLPSURYHPHQW&OLQLFDO*OREDO,PSUHV
VLRQ ± 'LVHDVH 6HYHULW\ &*,6 DQG *OREDO$VVHVVPHQW RI )XQFWLRQLQJ
*$)ERWKVKRZHGVLJQL¿FDQWLPSURYHPHQWVDWHQGSRLQWSDVGLG
DOOWKHTXDOLW\RIOLIHDVSHFWVDVVHVVHGZLWKWKH6)TXHVWLRQQDLUHS
H[FHSWIRU%RGLO\3DLQDQG9LWDOLW\)LJXUH3DWLHQWVDWLVIDFWLRQLQFUHDVHG
IURPEDVHOLQHWRHQGSRLQWLQWKHFDWHJRU\³YHU\JRRG´IURPWRRI
SDWLHQWV
2I WKHSDWLHQWVKRVSLWDOL]HGDWEDVHOLQHZHUHGLVFKDUJHGGXULQJ WKH
WULDOSHULRGRQO\SDWLHQWKDGWREHUHKRVSLWDOL]HG)LJXUH2IWKHSD
WLHQWVQRWKRVSLWDOL]HGDWEDVHOLQHZHUHKRVSLWDOL]HGDWHQGSRLQW
2QH SDWLHQW UHSRUWHG LPSRWHQFH 7RWDO (656 DQG SDUNLQVRQLVP VFRUHV
VKRZHGDVLJQL¿FDQWLPSURYHPHQWIURPEDVHOLQHS
&RQFOXVLRQV ,Q \RXQJ SV\FKRWLF SDWLHQWV FKDQJLQJ GLUHFWO\ WR5/$,ZDV
DVVRFLDWHGZLWKVLJQL¿FDQWLPSURYHPHQWVLQV\PSWRPFRQWUROUHGXFWLRQVLQ
PRYHPHQWGLVRUGHUVDQGDORZKRVSLWDOL]DWLRQUDWH7KH,0DGPLQLVWUDWLRQ
RIWKHGUXJHYHU\ZHHNVZDVZHOODFFHSWHGDQGKHOSHGSURPRWHFRPSOL
DQFH
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9DOSURDWH(QKDQFHV3ODVPD,QWHUOHXNLQLQ+HDOWK\+XPDQV
,6KLQ6KLDK
'HSDUWPHQWRI3V\FKLDWU\7UL6HUYLFH*HQHUDO+RVSLWDO7DLSHL
7DLZDQ
/DNVKPL1<DWKDP&KXDQ&KLD&KDQJ$UXQ95DYLQGUDQ
2EMHFWLYHV7KHREMHFWLYHRIWKLVVWXG\ZDVWRGHWHUPLQHLIWKHUHLVDWUHDW
PHQWHIIHFWRIYDOSURDWHRQSODVPDOHYHORIWKHSURLQÀDPPDWRU\F\WRNLQH
LQWHUOHXNLQ,/LQKHDOWK\PDOHKXPDQV
0HWKRGV3ODVPDOHYHOVRI,/ZHUHPHDVXUHGLQWHQKHDOWK\PDOHKXPDQV
EHIRUHDQGDIWHUGD\VRIWUHDWPHQWZLWKPJSHUGD\RIYDOSURDWHLH
PJLQWKHPRUQLQJDQGPJLQWKHHYHQLQJ$OOWKHKHDOWK\VXEMHFWV
KDYHQRSDVWRUFXUUHQWSV\FKLDWULFGLVRUGHU:HDOVRH[FOXGHGWKRVHVXEMHFWV
ZLWKFKURQLFLOOQHVVHVNQRZQWRDIIHFWWKHLPPXQHVWDWXVDQGZLWKDFXWHLQ
IHFWLRXVRUDOOHUJLFUHDFWLRQVIRUDWOHDVWZHHNVEHIRUHWKHVWXG\7KHVWXG\
VXEMHFWV UHSRUWHG WR WKH RXWSDWLHQW FOLQLF DW  K IRU EDVHOLQH VDPSOLQJ
)ROORZLQJWKLVWKH\ZHUHFRPPHQFHGRQYDOSURDWHPJSHUGD\IRU
GD\V7KH\WRRNWKHODVWGRVHRIYDOSURDWHDWKRQWKHVHYHQWKGD\DQG
SRVWWUHDWPHQWEORRGVDPSOLQJIRUSODVPDOHYHORI,/ZDVFDUULHGRXWRQ
WKHHLJKWKGD\$QDGGLWLRQDOEORRGVDPSOHZDVDOVRWDNHQIURPHDFKVXEMHFW
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
DW WKHVDPHWLPHIRUPHDVXULQJSODVPDOHYHORIYDOSURLFDFLG WRFKHFNIRU
GUXJFRPSOLDQFH
5HVXOWV 7KHUH ZDV D VLJQL¿FDQW LQFUHDVH LQ SODVPD OHYHO RI ,/ EHIRUH
PHDQ SJPO6' DQG DIWHU WKHGD\VRI YDOSURDWH WUHDWPHQW
PHDQ  SJPO 6'  :LOFR[RQ VLJQHG UDQNV WHVW 37KH
PHDQ SODVPD OHYHO RI YDOSURLF DFLG ZDV  PRO/ 6'  )XU
WKHUPRUH WKHUHZDV D VLJQL¿FDQW SRVLWLYH FRUUHODWLRQ EHWZHHQ WKH SODVPD
YDOSURLF DFLG OHYHO DQG WKH FKDQJHRI SODVPD ,/OHYHO LQ WKH WHQKHDOWK\
PDOHKXPDQV6SHDUPDQU 3Q 0RVWRIWKHVXEMHFWVWROHU
DWHGWKHRQHZHHNWUHDWPHQWRIYDOSURDWH1RVLJQL¿FDQWDGYHUVHHIIHFWZDV
UHSRUWHGE\WKHVWXG\VXEMHFWV
&RQFOXVLRQV7KH¿QGLQJVRIWKLVVWXG\DUHFRQVLVWHQWZLWKSUHYLRXVVWXGLHV
VKRZLQJ WKDW YDOSURDWH VLJQL¿FDQWO\ LQFUHDVHG F\WRNLQHV VXFK DV ,/ DQG
,/LQHSLOHSWLFSDWLHQWVVXJJHVWLQJDQHQKDQFLQJHIIHFWRIYDOSURDWHRQWKH
SURLQÀDPPDWRU\F\WRNLQH,/LQKXPDQV
5HIHUHQFHV
9HUURWWL$%DVFLDQL)7URWWD'*UHFR50RUJHVH*&KLDUHOOL) 
(IIHFWRIDQWLFRQYXOVDQWGUXJVRQ LQWHUOHXNLQV DQGDQGPRQRF\WH
FKHPRDWWUDFWDQWSURWHLQ&OLQ([S0HG
'H6DUUR*%%HUOLQJKLHUL0&(OLD00XVXPHFL6$'DYLG('RPLQLMDQ
QL$*XOOHWWD('RHVDQWLHSLOHSLWFWKHUDS\DIIHFWLPPXQHUHVSRQVH"
-&KHPRWKHU
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$QWLSV\FKRWLFVDQG0HWDEROLF,PSOLFDWLRQV
&KLDUD'UDJRQL
3V\FKLDWULF'HSDUWPHQW6DQ3DROR+RVSLWDO8QLYHUVLWjGHJOL
6WXGLGL0LODQR
*LRYDQQD0RUPDQGL0DUFR)6LYLHUR6LOYLR6FDURQH
2EMHFWLYHV 6FKL]RSKUHQLF SDWLHQWV FKURQLFDOO\ WUHDWHGZLWK DQWLSV\FKRWLF
PHGLFDWLRQVFDQJDLQZHLJKWDQGPDQLIHVWVRPHLPSRUWDQWPHWDEROLFDEQRU
PDOLWLHVZLWKPDQ\ SRWHQWLDO LPSRUWDQWPHGLFDO DQG SV\FKRORJLFDO FRQVH
TXHQFHV(YHQLIDODUJHSDUWRIWKHUHFHQWOLWHUDWXUHLQWKH¿HOGFODLPVIRU
DPDMRULQFLGHQFHRIWKRVHFROODWHUDOHIIHFWVLQSDWLHQWVWUHDWHGZLWKDW\SLFDO
DQWLSV\FKRWLFWKHGDWDDUHIDUIURPFRQVLVWHQF\
$LPRIWKHZRUNWRHYDOXDWHWKHLQÀXHQFHVRIWKHFKURQLFWUHDWPHQWZLWKRQH
W\SLFDOKDORSHULGRODQGDW\SLFDORODQ]DSLQHFOR]DSLQHDQGULVSHULGRQH
DQWLSV\FKRWLFVRQZHLJKWDQGRQGLIIHUHQWSDWKZD\VLQDVDPSOHRIFKURQLF
VWDELOL]HGVFKL]RSKUHQLFRXWSDWLHQWV
0HWKRGVFKURQLF'60,9VFKL]RSKUHQLFV0)DJHUDQJH
\V KDYH EHHQ HYDOXDWHG 7KH IROORZLQJ LQGH[HV KDYH EHHQ DVVHVVHG QX
WULWLRQDOLQGH[HV%RG\0D[,QGH[%0,ZDLVWFLUFXPIHUHQFH0HWDEROLF
SDWKZD\VOLSLGPHWDEROLVPFKROHVWHUROWU\JOLFHULGH*OXFLGLFPHWDEROLVP
EORRGVXJDUOHYHO+EDF+RPRF\VWHLQHUHQDOIXQFWLRQXUHDFUHDWLQLQH
OLYHUIXLQFWLRQ$/7$67<*7%LOLUXELQ$QRUPDODQGDEQRUPDO[
DQWLSV\FKRWLF WUHDWPHQV FRQWLQJHQF\ WDEOHKDVEHHQEXLOW IRU HDFKPHWD
EROLFLQGH[
5HVXOWV&RQFOXVLRQV1RVLJQL¿FDQWGLIIHUHQFHVLQWKHGLVWULEXWLRQRIVXE
MHFWVQHLWKHULQQXWULWLRQDOQRULQPHWDEROLFLQGH[HVKDVEHHQIRXQG
5HIHUHQFHV
/RXLV-$URQQH0'(SLGHPLRORJ\0RUELGLW\DQG7UHDWPHQWRI2YHU
ZHLJKWDQG2EHVLW\-3V\FKLDWU\VXSSO
'DYLG%$OOLVRQ3K'DQG'DQLHO(&DVH\0'$QWLSV\FKRWLF,QGXFHG
:HLJKW*DLQD5HYLHZRI/LWHUDWXUH-&OLQ3V\FKLDWU\VXSSO

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3RVWHU6HVVLRQ1R
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5DSLG7U\SWRSKDQ'HSOHWLRQDVD7UHDWPHQWIRU$FXWH0DQLD
-XOLD$SSOHEDXP
%HQ*XULRQ8QLYHUVLW\RIWKH1HJHY%HHUVKHYD,VUDHO
<XO\%HUVXGVN\(KXG.OHLQ
2EMHFWLYHV ,W KDV EHHQ VKRZQ WKDW GLHWDU\ WU\SWRSKDQ GHSOHWLRQ PD\
VSHFL¿FDOO\ UHGXFHEUDLQ+7 IXQFWLRQ5DSLG UHGXFWLRQRIXS WR LQ
SODVPDWU\SWRSKDQOHYHOFDQEHDFFRPSOLVKHGE\DGPLQLVWHULQJDQRUDOWU\S
WRSKDQIUHH DPLQR DFLG VROXWLRQ ZKLFK LQGXFHV KHSDWLF SURWHLQ V\QWKHVLV
DQG WKHUHE\GHSOHWHVDYDLODEOHSODVPD WU\SWRSKDQ6WXGLHV LQGLFDWH WKDW LQ
UHPLWWHG PDQLF SDWLHQWV PDLQWDLQHG RQ OLWKLXP WKHUDS\ UDSLG WU\SWRSKDQ
GHSOHWLRQ57'GRHVQRWFDXVHUHPDUNDEOHPRRGDOWHUDWLRQV7KHHIIHFWRI
57'LQDFXWHO\PDQLFSDWLHQWVKDVQRWEHHQVWXGLHG
0HWKRGV:HQRZUHSRUWSUHOLPLQDU\UHVXOWV IURPDGRXEOHEOLQGSODFHER
FRQWUROOHGRQJRLQJVWXG\RI57'LQDFXWHO\PDQLFSDWLHQWV:LWKLQWKH¿UVW
KRXUV RI WKHLU KRVSLWDOL]DWLRQSDWLHQWV DUH UDQGRPL]HG WR WKH WUHDWPHQW
JURXSV 6RGLXPYDOSURDWH WUHDWPHQW LV VWDUWHG DW D GRVH RI PJG DQG
FRQWLQXHGWKURXJKRXWWKHGXUDWLRQRIWKHVWXG\ZKLFKODVWVDWRWDORIGD\V
2QGD\VSDWLHQWVUHFHLYHDGDLO\WU\SWRSKDQIUHHDPLQRDFLGGULQNRUD
SODFHER
7KHWU\SWRSKDQIUHHDPLQRDFLGGULQNFRQWDLQVDPL[RIDPLQRDFLGVZLWKRXW
WU\SWRSKDQ7KHSODFHERGULQNFRQWDLQVWKHDGGLWLYHVDQGFRQVWLWXHQWVRIWKH
UHDOPL[WXUHWRSURYLGHLGHQWLFDOWHVWÀDYRUDQGWH[WXUHEXWGRHVQRWFRQWDLQ
DPLQRDFLGV
5DWLQJVDUHDGPLQLVWHUHGDWEDVHOLQHEHIRUHWKHEHJLQQLQJRIWKHVWXG\DQG
WKHQUHSHDWHGRQGD\VDQG5DWLQJVDUHSHUIRUPHGE\DQH[SHULHQFHG
UDWHUZKRLVEOLQGWRJURXSDVVLJQPHQWRIWKHSDWLHQWV
5HVXOWV6HYHQWHHQSDWLHQWVKDYHVRIDUHQWHUHGWKHVWXG\DQGFRPSOHWHG
WKHGD\WUHDWPHQWSURWRFRO(LJKWUHFHLYHGWKHWU\SWRSKDQIUHHDPLQRDFLG
GULQNDQGSODFHER2IWKRVHRQWU\SWRSKDQGHSOHWLRQRIWKHKDGDWOHDVW
UHGXFWLRQRQWKH<RXQJ0DQLD6FDOH2IWKHRQSODFHERRQO\RQHKDG
DUHGXFWLRQ8VLQJDSDUDPHWULFDQDO\VLVWKHGLIIHUHQFHLQ<RXQJ0DQLD
6FDOHDQG%356LVVLJQL¿FDQW S$129$DIWHU*UHHQKRXVH*HLVVHU
FRUUHFWLRQ
&RQFOXVLRQV5DSLGWU\SWRSKDQGHSOHWLRQPD\KDYHDQWLPDQLFHI¿FDF\
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2ODQ]DSLQH$GGLWLRQLQ7UHDWPHQW5HIUDFWRU\2EVHVVLYH
&RPSXOVLYH'LVRUGHU
,RDQQD'HVSLQD%HUJLDQQDNL
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\RI$WKHQV(JLQLWLRQ+RVSL
WDO$WKHQV*UHHFH
5RXNDV'..LRXORV.7+DW]LPDQROLV-&56ROGDWRV
2EMHFWLYHV 2EVHVVLYH FRPSXOVLYH GLVRUGHU 2&' LV D FRPPRQ DQG
GLVDEOLQJPHQWDOGLVRUGHUZLWKDOLIHWLPHSUHYDOHQFHEHWZHHQDQG
6HURWRQLQUHXSWDNHLQKLELWRUV65,DUHHIIHFWLYHLQSKDUPDFRORJLFWUHDWPHQW
RI2&'+RZHYHUDSSUR[LPDWHO\WRRISDWLHQWVUHPDLQUHIUDFWRU\
$QXPEHU RI DXJPHQWDWLRQ VWUDWHJLHV KDYH EHHQ WULHG IRU UHIUDFWRU\2&'
DPRQJWKHPWUHDWPHQWZLWKW\SLFDODQGDW\SLFDODQWLSV\FKRWLFDJHQWV$LP
RIWKHSUHVHQWVWXG\LVWRUHYLHZDOOWKHUHSRUWHGWULDOVRIRODQ]DSLQHDGGLWLRQ
WRD65,LQSDWLHQWVZLWKWUHDWPHQWUHIUDFWRU\2&'
0HWKRGV$0('/,1(VHDUFKIRUWULDOVDVVHVVLQJWKHHI¿FDF\DQGVDIHW\RI
RODQ]DSLQHDGGLWLRQLQSDWLHQWVZLWKWUHDWPHQWUHIUDFWRU\2&'IURP-DQXDU\
WR-DQXDU\ZDVFRQGXFWHGXVLQJWKHNH\ZRUGV³REVHVVLYHFRP
SXOVLYHGLVRUGHU´³RODQ]DSLQH´³DGGLWLRQ´³DXJPHQWDWLRQ´7KHUHIHUHQFH
VHFWLRQVRIWKHLQFOXGHGSDSHUVZHUHVFUHHQHGDVZHOO
5HVXOWV(OHYHQWULDOVLQFOXGLQJSDWLHQWVZLWKWUHDWPHQWUHIUDFWRU\2&'
DVVHVVHGWKHHI¿FDF\DQGVDIHW\RIRODQ]DSLQHDGGLWLRQ7KH\LQFOXGHGWZR
GRXEOHEOLQGUDQGRPL]HGSODFHERFRQWUROOHGWULDOVL[RSHQWULDOVDQGWKUHH
FDVHUHSRUWV2XWFRPHPHDVXUHVZHUHXVHGLQDOOWULDOV7KHGDLO\GRVDJHRI
RODQ]DSLQHYDULHVEHWZHHQDQGPJU7KHRXWFRPHZDVSRVLWLYHLQWHQ
WULDOVDQGQHJDWLYHLQRQHWULDOLQGHSHQGHQWO\WKHGDLO\GRVDJHWKH\XVHG7KH
PDLQVLGHHIIHFWVUHSRUWHGZHUHVHGDWLRQGU\PRXWKDQGZHLJKWJDLQ
&RQFOXVLRQV(YLGHQFHSURYLGHGIURPWKLVHOHYHQWULDOVVXJJHVWWKDWRODQ]D
SLQHDGGLWLRQWRD65,PD\EHHIIHFWLYHDQGZHOOWROHUHWHGIRUSDWLHQWVZLWK
2&'UHIUDFWRU\WR65,DGPLQLVWUDWLRQ
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2ODQ]DSLQH'RVHDQG:HLJKW*DLQ
-DQHO'DZHV
(OL/LOO\DQG&RPSDQ\86$
(GXDUGR'XQD\HYLFK*RSDODQ6HWKXUDPDQ+DQN:HL-RKQ'DYLV
2EMHFWLYHV 7R H[DPLQH WKH UHODWLRQVKLS EHWZHHQ WKHUDSHXWLF RODQ]DSLQH
GRVHVDQGZHLJKWJDLQ
039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
0HWKRGV'DWDZHUHSRROHGIURPWRZHHNVGRXEOHEOLQGUDQG
RPL]HGSODFHERRUDFWLYHFRPSDUDWRUFRQWUROOHGFOLQLFDOWULDOVFRPSDULQJ
¿[HG GRVHV RI    DQG PJGD\ RODQ]DSLQH DPRQJ SDWLHQWV ZLWK
VFKL]RSKUHQLD:HLJKW FKDQJH IURP EDVHOLQH ZDV DQDO\]HG ZLWK D PL[HG
PRGHOUHSHDWHGPHDVXUHVPHWKRGXVLQJWUHDWPHQWRODQ]DSLQHGRVHZHHN
WUHDWPHQWE\ZHHNJHQGHUHWKQLF
LW\ DJHEDVHOLQHZHLJKW VWXG\DQG UHJLRQ 1RUWK$PHULFDRU(XURSHDV
LQGHSHQGHQWYDULDEOHV:HLJKWJDLQGXULQJWUHDWPHQWZLWKGLIIHUHQWRODQ]DS
LQHGRVHVZHUHFRPSDUHGXVLQJOHDVWVTXDUHHVWLPDWHVIURPWKHPRGHOLQDOO
SDWLHQWVDQGWKRVHZKRFRPSOHWHGDQGZHHNVRIWKHUDS\$GGLWLRQDOO\
FRUUHODWLRQVRIRODQ]DSLQHSODVPDFRQFHQWUDWLRQVDQGZHLJKWFKDQJH IURP
VWXGLHVIRUSDWLHQWVZKRFRPSOHWHGZHHNVDQGZHHNVRIWKHUDS\ZDV
REWDLQHG
5HVXOWV$FRQWUDVWIRUWHVWLQJOLQHDUWUHQGRIGRVHZDVQRWVLJQL¿FDQWIRUDOO
SDWLHQWVS DQGIRUSDWLHQWVZKRFRPSOHWHGZHHNVS DQG
ZHHNV S  RI WKHUDS\)URP WKH0050PRGHO RYHUDOO OHDVWVTXDUH
PHDQV6( RIZHLJKW FKDQJH IURP EDVHOLQHZHUH HVWLPDWHG WR EH 
PJPJPJDQGPJ,QDOOSDWLHQWV
DQG LQ SDWLHQWV WKDW FRPSOHWHG  ZHHNV RI WKHUDS\ WUHDWPHQWHPHUJHQW
ZHLJKW JDLQ LQ SDWLHQWV UHFHLYLQJ PJ ZDV VLJQL¿FDQWO\ JUHDWHU WKDQ
SDWLHQWV UHFHLYLQJ  RU PJ DOO SDWLHQWV S  DQG S  UHVSHFWLYHO\
 ZHHN FRPSOHWHUV S  DQG S  UHVSHFWLYHO\ 7KHUH ZHUH QR
VLJQL¿FDQWGLIIHUHQFHVEHWZHHQWKHPJJURXSDQGDQ\RWKHUGRVHJURXS
&RUUHODWLRQRIRODQ]DSLQHSODVPDFRQFHQWUDWLRQZLWKZHLJKWFKDQJHZDVQRW
VLJQL¿FDQWIRUSDWLHQWVWKDWFRPSOHWHGERWKZHHNVU S DQG
ZHHNV U S RI WUHDWPHQW:HLJKWJDLQRYHU WLPH IRU HDFK
GRVH DQG OHDVW VTXDUH PHDQV HVWLPDWHV GRVHZHLJKW JDLQ FXUYHV IRU WKH
LQGLYLGXDOVWXGLHVDQGWKHSRROHGGDWDZLOOEHSUHVHQWHG
&RQFOXVLRQV,QWKHVHIRXU¿[HGGRVHFOLQLFDOWULDOVRIRODQ]DSLQHWKHUHLV
QRFRQVLVWHQWGRVHUHVSRQVHUHODWLRQVKLSEHWZHHQZHLJKWJDLQDQGWKHUDSHX
WLFGRVHVRIRODQ]DSLQH
5HIHUHQFHV
.LQRQ %-$KO - 6WDXIIHU 9/ +LOO$/ %XFNOH\ 3) 'RVH UHVSRQVH DQG
DW\SLFDODQWLSV\FKRWLFV&16'UXJV
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(IILFDF\RID3V\FKR(GXFDWLRQDO3URJUDPPHRQ:HLJKW
*DLQ&RQWURODQG(DWLQJ%HKDYLRXULQ3DWLHQWV7UHDWHGZLWK
2ODQ]DSLQH
$QGUHD5RVVL
(OL/LOO\,WDOLD6S$,WDO\
06LPRQFLQL6&DVWURJLRYDQQL1,RYLHQR'&HFFRQL
*'HOO¶$JQHOOR3'RQGD6*UD]]LQL00DXUL
2EMHFWLYHV (LJKW JDLQ :* KDV EHHQ REVHUYHG GXULQJ WUHDWPHQW ZLWK
DQWLSV\FKRWLFV $3$OWKRXJK YDULRXV VWHSV KDYH EHHQ WDNHQ WR PDQDJH
:*WKHHIIHFWVRIEHKDYLRUDOGLHWDU\DQGHGXFDWLRQDOLQWHUYHQWLRQVIRUWKH
PDQDJHPHQW RI:* LQ SV\FKLDWULF SDWLHQWV XQGHUJRLQJ$3 WUHDWPHQW DUH
OLWWOHNQRZQ
0HWKRGV7KLVVWXG\DVVHVVHVWKHHI¿FDF\RIDSV\FKRHGXFDWLRQDOSURJUDP
3(3IRUZHLJKWORVVLQSDWLHQWVZKRH[SHULHQFHG:*GXULQJWUHDWPHQWZLWK
RODQ]DSLQHRO]
5HVXOWV7KHSDWLHQWVLQYROYHGLQWKHVWXG\VKRZHGD!LQFUHDVHLQ
%0,IURPWKHVWDUWRIPRQRWUHDWPHQWZLWKRO]3DWLHQWVZHUHUDQGRPL]HG
WRRO]3(3JURXSRURO]RQO\JURXS$IWHUZHHNVSDWLHQWVLQERWK
JURXSV XQGHUZHQW D ZHHN3(31LQHWHHQ SDWLHQWV  LQ JURXS  LQ
JURXSFRPSOHWHGWKHVWXG\
7KHUHZDVQRVLJQL¿FDQWFKDQJHLQERG\ZHLJKWDQG%0,ZHLJKW.J
%0,LQJURXSS 16GXULQJWKH¿UVWWZHOYHZHHNV7KHVHVDPH
SDWLHQWVKDGDPHDQZHLJKWORVVRI.JSDQGDUHGXFWLRQLQ%0,
 SLQWKHIROORZLQJZHHNVRIWUHDWPHQWZLWKRO]33(7KH
SDWLHQWVLQJURXSKRZHYHUKDGDPHDQZHLJKWORVVRINJSDQG
D UHGXFWLRQ LQ%0,  S7KH(DWLQJ'LVRUGHU ,QYHQWRU\ (',
ZDVXVHGWRDVVHVVSDWLHQWV¶HDWLQJKDELWVHYHU\PRQWK7KHUHZDVDVWDWLVWL
FDOO\VLJQL¿FDQWLPSURYHPHQWIRULWHPVDQG
FRUUHVSRQGLQJ WR LPSURYHG FRQWURO RI IRRG FRQVXPSWLRQ DWPHDOWLPHV RI
XQGHUVWDQGLQJWKHDPRXQWRIFDORULHVFRQWDLQHGLQGDLO\PHDOVDQGDQLP
SURYHPHQWLQWKHFKRLFHRIORZFDORULHIRRGDWWKHEX\LQJDQGHDWLQJVWDJHV
7KHTXDOLW\RIOLIHIRUERWKJURXSVQXPHULFDOO\LPSURYHGGXULQJWKLVVWXG\
EXWWKHLPSURYHPHQWZDVQRWVWDWLVWLFDOO\VLJQL¿FDQW
&RQFOXVLRQV$OWKRXJK WKLV VWXG\ LV VWLOO XQGHUZD\ SDWLHQWV H[SHULHQFHG
VLJQL¿FDQWGHFUHDVHVLQERG\ZHLJKWDQG%0,GXULQJWKH3(3SKDVHVZKLFK
ZDVFRUUHODWHGWRFKDQJHVLQWKHSDWLHQWV¶HDWLQJKDELWV
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)URP2ODQ]DSLQHWR5/$,,PSURYHPHQWVLQ3V\FKRWLF
3DWLHQWV
0DUNXV*DVWSDU
'HSDUWPHQWRI3V\FKLDWU\RIWKH8QLYHUVLW\RI(VVHQ(VVHQ
*HUPDQ\
:ORG]LPLHU]&KU]DQRZVNL0$/DWLI*LXOLR&RUULYHWWL
(PLOH5RJHU/RPEHUWLH'-3DODR9LGDO5RVHOOD0HGRUL
2EMHFWLYHV&DQ HI¿FDF\EHPDLQWDLQHG LQ SV\FKRWLF SDWLHQWV IROORZLQJ D
GLUHFW WUHDWPHQWFKDQJHIURPRODQ]DSLQH WR ULVSHULGRQH ORQJDFWLQJ LQMHFW
DEOHZLWKRXWDQRUDOULVSHULGRQHUXQLQSHULRG"
0HWKRGV$GXOWSDWLHQWVFOLQLFDOO\VWDEOHRQRODQ]DSLQHIRUDWOHDVWPRQWK
EXWUHTXLUHGDWUHDWPHQWFKDQJHUHFHLYHGULVSHULGRQHORQJDFWLQJLQMHFWDEOH
PJ LQFUHDVHG WRPJRU PJ LI QHFHVVDU\ DW GD\ LQWHUYDOV
2ODQ]DSLQHZDVFRQWLQXHGIRUZHHNVDIWHUWKH¿UVWULVSHULGRQHLQMHFWLRQ
5HVXOWVSDWLHQWVPDOHRIPHDQDJH\HDUVZHUHLQFOXGHG
FRPSOHWHG WKH WULDO7KHPRVWFRPPRQGLDJQRVHV '60,9ZHUHVFKL]R
SKUHQLD  PRVWO\ SDUDQRLG RU VFKL]RDIIHFWLYH GLVRUGHU  7KH
PRVW FRPPRQ UHDVRQV IRU WUHDWPHQW FKDQJHZHUH QRQFRPSOLDQFH 
LQVXI¿FLHQW HI¿FDF\  DQG VLGH HIIHFWV 0HDQ GDLO\ GRVDJH RI
2ODQ]DSLQHZDVPJ$WHQGSRLQWUHFHLYHGULVSHULGRQHORQJDFW
LQJLQMHFWDEOHPJDQGUHFHLYHGPJDQGPJUHVS0HDQ
WRWDO3$166VFRUHDWEDVHOLQHZDVZKLFKZDVVLJQL¿FDQWO\UHGXFHGDIWHU
PRQWK PHDQ FKDQJH  SRLQWV IXUWKHU UHGXFWLRQVZHUH REVHUYHG XQWLO
HQGSRLQWPHDQFKDQJHSRLQWVS

$WDOOYLVLWV VLJQL¿FDQW UHGXFWLRQVZHUH VHHQ LQDOO3$166VXEVFDOHVDQG
LQ WKH SRVLWLYH V\PSWRPV QHJDWLYH V\PSWRPV GLVRUJDQLVHG WKRXJKWV DQG
DQ[LHW\GHSUHVVLRQ IDFWRUV DFF WR0DUGHU HW DO$W HQGSRLQW  RI KDG
DLPSURYHPHQW IURPEDVHOLQH LQ3$166WRWDO VFRUH%\&*,6 WKH
SURSRUWLRQ RI SDWLHQWV FODVVL¿HG DV µQRW LOOERUGHUOLQH LOO¶ GRXEOHG IURP
DWEDVHOLQHWRDWHQGSRLQW0HDQVFRUHVIRUSK\VLFDOIXQFWLRQLQJ
JHQHUDOKHDOWKYLWDOLW\VRFLDOIXQFWLRQLQJUROHHPRWLRQDODQGPHQWDOKHDOWK
RI WKH 6) 4R/ TXHVWLRQQDLUH LPSURYHG VLJQL¿FDQWO\ IURP EDVHOLQH WR
HQGSRLQWSDVGLGWKHPHQWDOFRPSRQHQWVXPPDU\VFRUHS
*$)VFRUHVDQGSDWLHQWVDWLVIDFWLRQZLWKWUHDWPHQWLPSURYHGVLJQL¿FDQWO\
DWHQGSRLQWRISDWLHQWVUDWHGWKHLUWUHDWPHQWDVµYHU\JRRG¶FRPSDUHG
ZLWKRQO\DWEDVHOLQH%DVHOLQHPHGLDQ%0,UHPDLQHGXQFKDQJHGGXULQJ
WKHVWXG\7KH(656WRWDOVFRUHZDVUHGXFHGVLJQL¿FDQWO\SIURP
EDVHOLQHWRPRQWKDQGWKHVHLPSURYHPHQWVFRQWLQXHGXQWLOHQGSRLQW1R
XQH[SHFWHGVLGHHIIHFWVZHUHUHSRUWHG
&RQFOXVLRQV 'LUHFW LQLWLDWLRQ RI ULVSHULGRQH ORQJDFWLQJ ZDV DVVRFLDWHG
ZLWK VLJQL¿FDQW LPSURYHPHQWV RI V\PSWRPV IXQFWLRQLQJ DQG VDWLVIDFWLRQ
ZLWK WUHDWPHQW LQ SDWLHQWV ZKR ZHUH VWDEOH RQ RODQ]DSLQH RIIHULQJ WKH
SRWHQWLDOWRHQKDQFHWUHDWPHQWTXDOLW\
039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
32
/RQJWHUP'LDEHWHV5LVNZLWK2ODQ]DSLQHYV$ULSLSUD]ROH
7UHDWPHQW
5RVVHOOD*LVPRQGL
%ULVWRO0\HUV6TXLEE,WDO\
5HQp6ZDQLQN/LQGD+DQVVHQV

2EMHFWLYHV,QWKLVDQDO\VLVZHDSSOLHGDYDOLGDWHGGLDEHWHVULVNSUHGLFWLRQ
PRGHOWRHVWLPDWHWKHORQJWHUPULVNRIGLDEHWHVDPRQJSDWLHQWVHQUROOHGLQ
SRROHGFOLQLFDOWULDOVFRPSDULQJRODQ]DSLQHWRDULSLSUD]ROHLQWKHWUHDWPHQW
RIVFKL]RSKUHQLD
0HWKRGV7KH ULVNPRGHOXVHGSDWLHQWVSHFL¿FDJHVH[ UDFH KLVSDQLFRU
QRQKLVSDQLF IDPLO\ KLVWRU\ V\VWROLF EORRGSUHVVXUH 6%3 KLJKGHQVLW\
OLSRSURWHLQ +'/ ERG\PDVV LQGH[ %0, DQG JOXFRVH WR HVWLPDWH WKH
DGMXVWHGPHDQ\HDULQFLGHQFHRIGLDEHWHV
5HVXOWV)RUWKLVVWXG\SRSXODWLRQORQJWHUPGLDEHWHVULVNDWEDVHOLQHZDV
 IRU RODQ]DSLQH Q  DQG  IRU DULSLSUD]ROH
Q  S ZLWKVLPLODU IROORZXSEHWZHHQJURXSV'LDEHWHV ULVNDW
IROORZXSZDV LQFUHDVHG IURP WR  IRU RODQ]DSLQH SDWLHQWV DQG
GHFUHDVHG IURP  WR  IRU DULSLSUD]ROH SDWLHQWV 7KH HVWLPDWHG
KD]DUGUDWLRIRUGLDEHWHVULVNDPRQJDULSLSUD]ROHSDWLHQWVYHUVXVRODQ]DSLQH
SDWLHQWVZDV S 'LIIHUHQFHV LQ%0,DQG+'/FKDQJHGXULQJ
IROORZXSEHWZHHQDULSLSUD]ROHDQGRODQ]DSLQHZHUHWKHVWURQJHVWFRQWULEX
WRUV 6ZLWFKLQJ IURP RODQ]DSLQH WR DULSLSUD]ROHZRXOG UHVXOW LQ  IHZHU
HVWLPDWHGGLDEHWHVFDVHVDPRQJK\SRWKHWLFDORODQ]DSLQHSDWLHQWV
&RQFOXVLRQV 7KHVH UHVXOWV VXJJHVW WKDW D FOLQLFDOO\ VLJQL¿FDQW QXPEHU
RI ORQJWHUPGLDEHWHV FDVHVZRXOGEH DYRLGHGE\ VZLWFKLQJSDWLHQWV IURP
RODQ]DSLQH WR DULSLSUD]ROH7KHREVHUYHGGLIIHUHQFHV LQ HVWLPDWHG ULVN DUH
SULPDULO\DWWULEXWDEOHWRGLIIHUHQFHVLQ%0,DQG+'/EHWZHHQJURXSV
32
6DIHDQG(IIHFWLYH7UHDWPHQWRI&RUWRFRVWHURLG,QGXFHG
3V\FKRVLVE\2ODQ]DSLQH$&DVH5HSRUW
1HOD3LYDF
5XGMHU%RVNRYLF,QVWLWXWH&URDWLD
'RURWHD0XHFN6HOHU$OPD0LKDOMHYLF3HOHV0LUR-DNRYOMHYLF
0DULQD6DJXG
2EMHFWLYHV$ GHVFULSWLRQ RI WKH HIIHFWLYH WUHDWPHQW RI FRUWLFRVWHURLGLQ
GXFHGSV\FKRVLVZLWKRODQ]DSLQH
0HWKRGV,Q0D\D\HDUROGIHPDOHZDVGLDJQRVHGZLWKREOLWHU
L]LQJEURQFKLROLWLVDQGRUJDQL]LQJSQHXPRQLD%223DQGZDVWUHDWHGZLWK
SUHGQRVRQHPJGDLO\6RRQDIWHUWKHSDWLHQWµVEHKDYLRXUKDVFKDQJHGLQWR
VOLJKWO\ HOHYDWHGPRRG WDONDWLYHQHVV DQG LQFUHDVHG DFWLYLW\7KUHHZHHNV
ODWHU WKH SDWLHQW EHFDPH DJLWDWHG UHVWOHVV DQG SDUDQRLG WRZDUG KHU IDP
LO\PHPEHUV+HU FRQGLWLRQ UDSLGO\ZRUVHG LQ VSLWHRIGHFUHDVHGGRVHRI
SUHGQLVRQHWRPJGDLO\6KHZDV¿QDOO\DGPLWWHGWRSV\FKLDWULFZDUGZLWK
WKHGLDJQRVLVRIFRUWLFRVWHURLGLQGXFHGSV\FKRVLV'XHWRH[WUHPHOHYHORI
XQFRRSHUDWLYHQHVVDQGDJUHVVLYHQHVVZKLFKSXWKHULQDGDQJHURIKDUPLQJ
VHOIDQGRWKHUVVKHZDVSK\VLFDOO\UHVWUDLQHG6KHZDVJLYHQÀXSKHQD]LQH
PJGDLO\SURPD]LQHPJGDLO\GLD]HSDPPJGDLO\DQGELSHULGHQ
PJGDLO\$IWHUWKDWKHUFRQGLWLRQKDVLPSURYHGKHUSDUDQRLGGHOOXVLRQV
GLVDSSHDUHGDQGVKHZDVWUDQVIHUHGWRSXOPRQDU\XQLW6KHKDVFRQWLQXHG
DQWLSV\FKRWLFDQGFRUWLFRVWHURLGWUHDWPHQW+RZHYHURQQH[WSV\FKLDWULFH[
DPLQDWLRQWKHSDWLHQWGHYHORSHGVHYHUHH[WUDS\UDPLGDOV\PSWRPV(36LQ
VSLWHRIDFRQWLQXRXVELSHULGHQWUHDWPHQW6XOSLULGHPJGDLO\ZDVJLYHQ
LQVWHDGRIÀXSKHQD]LQH0XVFXODUULJLGLW\DQGKDQGWUHPRUKDYHLPSURYHG
EXW(36VWLOOSHUVLVWHGGXULQJVXOSLULGHWUHDWPHQW,QDGGLWLRQPLOGGHSUHV
VLRQKDVRFFXUHG7KHSDWLHQWZDVJLYHQRODQ]DSLQHPJGDLO\
5HVXOWV+HU(36KDYHJUDGXDOO\GLVDSSHDUHGDQGDFRPSOHWHUHPLVVLRQRI
ERWKSV\FKRVLVDQGGHSUHVVLRQKDVEHHQDFKLHYHG7KHSDWLHQWKDVUHWXUQHG
WRQRUPDOOHYHORIIXQFWLRQLQJ,Q)HEUXDU\WKHSDWLHQWLVVWLOOUHFHLYLQJ
FRUWLFRVWHURLGHWKHUDS\3UHGQLVRQHGRVHKDVJUDGXDOO\EHHQGHFUHDVHGWR
PJGDLO\6KHKDVFRQWLQXHGWRWDNHRODQ]DSLQHLQWKHGRVHRIPJGDLO\
7KHUHPLVVLRQRISV\FKLDWULFV\PSWRPVLVVXVWDLQHGIRUDOPRVW\HDUV
&RQFOXVLRQV2ODQ]DSLQHPDLQWHQDQFHWUHDWPHQWZDVVDIHDQGHIIHFWLYHIRU
DOPRVW\HDUVLQWKHSDWLHQWZKRKDVSUHVHQWHGZLWKVHYHUHFRUWLFRVWHURLG
LQGXFHG SV\FKRVLV DQGZKR UHTXLUHV FKURQLF FRUWLFRVWHURLG WHUDWPHQW GXH
WR%223
32
+76\QWKHVLVLV5HGXFHGLQ'HSUHVVLRQDIWHU&LWDORSUDPSOXV
3LQGRORO
<RMLUR6DNDL
'HSDUWPHQWRI1HXURORJ\DQG1HXURVXUJHU\0F*LOO8QLYHUVLW\
0RQWUHDO&DQDGD
0DVDPL1LVKLNDZD$OH[DQGUH%HUQH\&KDZNL%HQNHOIDW
*DEULHOOD*REEL*X\'HERQQHO0LUNR'LNVLF
&RDGPLQLVWUDWLRQRI SLQGROROZLWK VHOHFWLYH VHURWRQLQ UHXSWDNH LQKLELWRUV
665,VZDVUHSRUWHGWRVKRUWHQWKHWLPHUHTXLUHGIRUWKHDFWLRQRIWKH665,V
LQSDWLHQWVZLWKPDMRUGHSUHVVLYHGLVRUGHU3RVLWURQ HPLVVLRQ WRPRJUDSK\
3(7ZLWKĮ>&@PHWK\O/WU\SWRSKDQDVD WUDFHUKDVEHHQGHYHORSHG WR
HYDOXDWHVHURWRQLQ+7V\QWKHVLVLQWKHOLYLQJEUDLQ
2EMHFWLYHV7KHREMHFWLYHRIWKLVVWXG\ZDVWRHYDOXDWH+7V\QWKHVLVLQ
SDWLHQWVXQGHUJRLQJWUHDWPHQWZLWKFLWDORSUDPDXJPHQWHGZLWKSLQGRORO
0HWKRGV,QWKLVVWXG\ZHFRPSDUHG+7V\QWKHVLVEHIRUHDQGIROORZLQJ
WKH DGPLQLVWUDWLRQ RI FLWDORSUDP RQH RI 665,V SOXV SLQGRORO LQ SDWLHQWV
ZLWK PDMRU GHSUHVVLYH GLVRUGHU XVLQJ 3(7 ZLWK Į>&@PHWK\O/WU\S
WRSKDQ)RXUSDWLHQWVPDOHVDQGIHPDOHVDYHUDJHDJH6' 
\ZHUH UHFUXLWHG IRU WKH VWXG\7KHSDWLHQWVPHW WKH'60,9FULWHULD IRU
PDMRUGHSUHVVLRQDQGZHUHIUHHRIDQ\RWKHUSV\FKRDFWLYHGUXJVRUPHGLFD
WLRQVHJOLWKLXPQHXUROHSWLFVDQWLGHSUHVVDQWVDQWLFRQYXOVDQWVRUDQWL
DQ[LHW\DJHQWV$OORIWKHSDWLHQWVZHUHVFDQQHGSULRUWRDQGZHHNVDIWHU
UHFHLYLQJWKHPHGLFDWLRQ'\QDPLF3(7VFDQVVWDUWHGZLWKDQ LQMHFWLRQRI
DSSUR[LPDWHO\P&LRIWUDFHURYHUPLQ6FDQVRIPLQZHUHSHUIRUPHG
ZLWK DQ(&$7+5 VFDQQHU7KH IXQFWLRQDO LPDJHV RI WKH EUDLQ WUDSSLQJ
FRQVWDQWZHUHFUHDWHGE\¿WWLQJWKHWLVVXHWLPHDFWLYLW\FXUYHVWRWKHOLQHDU
L]HGIRUPRIWKHWKUHHUDWHFRQVWDQWELRORJLFDOPRGHO7KHIXQFWLRQDOLPDJHV
ZHUHFRUHJLVWHUHGLQ'XVLQJWKH05,LPDJHVRIHDFKSDWLHQW6WDWLVWLFDO
3DUDPHWULF 0DSSLQJ 630 FRPSDULVRQV ZHUH PDGH LQ ZKLFK VFDQV
REWDLQHG EHIRUH DQG IROORZLQJ WKH DGPLQLVWUDWLRQ RI WKH PHGLFDWLRQ ZLWK
WKH LWHP+DPLOWRQ'HSUHVVLRQ6FDOH DV FRYDULDWH3URSRUWLRQDO VFDOLQJ
ZDVXVHG7KHFOXVWHUVKDYLQJPRUHWKDQYR[HOV[[PPYR[HOVL]H
DQGSIRUDKHLJKWH[WHQWZHUHLGHQWL¿HG,WVKRXOGEHQRWHGWKDWWKH
XVHRISURSRUWLRQDOVFDOLQJUHPRYHVWKHQHFHVVLW\RIFRQYHUWLQJWKHWUDSSLQJ
FRQVWDQWLQWRV\QWKHVLVIXQFWLRQDOLPDJHV
5HVXOWV7KHUHZHUHQRUHJLRQVLQZKLFK+7V\QWKHVLVLQFUHDVHGVLJQL¿
FDQWO\DIWHUWKHPHGLFDWLRQ+RZHYHUVHYHUDOFOXVWHUVLQGLFDWHGDUHJLRQDO
GHFUHDVHLQ+7V\QWKHVLVIROORZLQJWKHWUHDWPHQW7KHUHJLRQVDUHWKHOHIW
LQIHULRUPLGGOHDQGVXSHULRU IURQWDOJ\UXV %URDGPDQQDUHD %$
WKHULJKWLQIHULRUPLGGOHDQGVXSHULRUIURQWDOJ\UXV%$DQG
WKHULJKWVXSHULRUWHPSRUDOJ\UXV%$
&RQFOXVLRQV7KHGDWDVKRZVXVLQJPHDVXUHPHQWVLQKXPDQVWKDWWKLVWUHDW
PHQWUHVXOWV LQUHJLRQVSHFL¿FGHFUHDVHVLQ+7V\QWKHVLV7KLVLQGLFDWHV
WKDWWKHUHFHSWRUVKDYHQRWEHHQIXOO\GHVHQVLWLVHG
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5LVSHULGRQH/RQJ$FWLQJ,QMHFWDEOHDIWHU2UDO5LVSHULGRQH
0D[6FKPDXVV
'HSDUWPHQWRI3V\FKLDWU\%H]LUNVNUDQNHQKDXV$XJVEXUJ
*HUPDQ\
1DGLD6WUDSSHOOL-3.DKQ5RVVHOOD0HGRUL
2EMHFWLYHV7KH HI¿FDF\ RI ULVSHULGRQH ORQJDFWLQJ LQMHFWDEOHZDV LQYHV
WLJDWHGLQDGXOWVZLWKVFKL]RSKUHQLDRURWKHUSV\FKRWLFGLVRUGHUVZKRZHUH
SUHYLRXVO\WUHDWHGZLWKRUDOULVSHULGRQHPRQRWKHUDS\
0HWKRGV3DWLHQWVUHTXLULQJDFKDQJHLQDQWLSV\FKRWLFPHGLFDWLRQUHFHLYHG
ULVSHULGRQHORQJDFWLQJLQMHFWDEOHPJLQFUHDVHGWRPJRUPJLI
QHFHVVDU\HYHU\GD\V
5HVXOWV7KHUHVXOWVDUHSURYLGHGDFFRUGLQJWRWKHGDLO\GRVHRIRUDOULVSHUL
GRQHDWHQWU\PJ*URXSPJ*URXSDQGPJ*URXS
0RVWRI WKHSDWLHQWVZDV VXIIHULQJ IURPVFKL]RSKUHQLD '60,9DQG WKH
PRVWIUHTXHQWUHDVRQIRUFKDQJLQJPHGLFDWLRQLQDOOWKUHHJURXSVZDVQRQ
FRPSOLDQFHZLWKSUHYLRXVWKHUDS\$WHQGSRLQWPRUHSDWLHQWVZHUHRQWKLV
PJGRVHWKDQDQ\RWKHUGRVHWDEOH7KHUHZDVDVLJQL¿FDQWUHGXFWLRQ
IURPEDVHOLQHWRHQGSRLQWLQWKHPHDQWRWDO3$166VFRUHIRUDOOWKUHHJURXSV
DQGDOVRLQWKHVFRUHVIRUWKHSRVLWLYHQHJDWLYHDQGJHQHUDOSV\FKRSDWKRORJ\
VXEVFDOHV)LJXUH$WHQGSRLQWRISDWLHQWVLQ*URXSLQ*URXS
DQGLQ*URXSVKRZHGDQLPSURYHPHQWLQWKH3$166WRWDO
VFRUH&*,±'LVHDVH6HYHULW\LPSURYHGVLJQL¿FDQWO\SLQDOOJURXSV
039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
DQGWKHSURSRUWLRQVRISDWLHQWVFRQVLGHUHGµQRWLOO¶LQFUHDVHGIURPEDVHOLQH
WRHQGSRLQW*URXSYV*URXSYV*URXSYV
3DWLHQWVLQ*URXSVDQGKDGVLJQL¿FDQWLPSURYHPHQWVSLQ
DOOIDFWRUVRIWKH6)TXHVWLRQQDLUHZKLOHWKRVHLQ*URXSKDGLPSURYH
PHQWVLQWKH6RFLDO)XQFWLRQLQJ5ROH(PRWLRQDO0HQWDO+HDOWKDQG0HQWDO
&RPSRQHQW 6XPPDU\ IDFWRUV 0HDQ *$) VFRUH LPSURYHG VLJQL¿FDQWO\
SLQDOOJURXSVZKLOHVDWLVIDFWLRQZLWKWUHDWPHQWLPSURYHGS
LQ*URXSVDQG6HYHULW\RIPRYHPHQWGLVRUGHUVGHFUHDVHGVLJQL¿FDQWO\
GXULQJ WKHPRQWK VWXG\ DVGHPRQVWUDWHGE\ VLJQL¿FDQW UHGXFWLRQV IURP
EDVHOLQHWRHQGSRLQWSLQWKHWRWDOVFRUHIRUWKH(656*URXS
YV*URXSYV*URXSYV
&RQFOXVLRQV 5LVSHULGRQH ORQJDFWLQJ LQMHFWDEOH ZDV PRUH HIIHFWLYH DQG
EHWWHUWROHUDWHGWKDQWKHSUHYLRXVWUHDWPHQWZLWKRUDOULVSHULGRQHUHJDUGOHVV
RI WKH SUHYLRXV GRVH 6\PSWRPV DQG IXQFWLRQLQJ LPSURYHG VLJQL¿FDQWO\
HYHQWKRXJKSDWLHQWVZHUHFRQVLGHUHGWREHVWDEOHRQWKHLUSUHYLRXVPHGLFD
WLRQ ,PSURYHPHQWVZHUHDOVR VHHQ LQPRYHPHQWGLVRUGHUVTXDOLW\RI OLIH
DQGVDWLVIDFWLRQZLWKPHGLFDWLRQ
7DEOH'RVDJHRI5LVSHULGRQHORQJDFWLQJLQMHFWDEOH
±PJ !±PJ !±PJ
PJ PJ PJ PJ PJ PJ PJ PJ PJ
%DVHOLQH         
(QGSRLQW         
)LJXUH6KLIWVLQ3$166WRWDOVFRUHVSVKLIWVYVEDVHOLQH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/RQJ$FWLQJ,QMHFWDEOH5LVSHULGRQHLQ3DWLHQWV3UHYLRXVO\
7UHDWHGZLWK2UDO$W\SLFDO$QWLSV\FKRWLFV
0D[6FKPDXVV
'HSDUWPHQWRI3V\FKLDWU\%H]LUNVNUDQNHQKDXV$XJVEXUJ
*HUPDQ\
$QGUHDV6FKUHLQHU
2EMHFWLYHV 7R HYDOXDWH WKH HI¿FDF\ WROHUDELOLW\ DQG VDIHW\ RI D GLUHFW
WUDQVLWLRQIURPRUDODW\SLFDODQWLSV\FKRWLFVWRORQJDFWLQJLQMHFWDEOH/$,
ULVSHULGRQHZLWKRXWRUDOULVSHULGRQHUXQLQ
0HWKRGV,QDZHHNSURVSHFWLYHPXOWLFHQWHUFOLQLFDOWULDODGXOWLQDQG
RXWSDWLHQWVZLWKVFKL]RSKUHQLDRUVFKL]RDIIHFWLYHGLVRUGHUZHUHVZLWFKHGWR
/$, ULVSHULGRQH 3DWLHQWV ZHUH FRQWLQXHG RQ WKHLU SUHYLRXV DQWLSV\FKRWLF
IRUZHHNVDQGZHUHWKHQWDSHUHGRII3DWLHQWVZHUHHYDOXDWHGXVLQJWKH
3RVLWLYH DQG1HJDWLYH 6\QGURPH 6FDOH 3$166 DQG WKH &OLQLFDO*OREDO
,PSUHVVLRQVFDOH&*,$GYHUVHHYHQWV$(VZHUHDVVHVVHGDWHDFKYLVLW
5HVXOWV$WRWDORISDWLHQWVZHUHHQUROOHGPDOHPHDQDJH
\HDUV2IWKRVHKDGVFKL]RSKUHQLDDQGKDGVFKL]RDIIHFWLYHGLVRU
GHU3DWLHQWVZHUHVZLWFKHGIURPRUDOULVSHULGRQHQ RODQ]DSLQHQ 
DPLVXOSULGH Q  RUTXHWLDSLQH Q PRVWO\GXH WRSRRU FRPSOLDQFH
 ODFN RI HI¿FDF\ RQ QHJDWLYH  RU SRVLWLYH V\PSWRPV 
/$, ULVSHULGRQH GRVHV DW HQGSRLQWZHUH PJ RI SDWLHQWV PJ
 DQGPJ 0HDQ3$166 WRWDO VFRUH GHFUHDVHG VLJQL¿FDQWO\
IURP EDVHOLQH WR HQGSRLQW  WR  S 3$166 SRVLWLYH
 WRDQGQHJDWLYH WRVXEVFRUHVDQG
&*,DOVRLPSURYHGVLJQL¿FDQWO\SYVEDVHOLQHIRUDOOVFDOHV
RISDWLHQWVGLVFRQWLQXHGWKHVWXG\GXHWRDQ$($GYHUVHHYHQWVZHUH
DJLWDWLRQ  KHDGDFKH  GHSUHVVLYH V\PSWRPV SV\FKRVLV DQG
LQVRPQLDHDFK(36ZHUHUHSRUWHGLQIUHTXHQWO\
&RQFOXVLRQV$GLUHFWWUDQVLWLRQIURPRUDODW\SLFDODQWLSV\FKRWLFVWRORQJ
DFWLQJLQMHFWDEOHULVSHULGRQHZDVVDIHZHOOWROHUDWHGDQGDVVRFLDWHGZLWKD
VLJQL¿FDQWDQGFOLQLFDOO\UHOHYDQWLPSURYHPHQWRISV\FKRWLFV\PSWRPVDQG
VHYHULW\RIWKHGLVHDVH
32
5LVSHULGRQH)DVW'LVVROYLQJ7DEOHWVLQ$FXWH6FKL]RSKUHQLF
([DFHUEDWLRQV
$QGUHDV6FKUHLQHU
-DQVVHQ&LODJ*HUPDQ\
&ODXV1RUPDQQ
2EMHFWLYHV 7R HYDOXDWH WKH HI¿FDF\ DQG WROHUDELOLW\ RI ULVSHULGRQH IDVW
GLVVROYLQJ WDEOHWV 5LVSHUGDO4XLFNOHW DORQH RU LQ FRPELQDWLRQZLWK D
VHGDWLQJ FRQFRPLWDQW PHGLFDWLRQ LQ WKH WUHDWPHQW RI DFXWHO\ H[DFHUEDWHG
VFKL]RSKUHQLFSDWLHQWVLQGDLO\FOLQLFDOSUDFWLFH
0HWKRGV3URVSHFWLYHPXOWLFHQWHUREVHUYDWLRQDOVWXG\$FXWHO\H[DFHUEDWHG
VFKL]RSKUHQLFLQSDWLHQWVZHUHDVVHVVHGDWEDVHOLQHDWDQGKRXUV
DQGDIWHUGD\V(QGSRLQWVZHUHWKH3RVLWLYHDQG1HJDWLYH6\QGURPH6FDOH
3$166DQGWKHUDWHRISDWLHQWVEHLQJFDOPKRXUVDIWHUWUHDWPHQWLQLWLD
WLRQ
5HVXOWV  SDWLHQWV  IHPDOH PHDQ DJH  \HDUV ZHUH HQUROOHG
 KDG SDUDQRLG VFKL]RSKUHQLD  SDWLHQWV UHFHLYHG ULVSHULGRQH LQ
FRPELQDWLRQZLWK D EHQ]RGLD]HSLQH  LQ FRPELQDWLRQZLWK D ORZSRWHQW
DQWLSV\FKRWLFSDWLHQWVZHUHWUHDWHGZLWKULVSHULGRQHDORQH,QLWLDOPHDQ
ULVSHULGRQHGRVHZDVPJGD\ DW HQGSRLQW LWZDVPJGD\
3$166 WRWDO VFRUH LPSURYHG VLJQL¿FDQWO\ IURP  EDVHOLQH WR  DW
HQGSRLQWS3$166VXEVFDOHVSRVLWLYHDQGQHJDWLYHJHQHUDOSV\
FKRSDWKRORJ\DJLWDWLRQVXEVFRUHDOVRLPSURYHGVLJQL¿FDQWO\SIRU
HDFKVXEVFDOHRISDWLHQWVZHUHDVVHVVHGDVEHLQJFDOPDWKRXUV
DWKRXUVRISDWLHQWVKDGDWOHDVWRQHDGYHUVHHYHQW$($(VZLWK
DQLQFLGHQFHZHUHH[WUDS\UDPLGDOPRWRUV\PSWRPVDQGFRQVWL
SDWLRQ7UHDWPHQWZLWKULVSHULGRQHZDVGLVFRQWLQXHGSUHPDWXUHO\LQ
SDWLHQWVHDFKGXHWRDQ$(RUODFNRIHI¿FDF\
&RQFOXVLRQV7UHDWPHQWRIDFXWHO\H[DFHUEDWHGVFKL]RSKUHQLFSDWLHQWVZLWK
IDVWGLVVROYLQJULVSHULGRQHWDEOHWVZDVDVVRFLDWHGZLWKDUDSLGRQVHWRIDFWLRQ
DQGD VLJQL¿FDQW DQGFOLQLFDOO\ UHOHYDQW LPSURYHPHQWRI DFXWH V\PSWRPV
5LVSHULGRQHIDVWGLVVROYLQJWDEOHWVZHUHZHOOWROHUDWHG
32
3DWLHQW6DWLVIDFWLRQLQ3DWLHQWV7UHDWHGZLWK5LVSHULGRQHRU
2ODQ]DSLQH
$QGUHDV6FKUHLQHU
-DQVVHQ&LODJ*HUPDQ\
)UDQN*HUDOG3DMRQN
2EMHFWLYHV 7R HYDOXDWH WROHUDELOLW\ DQG SDWLHQW VDWLVIDFWLRQ ZLWK ULVSHUL
GRQH DQG RODQ]DSLQH LQ SDWLHQWV ZLWK VFKL]RSKUHQLD DQG RWKHU SV\FKRWLF
GLVRUGHUV
0HWKRGV3URVSHFWLYHPXOWLFHQWHUQRQUDQGRPL]HGQDWXUDOLVWLFFRPSDUDWLYH
VWXG\3DWLHQWVZHUHVWDUWHGRQRUVZLWFKHGWRULVSHULGRQH5,6RURODQ]DS
LQH2/$LQDUDWLRDQGIROORZHGIRUPRQWKV(I¿FDF\ZDVDVVHVVHG
XVLQJWKH%ULHI3V\FKLDWULF5DWLQJ6FDOH%356SDWLHQWVDWLVIDFWLRQZLWKD
LWHPTXHVWLRQQDLUH
5HVXOWVSDWLHQWVZHUHHQUROOHGRQ5,6DQGRQ2/$2/$SD
WLHQWVZHUHVLJQL¿FDQWO\\RXQJHUS DQGPRUHSDWLHQWVRQ5,6ZHUH
RYHUZHLJKWDWEDVHOLQH YV$OO UHPDLQLQJEDVHOLQHFKDUDF
WHULVWLFV ZHUH FRPSDUDEOH 0HDQ 5,6 GRVH DW HQGSRLQW ZDV  PJGD\
PHDQ2/$GRVH PJGD\%RWK DQWLSV\FKRWLFV VLJQL¿FDQWO\ LPSURYHG
SV\FKRWLF V\PSWRPV %356 WRWDO VFRUH FKDQJH 5,6 ± 2/$ ±
SYVEDVHOLQHQRGLIIHUHQFHEHWZHHQJURXSV7KHUHZDVQRGLIIHU
HQFHLQDGYHUVHHYHQWUDWHV5,62/$QVH[FHSWIRUZHLJKW
JDLQZKLFKZDVVLJQL¿FDQWO\KLJKHUZLWK2/$NJYVNJS
LQFOXGLQJSDWLHQWFRPSODLQWVDERXWZHLJKWJDLQYVS
6LJQL¿FDQWO\PRUH2/$SDWLHQWVZHUHGLVVDWLV¿HGZLWK WKHLUDQWLSV\FKRWLF
PHGLFDWLRQYVS 3K\VLFLDQVUDWHGWROHUDELOLW\RI2/$
VLJQL¿FDQWO\ ZRUVH PRGHUDWH WR SRRU LQ  YV  S  DQG
SDWLHQWVDWLVIDFWLRQZDVKLJKHULQ5,6SDWLHQWVYVS 
039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
&RQFOXVLRQV,QRXUVWXG\SDWLHQWVRQRODQ]DSLQHJDLQHGVLJQL¿FDQWO\PRUH
ZHLJKWFRPSDUHGWRULVSHULGRQH3DWLHQWVDWLVIDFWLRQZDVVLJQL¿FDQWO\KLJKHU
LQSDWLHQWVWUHDWHGZLWKULVSHULGRQH3DWLHQWVDWLVIDFWLRQVKRXOGEHWDNHQLQWR
FRQVLGHUDWLRQIRUORQJWHUPWUHDWPHQWRISV\FKRWLFGLVRUGHUVZKHQFKRRVLQJ
DQDQWLSV\FKRWLFPHGLFDWLRQ
32
/RQJ$FWLQJ5LVSHULGRQHLQ3DWLHQWV3UHYLRXVO\7UHDWHGZLWK
2UDO$W\SLFDO$QWLSV\FKRWLFV
$QGUHDV6FKUHLQHU
-DQVVHQ&LODJ*HUPDQ\
+DQV-UJHQ0|OOHU
2EMHFWLYHV7RHYDOXDWH WKH HI¿FDF\DQG WROHUDELOLW\RI DGLUHFW WUDQVLWLRQ
IURPRUDODW\SLFDODQWLSV\FKRWLFVWRULVSHULGRQHORQJDFWLQJLQMHFWDEOH/$,
ZLWKRXWRUDOULVSHULGRQHUXQLQLQSDWLHQWVZLWKVFKL]RSKUHQLDVFKL]RDIIHF
WLYHDQGRWKHUSV\FKRWLFGLVRUGHUV
0HWKRGV,QWKLVSURVSHFWLYH*HUPDQPXOWLFHQWHUVWXG\DGXOWSDWLHQWV
\HDUVRIDJHZKRDUHVWDEOHRQWKHLUSUHYLRXVRUDODW\SLFDODQWLSV\FKRWLFUHJL
PHQIRUPRQWKUHFHLYHGULVSHULGRQH/$,PJLQFUHDVLQJWRRU
PJLIQHFHVVDU\HYHU\WZRZHHNVIRUPRQWKV7KHSUHYLRXVDQWLSV\FKRWLF
ZDVPDLQWDLQHGIRUZHHNVDQGWKHQWDSHUHGRII5DWLQJVFDOHVHQFRPSDVVHG
WKH3RVLWLYH DQG1HJDWLYH6\QGURPH6FDOH 3$166&OLQLFDO*OREDO ,P
SUHVVLRQ&*,*OREDO$VVHVVPHQWRI)XQFWLRQLQJ*$)4XDOLW\RI/LIH
6)DQGWKH([WUDS\UDPLGDO6\PSWRP5DWLQJ6FDOH(656
5HVXOWV2I SDWLHQWV HQUROOHG ZHUHPDOH0HDQ DJHZDV
\HDUVRIWKHSDWLHQWVKDGVFKL]RSKUHQLDPRVWO\SDUDQRLGW\SH
VFKL]RDIIHFWLYHGLVRUGHUDQGKDGRWKHUSV\FKRWLFGLVRUGHUV3UHYLRXV
DQWLSV\FKRWLFV ZHUH RUDO ULVSHULGRQH Q  RODQ]DSLQH Q  DPLVXO
SULGH Q  TXHWLDSLQH Q  DQG ]LSUDVLGRQH Q 0DLQ UHDVRQV IRU
WKHWUDQVLWLRQWR/$,ULVSHULGRQHZHUHODFNRIFRPSOLDQFHLQVXI¿FLHQW
HI¿FDF\DQGVLGHHIIHFWVRIWKHSUHYLRXVPHGLFDWLRQ3$166
WRWDOVFRUHSRVLWLYHVXEVFRUHDQGUHPDUNDEO\DOVR3$166QHJDWLYHVXEVFRUH
LPSURYHGVLJQL¿FDQWO\IURPEDVHOLQHWRHQGSRLQWS$WHQGSRLQW
RISDWLHQWVZHUHµQRWLOO¶¶ERUGHUOLQHLOO¶FRPSDUHGWRDWEDVHOLQH
$OO6)TXDOLW\RIOLIHVXEVFDOHVLQFOXGLQJVRFLDOIXQFWLRQLQJUROHHPR
WLRQDO DQG PHQWDO KHDOWK LPSURYHG VLJQL¿FDQWO\ 7KH SRUWLRQ RI SDWLHQW
VDWLVIDFWLRQVHOIUDWHGDV³YHU\JRRG´LQFUHDVHGIURPWRRIWKH
SDWLHQWVGLVFRQWLQXHG WKH WULDOHDUO\GXH WRDQDGYHUVHHYHQW $(DQG
GXH WR LQVXI¿FLHQW UHVSRQVH7UHDWPHQWHPHUJHQW$(VZHUHZRUVHQ
LQJRISV\FKRVLVDQGGHSUHVVLRQ0HGLDQ(656WRWDOVFRUH
LPSURYHGVLJQL¿FDQWO\IURPDWEDVHOLQHWRDWHQGSRLQWS
&RQFOXVLRQV 'LUHFW WUDQVLWLRQ IURP RUDO DW\SLFDO DQWLSV\FKRWLFV WR /$,
ULVSHULGRQH LQ SDWLHQWVZLWK VFKL]RSKUHQLD VFKL]RDIIHFWLYH DQG RWKHU SV\
FKRWLFGLVRUGHUVZDVDVVRFLDWHGZLWKDVLJQL¿FDQWLPSURYHPHQWLQSV\FKRWLF
V\PSWRPVTXDOLW\RIOLIHDQGSDWLHQWVDWLVIDFWLRQ/$,ULVSHULGRQHZDVZHOO
WROHUDWHGZLWKDGHFUHDVHLQH[WUDS\UDPLGDOV\PSWRPVHYHULW\
32
0LUWD]DSLQHDQG6OHHSLQHVV3HUIRUPDQFH0HDVXUHVLQ
'HSUHVVLRQ
$QGUHZ:LQRNXU
8&RQQ+HDOWK&HQWHU86$
1LFKRODV'H0DUWLQLV'DQLHO0F1DOO\/DQFH%DXHU
5LFKDUG.DSODQ3HWHU.U]\NRZVNL.HLWK*DU\
2EMHFWLYHV7KLV VWXG\FRPSDUHVHIIHFWVRIPLUWD]DSLQHDQGÀXR[HWLQHRQ
REMHFWLYHDQGVXEMHFWLYHGD\WLPHVOHHSLQHVVPHDVXUHVDQGRQSHUIRUPDQFH
WHVWV VHQVLWLYH WR VOHHSLQHVV WR GHWHUPLQHZKHWKHUPLUWD]DSLQH¶V DELOLW\ WR
LPSURYHVOHHSTXDOLW\DUHDVVRFLDWHGZLWKQHJDWLYHHIIHFWVRQGD\WLPHDOHUW
QHVVRUSHUIRUPDQFH
0HWKRGV3DWLHQWVGLDJQRVHGZLWKPDMRUGHSUHVVLRQSOXVLQVRPQLDUHFHLYHG
LQLWLDO EDVHOLQH SRO\VRPQRJUDSKLF 36* HYDOXDWLRQV RYHU  FRQVHFXWLYH
QLJKWV IROORZHG E\ D GD\WLPH WHVW EDWWHU\ FRQVLVWLQJ RI D0XOWLSOH 6OHHS
/DWHQF\ 7HVW 06/7 WKH (SZRUWK 6OHHSLQHVV 6FDOH (66 DQG WKH:LO
OLDPVLQKLELWLRQWHVWRIYLJLODQFH:,73DWLHQWVZHUHUDQGRPO\DVVLJQHGWR
WUHDWPHQWZLWKHLWKHUÀXR[HWLQHQ PJGDLO\IRUZHHNVWLWUDWHGWR
PJGDLO\IRUDQRWKHUZHHNVRUPLUWD]DSLQHQ PJGDLO\IRU
GD\VWLWUDWHGWRPJIRUGD\VDQGWKHQWRPJGDLO\IRUUHPDLQLQJ
ZHHNV6LQJOHQLJKW36*¶VZHUHFRQGXFWHGDWZHHNVDQGRIWUHDWPHQW
DQGWKHGD\WLPHWHVWEDWWHU\06/7(66:,7FRQGXFWHGDWZHHNVDQG
IROORZLQJRYHUQLJKW36*¶V+DPLOWRQ'HSUHVVLRQUDWLQJ6FDOHDVVHVVPHQWV
ZHUH REWDLQHG DW EDVHOLQH DQG WUHDWPHQW ZHHNV      DQG  'DWD
DQDO\VHVZHUHFDUULHGRXWE\PHDQVRIUHSHDWHGPHDVXUHV$129$IROORZHG
E\%RQIHURQQLSRVWKRFDQDO\VHV
5HVXOWV1RVLJQL¿FDQWGLIIHUHQFHVZHUHQRWHGEHWZHHQWKHPLUWD]DSLQHDQG
WKHÀXR[HWLQHJURXSVDWEDVHOLQHDQGDWZHHNVDQG IRU WKH06/7DQG
(667KH:LOOLDPV,QKLELWLRQWHVWGDWDLQGLFDWHGVLJQL¿FDQWGLIIHUHQFHVEH
WZHHQEDVHOLQHDQGZHHNVDQGZLWKLQÀXR[HWLQHDQGPLUWD]DSLQHJURXSV
7KH:,7 GDWD DOVR LQGLFDWHG VLJQL¿FDQW LPSURYHPHQW LQ HUURU UDWH LQ WKH
PLUWD]DSLQHJURXSDWZHHNLQDVWDQGDUGYLJLODQFHWDVN:LWKDGGLWLRQRI
D VLQJOH GLVWUDFWRU WR LQFUHDVH WDVN GLI¿FXOW\PLUWD]DSLQH WUHDWHG SDWLHQWV
GHPRQVWUDWHGVLJQL¿FDQWO\LPSURYHGPHDQDQGWRWDOUHVSRQVHWLPHVZLWKQR
LQFUHDVHLQHUURUUDWHVDVFRPSDUHGWRWKHÀXR[HWLQHJURXS
&RQFOXVLRQV3UHYLRXVUHSRUWVLQSDWLHQWVWUHDWHGZLWKPLUWD]DSLQHRIGD\
WLPHVRPQROHQFHUDQJHIURPWR7KXVLWZDVLPSRUWDQWWRGHWHUPLQH
ZKHWKHULPSURYHPHQWVLQVOHHSTXDOLW\RFFXUUHGDWWKHH[SHQVHRIVLJQL¿FDQW
UHVLGXDOGD\WLPHHIIHFWVLQGLFDWHGE\H[FHVVLYHVOHHSLQHVVRULQLPSDLUPHQW
RISHUIRUPDQFH$VÀXR[HWLQHLVJHQHUDOO\YLHZHGDVDQDFWLYDWLQJDJHQWLW
ZDV VWULNLQJ WR REVHUYH WKDWPLUWD]DSLQHWUHDWHG SDWLHQWV GHPRQVWUDWHG QR
HYLGHQFHRI LPSDLUPHQW LQGD\WLPHDOWHUQHVVRUSHUIRUPDQFHDVFRPSDUHG
ZLWKWKHÀXR[HWLQHJURXS
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&LWDORSUDP5HVWRUHV+LSSRFDPSDO1HXURJHQHVLVLQ
%XOEHFWRPL]HG5DWV
$OH[DQGHU=KDUNRYVN\
8QLYHUVLW\RI7DUWX(VWRQLD
.OOL-DDNR7DPDUD=KDUNRYVN\
2EMHFWLYHV 7KH GHQWDWH J\UXV RI KLSSRFDPSXV GLIIHUV IURP RWKHU EUDLQ
UHJLRQVEHFDXVHRILWVDELOLW\WRJHQHUDWHQHZQHXURQVLQDGXOWKRRG7KHVH
QHZO\ERUQFHOOVRIWKHGHQWDWHJ\UXVDUHDEOHWRHLWKHUGLYLGHRUGLIIHUHQWLDWH
LQWRPDWXUH JUDQXOH QHXURQV5HFHQWO\ LWZDV K\SRWKHVL]HG WKDW GLVUXSWHG
KLSSRFDPSDOQHXURJHQHVLVPLJKWEHUHODWHGWRWKHSDWKRJHQHVLVRIGHSUHV
VLRQ $GXOW KLSSRFDPSDO QHXURJHQHVLV FDQ EH WKHUHIRUH FRQVLGHUHG DV D
SRWHQWLDOWDUJHWIRUWKHDFWLRQVRIDQWLGHSUHVVDQWV
,Q WKH SUHVHQW VWXG\ ZH LQYHVWLJDWHG WKH HIIHFWV RI UHSHDWHG FLWDORSUDP
WUHDWPHQWRQWKHKLSSRFDPSXVGHSHQGHQWFRQWH[WXDOIHDUFRQGLWLRQLQJDQG
KLSSRFDPSDO QHXURJHQHVLV LQ DQ DQLPDO PRGHO RI GHSUHVVLRQ LQGXFHG E\
ELODWHUDODEODWLRQRIROIDFWRU\EXOELQUDWV
0HWKRGV%XOEHFWRPL]HG %(DQGVKDPRSHUDWHGDQLPDOVZHUHDGPLQLV
WHUHGHLWKHUFLWDORSUDPLQGRVHPJNJSHUGD\ IRUFRQVHFXWLYHGD\V
RU YHKLFOH$W WKH HQG RI FLWDORSUDP RU YHKLFOH WUHDWPHQW VKDPRSHUDWHG
DQG%(UDWVZHUHVXEMHFWHGWR3DYORYLDQFRQWH[WXDOIHDUFRQGLWLRQLQJKLS
SRFDPSXVGHSHQGHQW WDVN7R DVVHVV QHXURJHQHVLV D SUROLIHUDWLRQPDUNHU
EURPRGLR[\XULGLQH%UG8PJNJLSZDVDGPLQLVWHUHGDWWKHHQGRI
DQWLGHSUHVVDQWRUYHKLFOHWUHDWPHQWHIIHFWRQSUROLIHUDWLRQRUDWWKHEHJLQ
QLQJ RI DQWLGHSUHVVDQW WUHDWPHQW HIIHFW RQ VXUYLYDO DQG GLIIHUHQWLDWLRQ RI
WKHQHZO\ERUQFHOOV,PPXQRKLVWRFKHPLFDOGHWHFWLRQRIQHZO\ERUQFHOOV
ZDV SHUIRUPHG XVLQJ FRQYHQWLRQDO DQWLERG\ DJDLQVW %UG8 7R GHWHUPLQH
GLIIHUHQWLDWLRQSDWWHUQRIWKHQHZO\ERUQFHOOVDGRXEOHLPPXQRKLVWRFKHP
LVWU\ZLWK%UG8DQGHLWKHUQHXURQDOFDOELQGLQ36$1&$07XMRUJOLDO
*)$3PDUNHUVZHUHSHUIRUPHG
5HVXOWV%(UDWVGLVSOD\HGGH¿FLWVLQWKHFRQWH[WXDOIHDUPHPRU\FRQGLWLRQ
LQJDVLWZDVUHÀHFWHGE\WKHUHGXFWLRQRIIUHH]LQJWLPHKRXUVDIWHUWKH
SUHVHQWDWLRQ RQ FRQGLWLRQHG DQG XQFRQGLWLRQHG VWLPXOL )XUWKHUPRUH %(
UDWVGHPRQVWUDWHGGH¿FLWVLQWKHH[WLQFWLRQRIFRQGLWLRQHGIHDUXSRQUHSHDWHG
SUHVHQWDWLRQRIWKHFRQWH[W%(LVDOVRUHVXOWHGLQDGHFUHDVHGJHQHUDWLRQRI
WKHQHZFHOOV LQ WKHGHQWDWHJ\UXVRIKLSSRFDPSXV7KHPDWXUDWLRQRI WKH
QHZO\ ERUQ FHOOV LQWR DGXOW FDOELQGLQSRVLWLYH QHXURQVZDV DOVR UHWDUGHG
5HSHDWHGDQWLGHSUHVVDQWWUHDWPHQWUHVWRUHGFRQWH[WXDOPHPRU\FRQGLWLRQLQJ
WRFRQWUROOHYHOVDQGIDFLOLWDWHGH[WLQFWLRQRIDFTXLUHGPHPRULHV&LWDORSUDP
DOVRUHVWRUHGSUROLIHUDWLYHDFWLYLW\LQWKHGHQWDWHJ\UXVDQGSURPRWHGGLIIHU
HQWLDWLRQRIWKHQHZO\ERUQFHOOVLQWRFDOELQGLQSRVLWLYHFHOOV
&RQFOXVLRQV2XUGDWDGHPRQVWUDWHWKDWELODWHUDO%(UHVXOWVLQWKHGLVUXS
WLRQRIKLSSRFDPSDOIXQFWLRQVRQERWKIXQFWLRQDOFRQWH[WXDOIHDUPHPRU\
DQGPRUSKRORJLFDOQHXURJHQHVLVOHYHOV5HSHDWHGDQWLGHSUHVVDQWWUHDWPHQW
FRXQWHUDFWV WKHKLSSRFDPSDOG\VIXQFWLRQDQG UHVWRUHGFRQWH[WXDOPHPRU\
DQGQHXURJHQHVLV
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3RVWHU6HVVLRQ1R
32
(VFLWDORSUDPLQWKH7UHDWPHQWRI$Q[LHW\$VVRFLDWHGZLWK
'HSUHVVLRQ
%RUZLQ%DQGHORZ
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\RI*|W
WLQJHQ*|WWLQJHQ*HUPDQ\
+HQQLQJ)ULLV$QGHUVHQ
2EMHFWLYHV&RPRUELGLWLHVDUHFRPPRQ LQ UHDO OLIH DQG LW LV LPSRUWDQW WR
H[DPLQH FRPRUELG GHSUHVVLRQDQ[LHW\ VLQFH ERWK GHSUHVVLYH DQG DQ[LRXV
V\PSWRPVQHHGWRLPSURYHZLWKWUHDWPHQWWRDFKLHYHVWDEOHUHPLVVLRQ,QWKH
SUHVHQWSDSHUWKHHIIHFWRIWKHVHOHFWLYHVHURWRQLQUHXSWDNHLQKLELWRUHVFLWD
ORSUDPLQWUHDWLQJWKHV\PSWRPVRIDQ[LHW\LQSDWLHQWVZLWKPDMRUGHSUHVVLRQ
ZLWKRXWFRPRUELGDQ[LHW\ZDVLQYHVWLJDWHG
0HWKRGV 'DWD IURP ¿YH SUHYLRXVO\ SXEOLVKHG HVFLWDORSUDP VWXGLHV WKDW
LQFOXGHGDSODFHERDUPZHUHDQDO\]HG7KUHHRIWKHVWXGLHVDOVRLQFOXGHGD
FRPSDULVRQZLWKFLWDORSUDP,QDOOVWXGLHVDQ[LHW\ZDVDVVHVVHGXVLQJWKH
³LQQHUWHQVLRQ´LWHPLWHPRIWKH0RQWJRPHU\cVEHUJ'HSUHVVLRQ5DWLQJ
6FDOH,QWKUHHRIWKHVWXGLHVDQ[LHW\V\PSWRPVZHUHDOVRDVVHVVHGHLWKHU
FRQWLQXRXVO\RYHUWLPHRUDWEDVHOLQHDQGHQGSRLQWE\XVLQJWKH+DPLOWRQ
5DWLQJ6FDOHIRU$Q[LHW\+$0$WKH³DQ[LRXVPRRG´LWHPRIWKH+$0$
LWHP WKH3V\FKLF$Q[LHW\ VXEVFDOHRI WKH+$0$LWHPV DQG
WKH ³SV\FKLF DQ[LHW\´ LWHP RI WKH +DPLOWRQ 5DWLQJ 6FDOH IRU 'HSUHVVLRQ
+$0' LWHPDQG WKH$Q[LHW\6RPDWL]DWLRQVXEIDFWRURI WKH+$0'
LWHPVDQG
5HVXOWV,QDOOFRPSDULVRQVPHDQLPSURYHPHQWIRUHVFLWDORSUDPZDVVLJ
QL¿FDQWO\JUHDWHUWKDQIRUSODFHER,QVRPHFRPSDULVRQVHVFLWDORSUDPDOVR
VKRZHGDVLJQL¿FDQWO\HDUOLHURQVHWRIDFWLRQRUDQHDUOLHUVHSDUDWLRQIURP
SODFHERWKDQFLWDORSUDP
&RQFOXVLRQV$Q[LHW\ V\PSWRPV LQ GHSUHVVHG SDWLHQWV FDQ HIIHFWLYHO\ EH
WUHDWHGZLWK HVFLWDORSUDPDQG DPRUH VWDEOH UHPLVVLRQPLJKW WKHUHIRUHEH
DFKLHYHG
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7ROHUDQFHWR6RPQROHQFHZLWK4XHWLDSLQH$5HYLHZRIWKH
(YLGHQFH
-HIIUH\*ROGVWHLQ
$VWUD=HQHFD:LOPLQJWRQ'HODZDUH86$
'HQQLV6ZHLW]HU.DWH=KRQJ
2EMHFWLYHV6RPQROHQFHLVDFRPPRQVLGHHIIHFWRIGUXJVWKDWEORFNKLVWD
PLQH+UHFHSWRUVLQFOXGLQJDQWLSV\FKRWLFV+RZHYHUWROHUDQFHWRVRP
QROHQFHFDQGHYHORSUDSLGO\DVVKRZQZLWK¿UVWJHQHUDWLRQDQWLKLVWDPLQHV
7KHXQLTXHUHFHSWRUELQGLQJSUR¿OHRIWKHDW\SLFDODQWLSV\FKRWLFTXHWLDSLQH
µ6HURTXHO¶ SUHGLFWV UDSLG GHYHORSPHQW RI WROHUDQFH 4XHWLDSLQH VKRZV
KLJK DI¿QLW\ IRU + UHFHSWRUV DQG PRGHUDWH DI¿QLW\ IRU VHURWRQLQ +7
DQGGRSDPLQH'UHFHSWRUVLQGLFDWLQJWKDW+UHFHSWRUVZLOOEHEORFNHGDW
PXFKORZHUGUXJFRQFHQWUDWLRQV WKDQ'RU+7UHFHSWRUV$W WKHGRVHV
XVHGWRWUHDWVFKL]RSKUHQLDPJGD\WKH+UHFHSWRULVFRPSOHWHO\
EORFNHGDQGZHWKHUHIRUHK\SRWKHVLVHDQ\VRPQROHQFHWKDWRFFXUVZLOOEH
PLOG DQG WUDQVLHQW7KHSXUSRVHRI WKLV DQDO\VLVZDV WR H[DPLQH WKH LQFL
GHQFHDQGWLPHFRXUVHRIVRPQROHQFHLQSDWLHQWVWUHDWHGZLWKTXHWLDSLQHDQG
ZKHWKHULWZDVXQUHODWHGWRGRVHRUUHVSRQVH
0HWKRGV$ UHWURVSHFWLYH DQDO\VLV RI VRPQROHQFH GDWD IURP  WULDOV RI
TXHWLDSLQHZDVFRQGXFWHG6XEDQDO\VLVRIDVFKL]RSKUHQLDWULDORITXHWLDSLQH
YHUVXVULVSHULGRQHZDVDOVRSHUIRUPHG'HVFULSWLYHVWDWLVWLFVDUHSUHVHQWHG
IRUVRPQROHQFHUHSRUWHGDVDQDGYHUVHHYHQW
5HVXOWVSDWLHQWVZHUH WUHDWHGZLWKTXHWLDSLQHPHGLDQDJH\HDUV
DQG GLDJQRVHG ZLWK VFKL]RSKUHQLD  ELSRODU GLVRUGHU  GH
PHQWLD RWKHU RUZHUHKHDOWK\YROXQWHHUV RI
SDWLHQWV UHSRUWHG VRPQROHQFH DW OHDVW RQFH GXULQJ TXHWLDSLQH WUHDWPHQW
VRPQROHQFHZDVPLOGRUPRGHUDWHLQWKHPDMRULW\RIFDVHV0HGLDQGXUDWLRQ
RIVRPQROHQFHZDVGD\V LQRISDWLHQWVVRPQROHQFHODVWHGGD\
)LUVWRQVHWRI VRPQROHQFHZDVPRVWFRPPRQ LQ:HHNRISDWLHQWV
KDGRQVHWDIWHU:HHN6LPLODUO\LQDVWXG\FRPSDULQJTXHWLDSLQHDQGULVS
HULGRQHVRPQROHQFHZLWKTXHWLDSLQHZDVPRUHFRPPRQDW:HHN
WKDQDW:HHN
,Q D WULDO RI TXHWLDSLQH JLYHQ DW D UDQJH RI ¿[HG GRVHV WKH LQFLGHQFH RI
VRPQROHQFH VKRZHG QR GRVH DVVRFLDWLRQ  PJ  PJ
 PJ  PJ DQG  PJ )XUWKHUPRUH WKH
TXHWLDSLQHYHUVXVULVSHULGRQHVWXG\IRXQGQRVLJQL¿FDQWDVVRFLDWLRQEHWZHHQ
VRPQROHQFHRQRUEHIRUHDYLVLWDQGFOLQLFDOUHVSRQVHWRTXHWLDSLQHWUHDWPHQW
DFFRUGLQJWR3$166DQG&*,RXWFRPHV
&RQFOXVLRQV6RPQROHQFHGXULQJTXHWLDSLQHWUHDWPHQWLVJHQHUDOO\PLOGRU
PRGHUDWHRFFXUVHDUO\ LQ WUHDWPHQWDQGUDUHO\SHUVLVWV ,QFLGHQFHRIVRP
QROHQFHLVXQUHODWHGWRTXHWLDSLQHGRVHRUFOLQLFDOUHVSRQVH2QHSRWHQWLDO
H[SODQDWLRQIRUWKHVHFOLQLFDOREVHUYDWLRQVLVWKHUDSLGGHYHORSPHQWRIWROHU
DQFHWRVRPQROHQFHZLWKTXHWLDSLQHWUHDWPHQW
5HIHUHQFHV
5LFKDUGVRQ*6HWDO-&OLQ3V\FKRSKDUPDFRO
*ROGVWHLQ-0,QW-1HXURSV\FKRSKDUPDFRO
 =KRQJ .; HW DO  3RVWHU SUHVHQWHG DW WKH WK (&13 &RQJUHVV
3UDJXH&]HFK5HSXEOLF6HSWHPEHU
$UYDQLWLV/$HWDO%LRO3V\FKLDWU\
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4XHWLDSLQH8QLTXH0HFKDQLVPRI$FWLRQLQ%LSRODU
'HSUHVVLRQ
-HIIUH\0*ROGVWHLQ
$VWUD=HQHFD:LOPLQJWRQ'HODZDUH86$
2EMHFWLYHV'LVFXVVWKHPHFKDQLVPRIDFWLRQRITXHWLDSLQHFRPSDUHGZLWK
VHOHFWLYHVHURWRQLQUHXSWDNHLQKLELWRUV665,VWKDWDUHHIIHFWLYHLQWKHWUHDW
PHQWRIELSRODUGHSUHVVLRQ
0HWKRGV$UHYLHZRIWKHSXEOLVKHGOLWHUDWXUHUHJDUGLQJWKHPHFKDQLVPRI
DFWLRQRITXHWLDSLQH
5HVXOWV4XHWLDSLQHKDVDODUJHWKHUDSHXWLFLQGH[DQGLVKLJKO\HI¿FDFLRXV
LQWUHDWLQJERWKWKHGHSUHVVLYHDQGDQ[LHW\V\PSWRPVLQELSRODUGHSUHVVLRQ
ZLWKRXW GHVWDELOL]LQJ PRRG &DODEUHVH  4XHWLDSLQH KDV D XQLTXH
UHFHSWRUSUR¿OHLQFOXGLQJVXFKGLYHUVHWDUJHWVDVVHURWRQLQQRUHSLQHSKULQH
GRSDPLQH DQG YDULRXV VHFRQG PHVVHQJHUV DQG HDUO\ JHQHV $OWKRXJK D
QXPEHURIPHFKDQLVPVKDYHEHHQSRVWXODWHGWRSOD\DUROHLQWKHHIIHFWLYH
WUHDWPHQW RI ELSRODU GHSUHVVLRQ D UHYLHZ RI WKH GDWD VXJJHVW LPSRUWDQW
VLPLODULWLHVDVZHOODVGLIIHUHQFHVDPRQJWKH665,VDQGTXHWLDSLQHRQVH
URWRQHUJLFPHFKDQLVPV665,VDQGTXHWLDSLQHGRZQUHJXODWH+7UHFHSWRU
DFWLYLW\ WKH IRUPHUE\ WKHVHOHFWLYH UHXSWDNH LQKLELWLRQRIVHURWRQLQ <DW
KDPDQGWKHODWWHUE\DQWDJRQLVPRIVHURWRQLQDWWKH+7UHFHSWRU
*ROGVWHLQ665,VDOVRKDYHLQGLUHFWHIIHFWVRQ+7$DXWRUHFHSWRUV
E\LQFUHDVHGUHOHDVHRI+7.LQQH\ZKLOHTXHWLDSLQHDFWVDVDSDUWLDO
DJRQLVW DW WKHVH UHFHSWRUV ,FKLNDZD7KHVH FRPPRQDOLWLHVPD\EH
UHODWHGWRWKHUDSHXWLFHI¿FDF\4XHWLDSLQH¶VDQWLGHSUHVVDQWDFWLYLW\PD\DOVR
EHKLJKHUWKDQRWKHUDW\SLFDODQWLSV\FKRWLFVGXHWRLWVUDSLG'GLVVRFLDWLRQ
NLQHWLFVDQGORZHU'UHFHSWRURFFXSDQF\ZKLFKPLQLPL]HG\VSKRULD665,V
GLIIHU IURP TXHWLDSLQH ZLWK UHVSHFW WR WKHLU VLGHHIIHFW OLDELOLW\ DVVRFL
DWHGZLWK LQFUHDVHG+7OHYHOV HJQDXVHDYRPLWLQJVH[XDOG\VIXQFWLRQ
DNDWKLVLDDJLWDWLRQDQGODFNRIDELOLW\ WRVWDELOL]HPRRGE\DQWDJRQL]LQJ
GRSDPLQH'UHFHSWRUVDQGSUHYHQWLQJPDQLD
&RQFOXVLRQV7DNHQWRJHWKHUWKHVHSURSHUWLHVVRPHRIZKLFKRYHUODSZLWK
665,VPD\FRQWULEXWHWRZDUGVWKHDQWLGHSUHVVDQWDQGDQWLDQ[LHW\HIIHFWVRI
TXHWLDSLQHLQSDWLHQWVZLWKELSRODUGHSUHVVLRQ
5HIHUHQFHV
&DODEUHVH-5HWDO$P-3V\FKLDWU\,QSUHVV
*ROGVWHLQ-0'UXJV7RGD\%DUF
,FKLNDZD-HWDO%UDLQ5HV
.LQQH\**HWDO0RO1HXURELRO
<DWKDPHWDO$UFK*HQ3V\FKLDWU\
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7KH(IIHFWVRI$QWLGHSUHVVDQWVRQWKH7UDQVFULSWLRQ)DFWRU
3DUWLFLSDWLQJLQ1HXURQDO'LIIHUHQWLDWLRQ
(UL+DVKLPRWR
6DSSRUR0HGLFDO8QLYHUVLW\6DSSRUR-DSDQ
:DWDUX8NDL7RPR\XNL,PDL7DNDR,VKLL6KLJHNL.XURVDZD
+LURVKL,NHGD7RVKLND]X6DLWR
2EMHFWLYHV,QWKHSUHYLRXVVWXG\ZHKDYHGHPRQVWUDWHGWKDW665,VÀXR[H
WKLQHDQGSDUR[HWKLQHKDYHSURPRWLYHHIIHFWVRQWKHQHXURQDOGLIIHUHQWLDWLRQ
RIQHXUDOVWHPFHOOV:HDQDO\]HGWKHDFWLRQVRIWKHVHGUXJVRQWKHWUDQVFULS
WLRQDOIDFWRUDFWLYDWLRQZKLFKSDUWLFLSDWHLQWKHQHXURQDOGLIIHUHQWLDWLRQE\
FRPSDULQJWKHHIIHFWVRIWURSKLFIDFWRUV
0HWKRGV:HLQYHVWLJDWHGWKHHIIHFWVRIVRPHNLQGRIDQWLGHSUHVVDQWVDQG
WURSKLFIDFWRUV,*)DQG%'1)RQWKHUHJXODWLRQRIQHXURQDOGLIIHUHQWLD
WLRQDQGWKHLU WUDQVFULSWLRQIDFWRUDFWLYLW\E\XVLQJQHXUDOVWHPSURJHQLWRU
FHOOV 16&VSUHSDUHG IURP WHOHQFHSKDORQVRI( UDW HPEU\RV7KHGLI
IHUHQWLDWLRQRI16&VZDVDVVHVVHGE\LPPXQRVWDLQLQJIROORZHGE\(/,6$
0$3(/,6$:H DOVR SHUIRUPHG:HVWHUQ EORW DQDO\VLV WR REVHUYH DO
WHUDWLRQVRIH[SUHVVLRQRILQWUDFHOOXODUPROHFXOHVWKDWPHGLDWHWUDQVPLVVLRQ
RI H[WUDFHOOXODU VLJQDOV LQLWLDWHG E\ QHXURWURSKLF IDFWRUV ,Q DGGLWLRQ ZH
PHDVXUHG WKHH[SUHVVLRQRIQHXURJHQLQDQGEFODQG WUDQVFULSWLRQIDFWRU
DFWLYLW\ FKDQJH RI &5(% DQG 156) WKRVH DUH DOO LPSOLFDWHG IDFWRUV LQ
QHXURQDOGLIIHUHQWLDWLRQ
5HVXOWV %RWK 665,V ÀXR[HWKLQH DQG SDUR[HWKLQH VKRZHG SURPRWLYH HI
IHFWRQ WKHQHXUDO VWHPFHOOGLIIHUHQWLDWLRQ WRQHXURQV LQ WKHGRVDJH WKRVH
DUHFOLQLFDOO\XVHG8QGHUWKDWFRQGLWLRQERWKÀXR[HWKLQHDQGSDUR[HWKLQH
FKDQJHG WKH '1$ ELQGLQJ DFWLYLW\ RI 156) 7KH WURSKLF IDFWRUV ,*)
DQG %'1) DIIHFWHG WKH WUDQVFULSWLRQ IDFWRU DFWLYLW\ LQ GLIIHUHQW PDQQHU
7KH0(. LQKLELWRU 8 VXSSUHVVHG QHXUDO VWHP FHOO GLIIHUHQWLDWLRQ WR
QHXURQV KRZHYHU LW SRWHQWLDWHG WKH DFWLYLW\ RI156) ELQGLQJ DFWLYLW\ LQ
DFRQFHQWUDWLRQGHSHQGHQWPDQQHU%RWK665,V LQFUHDVHGSKRVSKRU\ODWLRQ
RI(5.ZKLOHLWGLGQRWDIIHFWWKHH[SUHVVLRQRIWRWDO(5.
&RQFOXVLRQV7KHVH UHVXOWV VXJJHVW WKDW LQ WKHPHFKDQLVPVRIDQWLGHSUHV
VDQWVWRUHSDLUDQGQRUPDOL]HGQHXURQDOQHWZRUNLPSDLUPHQWWKHSURPRWLYH
HIIHFWRIQHXUDOVWHPFHOOGLIIHUHQWLDWLRQPLJKWEHWKHVSHFL¿FDQGLPSRUWDQW
DFWLRQ,WLVKLJKO\SRVVLEOHWKDW665,VLQGXFHGFKDQJLQJRI156)ELQGLQJ
DFWLYLW\ XQGHUOLHV WKH PHFKDQLVP RI WKH QHXURQDO GLIIHUHQWLDWLRQ FKDQJH
ZKLFKPD\EH FDXVHG E\ WKH DFWLYDWLRQ RI0$3NLQDVH FDVFDGH LQ QHXUDO
VWHPFHOOVLQWKHEUDLQ
32
'HILFLWRI6HURWRQLQ6\QWKHVLVDQG5HVLVWDQFHWR
$QWLGHSUHVVDQWV
5REHUWR:,QYHUQL]]L
,VWLWXWRGL5LFHUFKH)DUPDFRORJLFKH³0DULR1HJUL´0LODQ,WDO\
/XLJL&HUYR$OHVVDQGUR&DQHWWD(OHRQRUD&DOFDJQR
6LOYLD%XUEDVVL*LXVHSSLQD6DFFKHWWL6LOYLR&DFFLD
&ODXGLD)UDFDVVR'LHJR$OEDQL*LDQOXLJL)RUORQL
2EMHFWLYHV $OWKRXJK DQWLGHSUHVVDQW GUXJV KDYH JUHDWO\ LPSURYHG WKH
RXWFRPHRIGHSUHVVLRQDFRQVLGHUDEOHSURSRUWLRQRISDWLHQWV VKRZRQO\D
SDUWLDORUQRUHVSRQVH
$ QHZ LVRIRUP RI WU\SWRSKDQ K\GUR[\ODVH 73+ UHVSRQVLEOH IRU WKH
ELRV\QWKHVLV RI EUDLQ VHURWRQLQ ZDV UHFHQWO\ GLVFRYHUHG$ VLQJOHQXFOH
RWLGHSRO\PRUSKLVPRI73+ZLWKGLIIHUHQWGLVWULEXWLRQLQ&%/-DQG
'%$-PLFH FDXVHV DPDUNHG UHGXFWLRQ RI EUDLQ VHURWRQLQ V\QWKHVLV LQ
'%$-PLFH
:HVWXGLHGVWUDLQGLIIHUHQFHVLQWKHHIIHFWRIFLWDORSUDPDVHOHFWLYHVHURW
RQLQUHXSWDNHLQKLELWRU665,LQWKHIRUFHGVZLPPLQJWHVW)67DZLGHO\
XVHGPRGHO IRU DVVHVVLQJ DQWLGHSUHVVDQW DFWLYLW\ LQ URGHQWV  DQG EUDLQ
VHURWRQLQV\QWKHVLV
0HWKRGV0LFHZHUHSODFHGLQGLYLGXDOO\LQ3OH[LJODVF\OLQGHUVKHLJKW
FPGLDPHWHUFPFRQWDLQLQJFPRIZDWHUDWDERXW&,PPRELOLW\
ZDVWLPHGGXULQJWKHODVWPLQRIWKHPLQWHVW7KHDFFXPXODWLRQRIEUDLQ
K\GUR[\WU\SWRSKDQ +73 DIWHU LQKLELWLRQ RI LWV GHFDUER[\ODWLRQZLWK
PK\GUR[\EHQ]\OK\GUD]LQHZDVWDNHQDVDQLQGLFDWRURIVHURWRQLQV\QWKHVLV
+73ZDVPHDVXUHGE\+3/&ZLWKHOHFWURFKHPLFDOGHWHFWLRQ$W WKH
HQGRIWKHSKDUPDFRORJLFDOWHVWPLFHZHUHNLOOHGE\GHFDSLWDWLRQDQGEUDLQ
OHYHOVRIFLWDORSUDPZHUHPHDVXUHGE\+3/&ZLWK89GHWHFWLRQDFFRUGLQJ
WRSUHYLRXVSURFHGXUHV
5HVXOWV&LWDORSUDPDQGPJNJUHGXFHGLPPRELOLW\WLPHLQ&%/
-EXWKDGQRVXFKHIIHFWLQ'%$-PLFHHYHQDWIRXUWLPHVKLJKHUGRVHV
)LYH DQGPJNJ FLWDORSUDP LQKLELWHG+73DFFXPXODWLRQ DERXW 
UHGXFWLRQLQWKHEUDLQRI&%/-PLFHEXWVLJQL¿FDQWO\OHVVLQ'%$-
PLFH7U\SWRSKDQPJNJLQFUHDVHG+73DFFXPXODWLRQDQGUHLQVWDWHG
WKHDQWLGHSUHVVDQWOLNHHIIHFWRIFLWDORSUDPLQ'%$-PLFH,Q&%/-
PLFH LQKLELWLRQ RI VHURWRQLQ V\QWKHVLV ZLWK SFKORURSKHQ\ODODQLQH 
PJNJ IRU WKUHHGD\VSUHYHQWHGFLWDORSUDP¶VHIIHFW LQ WKH)671R VWUDLQ
GLIIHUHQFHVZHUHIRXQGLQFDWHFKRODPLQHV\QWKHVLVORFRPRWRUDFWLYLW\DQG
EUDLQOHYHOVRIFLWDORSUDP
&RQFOXVLRQV7KHUHVXOWVSRLQW WRWKHXWLOLW\RIVWUDLQFRPSDULVRQVIRUXQ
GHUVWDQGLQJWKHPHFKDQLVPVRIWKHUHVSRQVHWR665,VDQGSURYLGHIXQFWLRQDO
HYLGHQFH WKDW WKH JHQRW\SHGHSHQGHQW UHJXODWLRQ RI VHURWRQLQ V\QWKHVLV LV
IXQGDPHQWDOLQWKHDQWLGHSUHVVDQWOLNHHIIHFWRIFLWDORSUDP
5HIHUHQFHV
3RUVROW5'%HUWLQ$-DOIUH0$UFK,QW3KDUPDFRG\Q7KHU
/DVOH\600LFKDHOVRQ,$*UHHQODQG5'0F*LQQLV30
-&KURPDWRJU*ULJQDVFKL*,QYHUQL]]L5:)DQHOOL
()UDFDVVR&&DFFLD6 DQG6DPDQLQ5 %U -3KDUPDFRO 

32
+\SHULFXP([WUDFW:6LQ&RQWLQXDWLRQ7UHDWPHQWRI
5HFXUUHQW'HSUHVVLRQ
6LHJIULHG.DVSHU
'HSDUWPHQWRI*HQHUDO3V\FKLDWU\0HGLFDO8QLYHUVLW\9LHQQD
$XVWULD
$QJHOLND'LHQHO0HLQKDUG.LHVHU
2EMHFWLYHV8QLSRODUPDMRUGHSUHVVLRQLVDFKURQLFGLVHDVHWKDWPD\UHTXLUH
OLIHORQJSURSK\OD[LV5HFRYHU\ IURPDQ DFXWH HSLVRGH LV IROORZHGE\±
PRQWKVRIUHODSVHSUHYHQWLRQ$IWHUWKDWORQJWHUPPDLQWHQDQFHWUHDWPHQWLV
DGPLQLVWHUHGWRDYRLGUHFXUUHQFH:HLQYHVWLJDWHGWKHHI¿FDF\RI+\SHULFXP
H[WUDFW:6LQUHODSVHSUHYHQWLRQGXULQJFRQWLQXDWLRQDQGORQJWHUP
PDLQWHQDQFH WUHDWPHQW IROORZLQJ UHFRYHU\ IURP D UHFXUUHQW HSLVRGH RI
XQLSRODUGHSUHVVLRQ
0HWKRGV 2XU GRXEOHEOLQG UDQGRPL]HG SODFHERFRQWUROOHG PXOWLFHQWHU
WULDOZDVSHUIRUPHGLQDGXOWRXWSDWLHQWVVXIIHULQJIURPDUHFXUUHQWHSLVRGH
RIPLOGWRPRGHUDWHPDMRUGHSUHVVLRQ,&')RU)DQG'60,9
D+DPLOWRQ'HSUHVVLRQ5DWLQJ6FDOH+$0'WRWDOVFRUHLWHP
YHUVLRQSRLQWVDQGSUHYLRXVHSLVRGHVZLWKLQWKHODVW\HDUV$IWHU
ZHHNVRIVLQJOHEOLQGWUHDWPHQWZLWK[PJGD\:6UHVSRQGHUV
GH¿QHGE\DVFRUHRQLWHPµ,PSURYHPHQW¶RIWKH&OLQLFDO*OREDO,PSUHV
VLRQV&*,VFDOHDQG+$0'WRWDOVFRUHGHFUHDVHE\FRPSDUHGWR
EDVHOLQHZHUHUDQGRPL]HGWRZHHNVRIGRXEOHEOLQGFRQWLQXDWLRQWUHDW
PHQWZLWK  [ PJGD\:6  RU SODFHER7KH SULPDU\ RXWFRPH
PHDVXUH ZDV WKH WLPH WR UHODSVH GXULQJ FRQWLQXDWLRQ WUHDWPHQW +$0'
FOLQLFDOGLDJQRVLVRIGHSUHVVLRQRUSUHPDWXUHWUHDWPHQWWHUPLQDWLRQIRU
LQHI¿FDF\6HFRQGDU\PHDVXUHVLQFOXGHGWKH&*,DQGWKH%HFN'HSUHVVLRQ
,QYHQWRU\%',
5HVXOWV SDWLHQWVZHUH LQFOXGHG IRU DFXWH WUHDWPHQW LQ  SV\FKLDWULF
SUDFWLFHV LQ*HUPDQ\ DQG6ZHGHQ SDWLHQWV UHVSRQGHG WR DFXWH WUHDW
PHQW DQGZHUH UDQGRPL]HGZHUHHYDOXDWHGDFFRUGLQJ WR ,QWHQWLRQ WR
7UHDW ,77 DIWHU FRQWLQXDWLRQ WUHDWPHQW ,Q WKH:6  JURXS 
SDWLHQWVUHODSVHGFRPSDUHGWRLQWKHSODFHERJURXS
$YHUDJHWLPHWRUHODSVHZDVGD\VIRU:6DQGGD\V
IRUSODFHER.DSODQ0HLHUDQDO\VLVS )XUWKHUPRUHSDWLHQWVWUHDWHG
ZLWK:6VKRZHGPRUHIDYRUDEOHWLPHFRXUVHVIRU+$0'DQG%',
DQGJDYHDPRUHIDYRUDEOH&*,LPSUHVVLRQZLWKJUHDWHURYHUDOO LPSURYH
PHQWRYHUEDVHOLQHWKDQWKRVHUDQGRPL]HGWRSODFHER'XULQJFRQWLQXDWLRQ
WUHDWPHQW  SDWLHQWV LQ WKH:6  JURXS  DQG 
LQWKHSODFHERJURXSUHSRUWHGDGYHUVHHYHQWVLQFLGHQFHGHQVLWLHV
DQGHYHQWVGD\H[SRVHG,QERWKWUHDWPHQWJURXSVOHVVWKDQ
RIWKHSDWLHQWVKDGDWWULEXWDEOH$(VEOLQGDVVHVVPHQW
&RQFOXVLRQV+\SHULFXPH[WUDFW:6 VKRZHGDEHQH¿FLDO HIIHFW LQ
SUHYHQWLQJUHODSVHGXULQJFRQWLQXDWLRQWUHDWPHQWDIWHUUHFRYHU\IURPDFXWH
GHSUHVVLRQ7KHKHUEDOH[WUDFWVKRZHGH[FHOOHQWWROHUDELOLW\LQPDLQWHQDQFH
WUHDWPHQWZLWKRYHUDOODGYHUVHHYHQWUDWHVRQWKHSODFHEROHYHODQGQRDW
WULEXWDEOHVHULRXVHYHQWVLQDWRWDORISDWLHQWVH[SRVHG
039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
5HIHUHQFHV
.DVSHU 6 'LHQHO$ .LHVHU0  &RQWLQXDWLRQ DQG ORQJWHUPPDLQ
WHQDQFHWUHDWPHQWZLWK+\SHULFXPH[WUDFW:6DIWHUVXFFHVVIXODFXWH
WUHDWPHQWRIPLOGWRPRGHUDWHGHSUHVVLRQ±UDWLRQDOHDQGVWXG\GHVLJQ,QW-
0HWKRGV3V\FKLDWU5HV
32
(IILFDF\RI(VFLWDORSUDPDQG&LWDORSUDPLQ0DMRU'HSUHVVLYH
'LVRUGHU
6LHJIULHG.DVSHU
'HSDUWPHQWRI*HQHUDO3V\FKLDWU\0HGLFDO8QLYHUVLW\9LHQQD
$XVWULD
3DVFDO$XTXLHU6WpSKDQH5RELWDLO3LHUUH0LFKHO/ORUFD
%HQRvW5LYH
2EMHFWLYHV(VFLWDORSUDPLVDVHOHFWLYHVHURWRQLQUHXSWDNHLQKLELWRU665,
LQGLFDWHGIRUWKHWUHDWPHQWRIPDMRUGHSUHVVLYHHSLVRGHVSDQLFGLVRUGHUDQG
VRFLDO DQ[LHW\ GLVRUGHU (VFLWDORSUDP LV WKH WKHUDSHXWLFDOO\ DFWLYH HQDQWL
RPHU RI FLWDORSUDP ,Q WKH SUHVHQW DQDO\VLV WKH HI¿FDF\ RI HVFLWDORSUDP
YHUVXVFLWDORSUDPLQ WKH WUHDWPHQWRIPDMRUGHSUHVVLYHGLVRUGHU0''LV
FRPSDUHG
0HWKRGV$ TXDQWLWDWLYHPHWDDQDO\VLV ZDV DSSOLHG WR  SDWLHQWV HQ
UROOHGLQIRXUUDQGRPLVHGFOLQLFDOWULDOVWKHFRPSDULVRQZDVEDVHGRQPHDQ
FKDQJHIURPEDVHOLQHLQWKH0RQWJRPHU\cVEHUJ'HSUHVVLRQ5DWLQJ6FDOH
0$'56 WRWDO VFRUH DQG UHVSRQVH UDWH DW OHDVW  LPSURYHPHQW IURP
EDVHOLQH 0$'56 VFRUH DW :HHN  &RPSOHPHQWDU\ DQDO\VHV ZHUH SHU
IRUPHGRQHDUO\0$'56FKDQJHIURPEDVHOLQHZHHNLQYHU\VHYHUHO\
GHSUHVVHGSDWLHQWVEDVHOLQH0$'56WRWDOVFRUHDQGRQWKHLQÀXHQFH
RIWKHOHYHORIVHYHULW\DWEDVHOLQHRQSDWLHQWRXWFRPH
5HVXOWV&RPSDUHGZLWKFLWDORSUDPHVFLWDORSUDPWUHDWHGSDWLHQWV VKRZHG
KLJKHUUHVSRQVHUDWHVDQGLQFUHDVHGPHDQFKDQJHIURPEDVHOLQHLQ0$'56
DWZHHNVDQG7KHVXSHULRULW\RIHVFLWDORSUDPRYHUFLWDORSUDPZDVPRUH
SURQRXQFHGLQWKHYHU\VHYHUHO\GHSUHVVHGSDWLHQWVDQGLQFUHDVHGZLWKWKH
GHJUHHRIVHYHULW\RIWKHGHSUHVVLRQ7KHUREXVWQHVVRIPHWDDQDO\VLVUHVXOWV
ZDVVXSSRUWHGE\VHQVLWLYLW\DQDO\VHV
&RQFOXVLRQV (VFLWDORSUDP ZDV VKRZQ WR EH DQ HI¿FDFLRXV WKHUDSHXWLF
WUHDWPHQW IRU 0'' SUHVHQWLQJ VLJQL¿FDQW DGYDQWDJHV RYHU FLWDORSUDP
HVSHFLDOO\LQWKHVXESRSXODWLRQRIYHU\VHYHUHO\GHSUHVVHGSDWLHQWV
32
7KH,QIOXHQFHRI$QWLGHSUHVVDQWVRQ&\WRFKURPH3
0HGLDWHG&DIIHLQH0HWDEROLVP
0DUWD.RW
3ROLVK$FDGHP\RI6FLHQFHV,QVWLWXWHRI3KDUPDFRORJ\.UDNyZ
3RODQG
-DFHN:yMFLNRZVNL:ODG\VODZD$QQD'DQLHO
2EMHFWLYHV &DIIHLQH LV R[LGL]HG WR WKHREURPLQH SDUD[DQWKLQH DQG WKHR
SK\OLQHE\11DQG1GHPHWK\ODWLRQUHVSHFWLYHO\DQGWRWUL
PHWK\OXULFDFLGE\K\GUR[\ODWLRQ8VLQJF'1$H[SUHVVHGUDWF\WRFKURPH
3LVRIRUPV&<3VVSHFL¿FLQKLELWRUVDQGVHOHFWHGUDW&<3LQGXFHUV
ZHVKRZHGWKDW&<3$ZDVWKHPDLQLVRIRUPFDWDO\]LQJK\GUR[\ODWLRQ
DQG 1GHPHWK\ODWLRQ &<3$ DQG &<3&ZHUH WKHPDLQ LVRIRUPV
PHGLDWLQJ 1GHPHWK\ODWLRQ ZKLOH 1GHPHWK\ODWLRQ ZDV JRYHUQHG
PDLQO\E\WKH&<3&VXEIDPLO\7KHDLPRIWKHSUHVHQWVWXG\ZDVWRLQYHV
WLJDWHWKHHIIHFWVRIDQWLGHSUHVVDQWGUXJVRQF\WRFKURPH3DFWLYLW\LQUDW
OLYHUXVLQJFDIIHLQHDVDVXEVWUDWH
0HWKRGV7KHH[SHULPHQWZDVFDUULHGRXWRQPDOH:LVWDUUDWV7KHIROORZ
LQJDQWLGHSUHVVDQWVZHUHDGPLQLVWHUHGWZLFHDGD\IRURQHGD\RUWZRZHHNV
PJNJ LS LPLSUDPLQH  GHVLSUDPLQH  DPLWULSW\OLQH  FORPL
SUDPLQHQHID]RGRQHÀXR[HWLQHVHUWUDOLQHPLUWD]DSLQH
7KHDFWLYLW\RIF\WRFKURPH3ZDVHVWLPDWHGE\PHDVXULQJ WKHUDWHRI
WKHDERYHPHQWLRQHGPHWDEROLFSDWKZD\VRIFDIIHLQH LQ OLYHUPLFURVRPHV
7KHDPRXQWRIFDIIHLQHPHWDEROLWHVIRUPHGLQYLWURZDVDVVD\HGXVLQJWKH
+3/&PHWKRG
5HVXOWV2IWKHWULF\FOLFDQWLGHSUHVVDQWVRQO\LPLSUDPLQHDQGDPLWULSW\OLQH
JLYHQLQDVLQJOHGRVHGHFUHDVHGWKHUDWHRIFDIIHLQHPHWDEROLVPVXFKDQHI
IHFWZDVQRWREVHUYHGDIWHUFKURQLFWUHDWPHQW2QHGD\WUHDWPHQWZLWKÀXR[
HWLQHDFFHOHUDWHG WKHPHWDEROLVPRIFDIIHLQHZKLOHQHID]RGRQHVWLPXODWHG
1GHPHWK\ODWLRQRQO\)OXR[HWLQHJLYHQFKURQLFDOO\LQFUHDVHGH[FOXVLYHO\
1GHPHWK\ODWLRQZKLOHVHUWUDOLQHDQGPLUWD]DSLQHHQKDQFHGWKHUDWHVRI
DOOWKHFDIIHLQHR[LGDWLRQSDWKZD\V
&RQFOXVLRQV 7KH REWDLQHG UHVXOWV LQGLFDWH WKDW FKURQLF WUHDWPHQW ZLWK
VHUWUDOLQHDQGPLUWD]DSLQHLQGXFHVWKHDFWLYLW\RI&<3$DQG&<3&ZKLOH
ÀXR[HWLQHDFWLYDWHV&<3&RQO\6LQFH&<3$DQG&<3&DUHUHVSRQVL
EOHIRUWKHPHWDEROLVPRIERWKHQGRJHQRXVVXEVWDQFHVVWHURLGVDQGFOLQL
FDOO\LPSRUWDQWGUXJVWKHREVHUYHGHIIHFWVRIWKHDQWLGHSUHVVDQWVH[DPLQHG
PD\EHRISK\VLRORJLFDODQGSKDUPDFRORJLFDOVLJQL¿FDQFH
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$GGRQ4XHWLDSLQHIRU%LSRODU'HSUHVVLRQ7ZHOYH0RQWKV
2SHQ/DEHO3URVSHFWLYH7ULDO
5RXPHQ0LOHY
4XHHQ¶V8QLYHUVLW\.LQJVWRQ2QWDULR&DQDGD
*$EUDKDP
2EMHFWLYHV %LSRODU 'LVRUGHU LV D GLVDEOLQJ DQG RIWHQ FKURQLF FRQGLWLRQ
:KLOH DW OHDVW RQH WKLUG RI WKH WLPH SDWLHQWV DUH GHSUHVVHG WKH\ GR QRW
DOZD\V UHVSRQG ZHOO WR FRQYHQWLRQDO PRRG VWDELOL]HUV$WWHPSWV WR WUHDW
WKHPZLWK DQWLGHSUHVVDQWV FDQ SURYRNH D VZLWFK WRPDQLD RU LQFUHDVH WKH
F\FOLQJ SDWWHUQ:LWK LQFUHDVLQJ QXPEHU RI UHSRUWV VXJJHVWLQJ WKDW DW\SL
FDO DQWLSV\FKRWLFVPD\RIIHU WKHUDSHXWLF EHQH¿WV WKLV VWXG\ H[DPLQHV WKH
ORQJWHUPUROHRI4XHWLDSLQHDGGHGRQWKHXVXDOWUHDWPHQWLQSDWLHQWVZLWK
%LSRODU'HSUHVVLRQ
0HWKRGV$QRSHQ ODEHO WULDO WRDVVHVV WKH ORQJWHUPUHVSRQVHRISDWLHQWV
ZLWKELSRODUGHSUHVVLRQWR4XHWLDSLQHDGGHGWRWKHLUXVXDOWUHDWPHQW,QFOX
VLRQFULWHULDZHUH%LSRODU'LVRUGHUW\SHRUDVGH¿QHGE\'60,9DJH
RYHUFXUUHQWO\GHSUHVVHG+$0'!QRFKDQJHRIDQWLGHSUHVVDQWV
IRUDWOHDVWZHHNV4XHWLDSLQHZDVDGGHGRSHQODEHODQGWKHGRVHDWWHPSWHG
WRUHDFKDWOHDVWPJSHUGD\EXWORZHUGRVHVZHUHDOORZHGLIFOLQLFDOO\
DSSURSULDWH2XWFRPHPHDVXUHVZHUH+$0'<056&*,DQG$,06DW
EDVHDQGWKHQPRQWKO\IRUWZHOYHPRQWKV
5HVXOWV1LQHWHHQSDWLHQWVZHUHHQUROOHGLQ WKLVVWXG\PDOHVDQGIH
PDOHV6HYHQSDWLHQWVFRPSOHWHGWKHIXOOWZHOYHPRQWKV'DWDIRUSDWLHQWV
/DVW2EVHUYDWLRQ&DUULHG)RUZDUG/2&) DW WZHOYHPRQWKV+$0'
UHGXFHG IURP  WR  DQG &*, IURP  WR  2QO\ WZR SDWLHQWV
GLVFRQWLQXHGGXHWRVLGHHIIHFWV
&RQFOXVLRQV4XHWLDSLQHVHHPVWREHHIIHFWLYHDQGZHOOWROHUDWHGLQSDWLHQWV
ZLWK%LSRODU'HSUHVVLRQZKHQDGGHG WR WKHLUXVXDO WUHDWPHQW DQGFDQEH
FRQVLGHUHGDVDYLDEOHRSWLRQ
5HIHUHQFHV
-XGG//$NLVNDO+66FKHWWOHU3-HWDO7KHORQJWHUPQDWXUDOKLVWRU\
RIWKHZHHNO\V\PSWRPDWLFVWDWXVRIELSRODU,GLVRUGHU$UFKLYHVRI*HQHUDO
3V\FKLDWU\
6DMDWRYLF00XOOHQ-$6ZHLW]HU'((I¿FDF\RITXHWLDSLQHDQGULVS
HULGRQHDJDLQVWGHSUHVVLYHV\PSWRPVLQRXWSDWLHQWVZLWKSV\FKRVLV-RXUQDO
RI&OLQLFDO3V\FKLDWU\
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3RVW0DUNHWLQJ6XUYHLOODQFHRI(VFLWDORSUDPLQ'HSUHVVHG
2XWSDWLHQWV
+DQV-UJHQ0|OOHU
3V\FKLDWULF'HSDUWPHQW0XQLFK8QLYHUVLW\*HUPDQ\
.HUVWLQ/RW]H6WHIDQ/DQJHU
2EMHFWLYHV7KHREMHFWLYHRIWKHFXUUHQWVWXG\ZDVWRHYDOXDWHWKHHI¿FDF\
DQG WROHUDELOLW\ RI HVFLWDORSUDP LQ WKH WUHDWPHQW RI GHSUHVVHG RXWSDWLHQWV
XQGHUQDWXUDOLVWLFFRQGLWLRQV
0HWKRGV,QWKLVRSHQODEHOSRVWPDUNHWLQJVXUYHLOODQFHVWXG\LQ*HUPDQ\
$QZHQGXQJVEHREDFKWXQJSDWLHQWVZHUHWUHDWHGZLWKHVFLWDORSUDPDFFRUG
LQJWRWKH6P3&DQGZHUHREVHUYHGDW WKHVWDUWRIWUHDWPHQWEDVHOLQHDW
WKHHQGRIWKHVHFRQGDQGZHHNVRIWUHDWPHQW7KHPDLQHI¿FDF\PHDVXUHV
ZHUHWKH&OLQLFDO*OREDO,PSUHVVLRQ6HYHULW\&*,6VFDOHDQGWKH0RQW
JRPHU\cVEHUJ'HSUHVVLRQ5DWLQJ6FDOH0$'56
5HVXOWV$WRWDORISDWLHQWVZHUHLQFOXGHGRIZKRPFRPSOHWHG
WKHZHHN WUHDWPHQWSHULRG7KHPDMRULW\RISDWLHQWVZHUHPRGHUDWHO\ WR
PDUNHGO\ LOOEDVHGRQ WKHLUEDVHOLQH&*,6 PHDQDQG0$'56 WRWDO
PHDQVFRUHV$WEDVHOLQHRIWKHSDWLHQWVVWDUWHGZLWKDGDLO\
039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
GRVHRIPJZLWKPJ$WZHHNRIWKHSDWLHQWVZHUHRQ
DGRVHRIPJDQGRQPJGD\HVFLWDORSUDP'XULQJWKHFRXUVH
RIWKHVWXG\WKHSDWLHQWVVKRZHGDFOHDULPSURYHPHQWLQWKHLUJHQHUDOVHYHU
LW\RILOOQHVVDVZHOODVWKHLUVHYHULW\RIGHSUHVVLRQZLWKVFRUHVRIDQG
RQ&*,6DQG0$'56UHVSHFWLYHO\/2&)5HVSRQVH0$'56WRWDO
VFRUHGHFUHDVHGE\DWOHDVWZDVUHDFKHGE\RISDWLHQWVUHPLV
VLRQ0$'56WRWDOVFRUHE\RISDWLHQWVDWZHHN$VXEJURXS
DQDO\VLVEDVHGRQVH[RUDJHDERYHRUEHORZ\HDUVVKRZHGDJRRGWKHUD
SHXWLFHIIHFWLQDOOVXEJURXSV7KHPRVWIUHTXHQWDGYHUVHUHDFWLRQVUHSRUWHG
ZHUHQDXVHDDQ[LHW\DQGGL]]LQHVV
&RQFOXVLRQV7KHUHVXOWVRIWKLVRSHQODEHOVWXG\ZLWKDYHU\KLJKVDPSOH
VL]HFRQ¿UPXQGHUQDWXUDOLVWLFFRQGLWLRQVWKHWKHUDSHXWLFHI¿FDF\DQGJRRG
WROHUDELOLW\RIHVFLWDORSUDPLQWKHWUHDWPHQWRIGHSUHVVLRQ
32
(WK\O(LFRVDSHQWDHQRDWHIRU'HSUHVVLRQZLWK0HODQFKROLF
)HDWXUHV
+DUDOG0XUFN
$PDULQ1HXURVFLHQFH/WG8.
0HKDU0DQNX.DUHQ0F*UHJRU0*ULQJUDV*HRUJH%HDXPRQW
2EMHFWLYHV 3UHOLPLQDU\ GDWD VXJJHVW WKDW (WK\OHLFRVDSHQWDHQRDWH ((
KDVEHQH¿FLDOHIIHFWVLQPRRGGLVRUGHUV
0HWKRGV:HQRZUHSRUWWKHRXWFRPHRIWZRUDQGRPL]HGSODFHERFRQWUROOHG
WULDOV,Q7ULDO((ZDVXVHGDVDQDGGRQWKHUDS\IRUSDWLHQWZLWKDPD
MRUGHSUHVVLYHHSLVRGH0'(XQUHVSRQVLYHWRWKHLUVWDQGDUGWKHUDS\$WRWDO
RISDWLHQWVZKRKDGIDLOHGWRUHVSRQGWRDWOHDVWRQHDQWLGHSUHVVDQWZHUH
UDQGRPLVHGWRUHFHLYHJG((RUSODFHERIRUZHHNV,QWULDO((
ZDVXVHGDVPRQRWKHUDS\LQSDWLHQWVZLWKDQHZHSLVRGHRIGHSUHVVLRQ
LQ D ZHHN WULDO$SDUW IURP WKH SULPDU\ SODFHERDFWLYH FRPSDULVRQ WKH
SUHGLFWLYHYDOXHRIWKHH[SUHVVHGSUHVHQFHRIPHODQFKROLFYHJHWDWLYHVLJQV
0HO9HJHDUO\PRUQLQJDZDNHQLQJDSSHWLWHRUZHLJKWORVVDVGH¿QHGE\
DVFRUHRIRQLWHPVDQGRIWKH+DPLOWRQ'HSUHVVLRQ5DWLQJ6FDOH
+'56EDVHOLQHDQGWKUHHGLIIHUHQWGRVHVRI((JGD\JGD\JGD\
ZHUHH[SORUHG:HXVHGWKH+'56DQGWKH%HFK6XEVDOH+'56VFDOHRI
WKH+'56ZKLFKGH¿QHVFRUHIHDWXUHVRIGHSUHVVLRQ
5HVXOWV&RQVLVWHQWO\LQERWKWULDOV((ZDVVXSHULRUWRSODFHERLQSDWLHQWV
ZLWK0HO9HJ$ UHSHDWHGPHDVXUHPHQW GHVLJQ UHYHDOHG D VLJQL¿FDQW VX
SHULRULW\RI((RQWKH WRWDO+'56LQ WULDODQGRI WKH%HFK6XEVFDOH LQ
WULDO ERWK S7KHHIIHFW VL]H LQ WKHRYHUDOOSRSXODWLRQZDV OHVV
SURQRXQFHG
&RQFOXVLRQV&OLQLFDOGLIIHUHQWLDWLRQRISDWLHQWVZLWKGHSUHVVLRQPD\GH¿QH
ELRORJLFDOVXEJURXSVZLWKGLIIHUHQWLDOSKDUPDFRORJLFDOUHVSRQVH((FRQ
VLVWHQWO\VKRZVEHQH¿WVLQSDWLHQWVZLWKPHODQFKROLFYHJHWDWLYHVLJQV
5HIHUHQFHV
0XUFN+6RQJ&+RUURELQ')DQG8KU0(WK\OHLFRVDSHQWDHQRDWH
DQGGH[DPHWKDVRQHUHVLVWDQFHLQ WKHUDS\UHIUDFWRU\GHSUHVVLRQ,QW-1HX
URSV\FKRSKDUPDFRO
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*SURWHLQVF$036LJQDOLQJ/LSLG5DIWVDQG$QWLGHSUHVVDQW
$FWLRQ
0DUN05DVHQLFN
'HSDUWPHQWRI3K\VLRORJ\DQG%LRSK\VLFVDQG'HSDUWPHQWRI
3V\FKLDWU\8,OOLQRLV&KLFDJR86$
5REHUW-'RQDWL5RE\Q+DOYRUVHQ-LDQJ=KRX<X-RKQ$OOHQ
%ULDQ7/D\GHQ
%RWK LQYLYR UDW DQG LQYLWUR & UDWJOLRPDFHOOV VWXGLHVGHPRQVWUDWHG
WKDW DIWHU FKURQLF DQWLGHSUHVVDQW WUHDWPHQW WKH * SURWHLQ *VĮ PLJUDWHV
IURP D OLSLG UDIW IUDFWLRQZKHUH LW LV FORVHO\ DVVRFLDWHGZLWK F\WRVNHOHWDO
FRPSRQHQWV LQWR DPRUH ³VROXEOH´ FRPSRQHQW RI WKHPHPEUDQHZKHUH LW
HIIHFWV D IDFLOH DFWLYDWLRQ RI DGHQ\O\O F\FODVH $ YDULHW\ RI VWUXFWXUDOO\
GLVVLPLODUFRPSRXQGVKDGWKLVHIIHFW&XUUHQWVWXGLHVKDYHIRFXVHGRQH[
DPLQLQJWKHSRVVLELOLW\WKDWWKHDVVRFLDWLRQEHWZHHQ*VĮDQGWXEXOLQDWWKH
PHPEUDQHLVDOWHUHGLQUHVSRQVHWRDQWLGHSUHVVDQWWUHDWPHQWDQGWKDWWKLVLV
UHOHYDQW WRERWK*VĮUHGLVWULEXWLRQDQGWKHLQFUHDVHGFRXSOLQJWRDGHQ\O\O
F\FODVHVHHQDIWHUFKURQLFDQWLGHSUHVVDQWWUHDWPHQW*VĮKDVEHHQLPDJHGLQ
OLYLQJFHOOVXVLQJDQLQWHUQDOVHTXHQFH*)3±*VĮIXVLRQSURWHLQDQGLPDJ
LQJRIFHOOVGXULQJWKHFRXUVHRIH[SRVXUHWRDQWLGHSUHVVDQWVUHYHDOVPRELOL
]DWLRQRI*VĮRXWRIOLSLGUDIWVLQWRGRPDLQVZKHUHWKLV*SURWHLQDXJPHQWV
WKHDFWLYDWLRQRIDGHQ\O\OF\FODVH:HK\SRWKHVL]H WKDW WKH UHJLRQRI*VĮ
WKDW LQWHUDFWVZLWKDGHQ\O\OF\FODVHDQG WXEXOLQDUH WKHVDPH$VWUXFWXUDO
DQDO\VLV RI WKH LQWHUDFWLYH GRPDLQV LV FRQVLVWHQWZLWK WKLV K\SRWKHVLV DQG
VHOHFWHGPXWDWLRQV LQ*VĮFDQHOLPLQDWH WKH LQÀXHQFHRI WXEXOLQRQ*VĮ 
7KHVHGDWD VXJJHVW WKDW DQWLGHSUHVVDQWLQGXFHGFKDQJHV LQ WKHDVVRFLDWLRQ
RI*VĮZLWK WKHSODVPDPHPEUDQHDQGZLWKDGHQ\O\OF\FODVH LVGXH WRDQ
DOWHUDWLRQLQLWVDVVRFLDWLRQZLWKWXEXOLQDQGWKDW*VĮSDUWLWLRQLQJLVDWDUJHW
RIDQWLGHSUHVVDQWDFWLRQ7KHVXVWDLQHGLQFUHDVHLQFDPSVLJQDOLQJUHVXOWLQJ
IURPWKLVSKHQRPHQRQPD\H[SODLQWURSKLFHIIHFWVRIDQWLGHSUHVVDQWWKHUDS\
DQGVXJJHVWQHZPROHFXODUWDUJHWVIRUSXWDWLYHDQWLGHSUHVVDQWGUXJV
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(VFLWDORSUDP(IILFDF\LQ'HSUHVVHG3DWLHQWVZLWK&RPRUELG
$Q[LHW\
-HDQ3LHUUH2OLp
6HUYLFH+RVSLWDOR8QLYHUVLWDLUHGH6DQWp0HQWDOHHWGH7KpUDSHX
WLTXH3DULV)UDQFH
)UDQoRLV0pQDUG$QGUp*DOLQRZVNL%ULJLWWH7RQQRLU
2EMHFWLYHV7KLVZDVDQRSHQPXOWLFHQWUHSURVSHFWLYHVWXG\WRDVVHVVWKHHI
¿FDF\DQGWROHUDELOLW\RIHVFLWDORSUDPLQGHSUHVVHGSDWLHQWVZLWKRUZLWKRXW
FRPRUELGDQ[LHW\
0HWKRGV(VFLWDORSUDPZDVDGPLQLVWHUHGRYHUDZHHNWUHDWPHQWSHULRG
LQGHSUHVVHGSDWLHQWVLQFOXGLQJZLWKDWOHDVWRQHFRQFRPLWDQWDQ[L
HW\GLVRUGHU
5HVXOWV$WRWDORISDWLHQWVFRPSOHWHGWKHVWXG\$WEDVHOLQHWKHPHDQ
0RQWJRPHU\cVEHUJ 'HSUHVVLRQ 5DWLQJ 6FDOH 0$'56 WRWDO VFRUH ZDV
LQFUHDVLQJDVWKH+$0$WRWDOVFRUHLQFUHDVHGDQGGHFUHDVHGWR
REVHUYHGFDVHV >2&@ > ODVWREVHUYDWLRQFDUULHG IRUZDUG >/2&)@DW
HQGSRLQW 7KHPHDQ+$0$ WRWDO VFRUH DW EDVHOLQH ZDV  ZKLFK GH
FUHDVHG WR 2& > /2&)@DW HQGSRLQW7KH WKHUDSHXWLFHIIHFWRQ
DQ[LHW\V\PSWRPVDVVHVVHGE\+$0$ZDVVOLJKWO\LQFUHDVHGZKLOHWKH
WKHUDSHXWLFHIIHFWRQGHSUHVVLYHV\PSWRPVDVVHVVHGE\WKH0$'56ZDV
VOLJKWO\UHGXFHGZKHQDWOHDVWRQHFRPRUELGDQ[LHW\GLVRUGHUZDVSUHVHQW
7KH +$0$ VFRUH GHFUHDVHG E\  SRLQWV LQ SDWLHQWV ZLWK QR DQ[LHW\
GLVRUGHU DQGE\SRLQWV LQSDWLHQWVZLWKDW OHDVWRQHDQ[LHW\GLVRUGHU
)RUWKHVDPHVXEJURXSVWKHGHFUHDVHLQWKH0$'56VFRUHZDVDQG
UHVSHFWLYHO\SDWLHQWVKDGDGYHUVHHYHQWV7KHPRVWIUHTXHQW
DGYHUVHHYHQWVZHUHQDXVHDLQSDWLHQWVDQGKHDGDFKHLQSDWLHQWV
SDWLHQWVGLVFRQWLQXHGGXHWRDGYHUVHHYHQWV
&RQFOXVLRQV(VFLWDORSUDPZDVZHOO WROHUDWHGDQGHI¿FDFLRXV LQ UHGXFLQJ
V\PSWRPVRIGHSUHVVLRQLQSDWLHQWVZLWKRUZLWKRXWFRPRUELGDQ[LHW\RYHU
WKHZHHNWUHDWPHQWSHULRG
32
0RQWK2SHQ/DEHO6WXG\RI5LVSHULGRQHLQ$IIHFWLYH
3V\FKRVLV
-RVp$QWRQLR%XURQ
0HGLFDO'HSDUWPHQW-DQVVHQ&LODJ0DGULG6SDLQ
(GXDU9LHWD$OIRQVR5RGUtJXH]$OH[DQGHU5RGUtJXH]0RUDOHV
*XDGDOXSH0DUWtQH]
2EMHFWLYHV7RDVVHVVWKHORQJWHUPHIIHFWLYHQHVVDQGWROHUDELOLW\RIULVSHUL
GRQHLQSDWLHQWVZLWKDIIHFWLYHSV\FKRVLVZKLFKH[SHULHQFHGGHSUHVVLYHRU
PL[HGV\PSWRPV
0HWKRGVDIIHFWLYHDQGSV\FKRWLFSDWLHQWVVFKL]RDIIHFWLYHDQG
ELSRODUZHUHLQFOXGHGLQWKHVWXG\DQGUHFHLYHGRSHQODEHOULVSHUL
GRQHIRUXSWRPRQWKV3DWLHQWVUHFHLYHGFRQFRPLWDQWPHGLFDWLRQPRRG
VWDELOL]HUVDQGRUDQWLGHSUHVVDQWVGXULQJWKHVWXG\SHULRGIROORZLQJWKHLQ
YHVWLJDWRUV¶FOLQLFDOFULWHULD7KHREMHFWLYHRIWKLVSRVWHULVWRSUHVHQWWKHGDWD
RIDQGSDWLHQWVWKDWIXO¿OOHGFULWHULDIRUGHSUHVVLYH
RUPL[HGHSLVRGHSV\FKLDWULVWGLDJQRVLVSOXV+DPLOWRQ'HSUHVVLRQ5DWLQJ
6FDOH+$0'VFRUH!UHVSHFWLYHO\DWWKHVWXG\HQWU\<056%356
&*,(($*DQG(XUR4R/VFRUHVZHUHDOVRDVVHVVHGDWEDVHOLQHDQGDIWHU
DQGPRQWKV:LOFR[RQ¶VDQG)ULHGPDQ¶VWHVWVZHUHDSSOLHG
5HVXOWV +$0' VFRUHV LQ GHSUHVVLYH SDWLHQWV 1  LPSURYHG IURP
6'DWEDVHOLQHWR6'DWPRQWK+$0'VFRUHV
039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
LQPL[HGSDWLHQWV 1 ZHUH 6' DWEDVHOLQHDQG 6'
DW WKHHQG7KHUHZHUHDOVR LPSURYHPHQWV LQPDQLD <056VFRUHV
LQPL[HGSDWLHQWV6'DWEDVHOLQHWR6'DWPRQWK
'HSUHVVLYHSOXVPL[HGSDWLHQWV¶Q IXQFWLRQDOLW\DFFRUGLQJWRUDW
LQJVRQWKH(($*VFDOHLPSURYHGIURPEDVHOLQH6'WR
6'DWPRQWK5LVSHULGRQHPHDQGRVH LQGHSUHVVLYHDQGPL[HG
SDWLHQWVDWPRQWKZDV6'DQG6'UHVSHFWLYHO\
SDWLHQWVZHUHDV\PSWRPDWLF+$0'UHPLVVLRQFULWHULDVFRUH
EHORZ  DW VWXG\ HQWU\  PRQWK  DQG  PRQWK  UHPDLQHG
LQ UHPLVVLRQ+$0'UHPLVVLRQFULWHULD5LVSHULGRQHZDVZHOO WROHUDWHG
2QO\SDWLHQWVQHHGHGKRVSLWDOL]DWLRQRYHUPRQWKV
&RQFOXVLRQV,QWKHORQJHVWIROORZXSVWXG\WRGDWHIRUULVSHULGRQHLQDIIHF
WLYHSV\FKRWLFSDWLHQWVWKHUHZHUHVLJQL¿FDQWLPSURYHPHQWVLQSDWLHQWVWKDW
H[SHULHQFHGGHSUHVVLYHRUPL[HGV\PSWRPV
5HIHUHQFHV
9LHWD ( HW DO 6HJXULGDG WROHUDELOLGDG \ FDOLGDG GH YLGD DVRFLDGDV DO
WUDWDPLHQWR D ODUJRV SOD]R FRQ ULVSHULGRQD GH ODV SVLFRVLV DIHFWLYDV HQ
SDFLHQWHV DPEXODWRULRV 9,, &RQJUHVR 1DFLRQDO GH SVLTXLDWUtD 3DOPD GH
0DOORUFDRFWXEUH
32
)XQFWLRQLQJDQG4R/GXULQJ/RQJ$FWLQJ5LVSHULGRQH
7UHDWPHQW
-RVp$QWRQLR%XURQ
-DQVVHQ0HGLFDO$IIDLUV//&86$
5REHUW/DVVHU6WHSKHQ5RGULJXH]-XOLH/RFNOHDU,EUDKLP7XUNR]
*HRUJHV*KDUDEDZL
2EMHFWLYHV7KLVDQDO\VLVH[DPLQHGIXQFWLRQLQJDQGTXDOLW\RI OLIH 4R/
GXULQJ PDLQWHQDQFH WKHUDS\ ZLWK ORQJDFWLQJ LQMHFWDEOH ULVSHULGRQH LQ
SUHYLRXVO\V\PSWRPDWLFDOO\VWDEOHSDWLHQWVZLWKVFKL]RSKUHQLDRUVFKL]RDI
IHFWLYHGLVRUGHU
0HWKRGV3DWLHQWVZHUHUDQGRPL]HGWRORQJDFWLQJULVSHULGRQHRUPJ
HYHU\ZHHNVLQDZHHNUDQGRPL]HGGRXEOHEOLQGPXOWLFHQWHUVWXG\
)XQFWLRQLQJDQG4R/ZHUHDVVHVVHGXVLQJWKH3HUVRQDODQG6RFLDO3HUIRUP
DQFH6FDOH363WKH6WUDXVV&DUSHQWHU/HYHORI)XQFWLRQLQJ6FDOH/2)
DQGWKH6FKL]RSKUHQLD4XDOLW\RI/LIH6FDOH64/6
5HVXOWV 2I  VWDEOH SDWLHQWV   FRPSOHWHG WKH VWXG\ 7KH
PHDQ6' 363 VFRUH LPSURYHG VLJQL¿FDQWO\ IURP EDVHOLQH WR HQGSRLQW
 WR  3  3DWLHQWVZKR FRPSOHWHG WKH VWXG\ LP
SURYHGWRDJUHDWHUGHJUHH3YVEDVHOLQH/2)EDVHOLQH
WRHQGSRLQWDVVHVVPHQWVLQGLFDWHGPRUHSDWLHQWVKDYLQJDJUHDWHUIUHTXHQF\
RI VRFLDO FRQWDFWV  LQFUHDVHG TXDOLW\ RI UHODWLRQVKLSV 
JUHDWHUIXOOQHVVRIOLIHDQGEHWWHURYHUDOOOHYHORIIXQFWLRQ
/2)LPSURYHPHQWVZHUHJUHDWHUIRUSDWLHQWVZKRFRPSOHWHGWKHVWXG\7KH
64/6 LQGLFDWHG 4R/ ZDV PDLQWDLQHG ZLWK VRPH QRQVLJQL¿FDQW WUHQGV
WRZDUGLPSURYHPHQW
&RQFOXVLRQV2QH\HDUPDLQWHQDQFHWUHDWPHQWZLWKORQJDFWLQJULVSHULGRQH
LPSURYHG IXQFWLRQLQJ DQGPDLQWDLQHG4R/ LQ VWDEOH SDWLHQWVZLWK VFKL]R
SKUHQLDRUVFKL]RDIIHFWLYHGLVRUGHU
5HIHUHQFHV
0RURVLQL3/0DJOLDQR/%UDPELOOD/8JROLQL63LROL5'HYHORSPHQW
UHOLDELOLW\DQGDFFHSWDELOLW\RIDQHZYHUVLRQRIWKH'60,96RFLDODQG2F
FXSDWLRQDO)XQFWLRQLQJ$VVHVVPHQW6FDOH62)$6WRDVVHVVURXWLQHVRFLDO
IXQFWLRQLQJ$FWD3V\FKLDWU6FDQG±
1DVUDOODK+$'XFKHVQH ,0HKQHUW$ -DQDJDS&(HUGHNHQV0+HDOWK
UHODWHGTXDOLW\RIOLIHLQSDWLHQWVZLWKVFKL]RSKUHQLDGXULQJWUHDWPHQWZLWK
ORQJDFWLQJLQMHFWDEOHULVSHULGRQH-&OLQ3V\FKLDWU\±
(UUDWXPLQ-&OLQ3V\FKLDWU\
32
3RVWHU6HVVLRQ1R
32
(IILFDF\RISDUR[HWLQH6HUR[DWLQWKH7UHDWPHQWRI3RVW
7UDXPDWLF6WUHVV'LVRUGHU
$OPD%UDYR0HKPHGEDãLF
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\0HGLFDO&HQWHU6DUDMHYR
%RVQLDDQG+HU]HJRYLQD
$EGXODK.XFXNDOLF'XEUDYND6DOFLF'L]GDUHYLF
$OPD'åXEXU.XOHQRYLF/HMOD&DNRYLF
2EMHFWLYHV7RGHWHUPLQHWKHHI¿FDF\RISDUR[HWLQH6HUR[DWLQWKHWUHDW
PHQWRI3RVW7UDXPDWLF6WUHVV'LVRUGHU
0HWKRGV7KH VDPSOHFRQVLVWHGRISDWLHQWVZLWK V\PSWRPVRI FKURQLF
3RVW7UDXPDWLF 6WUHVV'LVRUGHU$OO VXEMHFWV UHFHLYHG WUHDWPHQWZLWK SDU
R[HWLQHLQWKHUDSHXWLFGRVHUDQJHLQWKHSHULRGRIVL[PRQWKV$OOVXEMHFWV
ZHUHDVVHVVHGSULRUWRWKHUDS\DQGIROORZLQJVL[PRQWKVRIWUHDWPHQWZLWK
SDUR[HWLQHZLWKWKHXVHRIIROORZLQJLQVWUXPHQWV6&/5IRUUHJLVWUDWLRQ
RI SV\FKRORJLFDO V\PSWRPV0LVVLVVLSSL4XHVWLRQQDLUH IRU 376' DQG WKH
TXHVWLRQQDLUHIRUUHJLVWUDWLRQRIHI¿FDF\RIWKHSDUR[HWLQHWUHDWPHQW
5HVXOWV7KH UHVXOWV LQGLFDWH VWDWLVWLFDOO\ VLJQL¿FDQW UHGXFWLRQ RQ DOO VXE
VFDOHVRI6&/5IROORZLQJVL[PRQWKVRIWUHDWPHQWZLWKSDUR[HWLQH3
7KHGLIIHUHQFHEHWZHHQ WZRDVVHVVPHQWVZLWK0LVVLVVLSSL4XHVWLRQ
QDLUH IRU 376' ZDV VWDWLVWLFDOO\ VLJQL¿FDQW 3  376' UDWH LQ RXU
VDPSOHZDV UHGXFHG IURP SULRU WR WUHDWPHQW WR  VXEVHTXHQW WR
WUHDWPHQWZLWKSDUR[HWLQH3DUR[HWLQHZDVDGPLQLVWHUHGLQGDLO\GRVLVRI
PJLQRIWKHVXEMHFWVDQGLQWKHGDLO\GRVLVRIPJLQWKHUHPDLQLQJ
RIWKHVXEMHFWV8QZDQWHGHIIHFWVZHUHUHJLVWHUHGLQRIWKHVXE
MHFWVDQGWKH\ZHUHRIPLOGLQWHQLVW\7KHUHPDLQLQJRIWKHVXEMHFWV
UHSRUWHG QR XQZDQWHG HIIHFWV 2EMHFWLYH LPSURYHPHQW ZDV UHJLVWHUHG LQ
RIWKHVDPSOHDQGVXEMHFWLYHLPSURYHPHQWZDVUHJLVWHUHGLQRI
WKHVXEMHFWV5HGXFWLRQRIUHODSVHV\PSWRPVZDVUHJLVWHUHGLQRIWKH
VXEMHFWV
&RQFOXVLRQV3DUR[HWLQH6HUR[DWSURYHGWREHYHU\HI¿FLHQWLQWUHDWPHQW
RIV\PSWRPVRI3RVW7UDXPDWLF6WUHVV'LVRUGHUIRUWKHVXEMHFWVLQWKLVVWXG\
3DUR[HWLQH LV HI¿FDFLRXV ZHOO WROHUDWHG DQG VDIH SV\FKRSKDUPDFRORJLFDO
DJHQWIRUWKHWUHDWPHQWRI376'
.H\ZRUGV3DUR[HWLQH3RVW7UDXPDWLF6WUHVV'LVRUGHU
5HIHUHQFHV
0DUVKDOO5'6FKQHLHU)5)DOORQ%$.QLJKW&%$EEDWH/$*RHW]'
$QRSHQWULDORISDUR[HWLQHLQSDWLHQWVZLWKQRQFRPEDWUHODWHGFKURQLFSRVW
WUDXPDWLFVWUHVVGLVRUGHU-&OLQ3V\FKRSKDUPDFRO
 0RQWJRPHU\ 6 7KH VHOHVWLYH VHURWRQLQ UHXSWDNH LQKLELWRUV &OLQLFDO
1HXURSKDUPDFRORJ\6XSSO$$$
6RXWKZLFN60.U\VWDO-+%UHPQHU-'HWDO1RUDGUHQHUJLFDQGVHURWRQ
HUJLFIXQFWLRQLQSRVWWUDXPDWLFVWUHVVGLVRUGHU$UFK*HQ3V\FKLDWU\

32
*HQGHU'LIIHUHQFHVLQ$QWLGHSUHVVDQW,QGXFHG6H[XDO
'\VIXQFWLRQ
(YD&HãNRYi
'HSDUWPHQWRI3V\FKLDWU\0DVDU\N8QLYHUVLW\%UQR&]HFK
5HSXEOLF
$OH[DQGUDäRXUNRYi0LURVODY5REHã7RPiã.DãSiUHN
2EMHFWLYHV 'DWD FRQFHUQLQJ WKH RFFXUUHQFH RI DQWLGHSUHVVDQWLQGXFHG
VH[XDOG\VIXQFWLRQLQPHQDQGZRPHQDUHVFDUFHDQGLQFRQVLVWHQW7KHDLP
RIWKHVWXG\ZDVWRH[SORUHWKHRFFXUUHQFHRIVH[XDOG\VIXQFWLRQLQPDOHDQG
IHPDOHSDWLHQWVXVLQJORQJWHUPWUHDWPHQWZLWKSDUR[HWLQH
0HWKRGV7KHVWXG\ZDVRSHQFURVVVHFWLRQDO6H[XDOO\DFWLYHRXWSDWLHQWV
WUHDWHG LQ D ORQJ WHUPZLWKSDUR[HWLQH LQPRQRWKHUDS\ZHUH DGPLQLVWHUHG
$UL]RQD VH[XDO H[SHULHQFHV VFDOH $6(; D EULHI LWHP VFDOH GHVLJQHG
WRDVVHVV WKHFRUHHOHPHQWVFRPPRQO\ LPSDLUHGE\DQWLGHSUHVVDQWVGULYH
DURXVDO SHQLOH HUHFWLRQYDJLQDO OXEULFDWLRQ DELOLW\ WR UHDFK RUJDVP DQG
VDWLVIDFWLRQ IURP RUJDVP %HVLGHV WKH VH[XDO IXQFWLRQV PHDVXUHG ZLWK
$6(;WKHVHYHULW\RI LOOQHVVDQGSV\FKLFDQ[LHW\ZHUHDVVHVVHGZLWK&*,
 DQG+$0' VFDOH UHVSHFWLYHO\ 6WDWLVWLFDO DQDO\VLVZDV SHUIRUPHGZLWK
039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
FRPSXWHULVHG 6WDWLVWLFDO VRIW GHVFULSWLYH VWDWLVWLFV FKLVTXDUH WHVW DQG
0DQQ:KLWQH\WHVWZHUHXVHG
5HVXOWV ,Q ZRPHQ WKH PHDQ WRWDO$6(; VFRUH ZDV VLJQL¿FDQWO\ KLJKHU
S 0DQQ:KLWQH\WHVWWKDQLQPHQDQGLWUHDFKHGWKHSDWKRORJLFDO
YDOXHV!7KHRFFXUUHQFHRIVH[XDOG\VIXQFWLRQDVVHVVHGE\$6(;ZDV
VLJQL¿FDQWO\KLJKHULQZRPHQWKDQLQPHQDVZHOO7KHUHZDVQRGLIIHUHQFH
EHWZHHQWKHGRVHVLQPHQDQGZRPHQ1RVWDWLVWLFDOO\VLJQL¿FDQWGLIIHUHQFHV
EHWZHHQPHQDQGZRPHQZHUHIRXQGHLWKHULQVHYHULW\RILOOQHVVDFFRUGLQJ
WR&*,RUDQ[LHW\7KHSDWKRORJLFDOYDOXHVDQGPRUHLQLQGLYLGXDOLWHPV
RI$6(;ZHUHIRXQGLQPRVWZRPHQLQWKHVDPSOH
&RQFOXVLRQV 7KHUH DUH JHQGHUVSHFL¿F GLIIHUHQFHV LQ PDQ\ DVSHFWV RI
GHSUHVVLYH GLVRUGHU LQFOXGLQJ DQWLGHSUHVVDQWLQGXFHG VLGH HIIHFWV 6H[XDO
G\VIXQFWLRQ HVSHFLDOO\ ZLWK ORQJWHUP WUHDWPHQW PD\ KDYH DQ LPSRUWDQW
LQÀXHQFHRQFRPSOLDQFH:HDVVXPHWKDWWKLVWRSLFVKRXOGEHGLVFXVVHGZLWK
UHPLWWHGSDWLHQWVHVSHFLDOO\ZRPHQZKRDUHEHOLHYHGWREHOHVVDVVHUWLYH
5HIHUHQFHV
0F*DKXH\&$'HOJDGR 3/*HOHQEHUJ$- $VVHVVPHQW RI VH[XDO
G\VIXQFWLRQXVLQJWKH$UL]RQDVH[XDOH[SHULHQFHVVFDOH$6(;DQGLPSOL
FDWLRQVIRUWKHWUHDWPHQWRIGHSUHVVLRQ3V\FKLDWULFDQQDOV
32
7KH+75HFHSWRU$QWDJRQLVW6%$FWDVDQ
$QWLGHSUHVVDQW$JHQW
)DXUH&pOLQH
&ODXGH%HUQDUG8QLYHUVLW\)UDQFH
0QLH)LODOL2XLVVDPH%HQWXUTXLD1DGLD%HURG$QQH
&KRXYHW*X\'HERQQHO*X\%OLHU3LHUUH+DGGMHUL1DVVHU
2EMHFWLYHV 7KH +7 UHFHSWRU LV WKH PRVW UHFHQWO\ LGHQWL¿HG PHPEHU
RI WKH +7 UHFHSWRU IDPLO\ 7KH ELRORJLFDO IXQFWLRQV RI WKLV UHFHSWRU
DUH SRRUO\ XQGHUVWRRG EXW SUHOLPLQDU\ HYLGHQFH VXJJHVWV WKDW LW PD\ EH
LQYROYHG LQ FLUFDGLDQ UK\WKP VOHHS DQG&16GLVRUGHUV LQFOXGLQJ DQ[LHW\
DQGFRJQLWLYHGLVWXUEDQFHV+7UHFHSWRUVORFDOL]DWLRQLQOLPELFDUHDDQG
WKHLUGRZQUHJXODWLRQLQK\SRWKDODPXVDIWHUWUHDWPHQWZLWK665,VVXJJHVW
WKHLULQYROYHPHQWLQDIIHFWLYHGLVRUGHUV+HQFHZHIRFXVHGRQWKHSXWDWLYH
DQWLGHSUHVVDQWSUR¿OHRI6%DSRWHQWDQGVHOHFWLYH+7UHFHSWRU
DQWDJRQLVW
0HWKRGV 8VLQJ HOHFWURSK\VLRORJLFDO H[SHULPHQWV WKH HIIHFW RI +7
UHFHSWRUVEORFNDGHRQGRUVDOUDSKH+7QHXURQ¿ULQJDFWLYLW\ZDVH[DP
LQHG0LFURG\DOLVLVH[SHULPHQWSHUPLWWHGXVWRHYDOXDWH+7H[WUDFHOOXODU
FRQFHQWUDWLRQLQIURQWDOFRUWH[DIWHUDFXWHDGPLQLVWUDWLRQRI6%:H
DOVR H[DPLQHG+7 UHFHSWRUV LPSOLFDWLRQ LQK\SRWKHUPLD LQGXFHGE\
2+'3$7D+7$UHFHSWRUDJRQLVW)RUFHGVZLPWHVWZDVXVHGWRDVVHVV
6%DQWLGHSUHVVDQWOLNHHIIHFWZKHUHDVPDUEOHEXU\LQJWHVWZDVXVHG
WRDVVHVVDQ[LRO\WLFOLNHSURSHUWLHV)LQDOO\WKHHIIHFWRIDRQHZHHNWUHDW
PHQWZLWK6%RQUDWKLSSRFDPSXVFHOOSUROLIHUDWLRQZDVHYDOXDWHG
5HVXOWV ,Q DQDHVWKHWL]HG UDWV WKH V\VWHPLF DGPLQLVWUDWLRQ RI 6%
PJNJLSSUHYHQWHGWKHVXSSUHVVDQWDFWLRQRIWKHVHOHFWLYHVHURWRQLQ
UHXSWDNH LQKLELWRU 665,SDUR[HWLQH PJNJ LY DQGRI2+'3$7
PJNJLYRQWKH¿ULQJDFWLYLW\RIGRUVDOUDSKH+7QHXURQVVXJ
JHVWLQJWKDW+7UHFHSWRUVPRGXODWH+7QHXURQDODFWLYLW\,QWHUHVWLQJO\
SUHOLPLQDU\PLFURGLDO\VLVH[SHULPHQWVUHYHDOHGWKDWLQMHFWLRQRI6%
PJNJLSLQFUHDVHGH[WUDFHOOXODU+7OHYHOE\LQUDWSUHIURQWDO
FRUWH[ 0RUHRYHU V\VWHPLF DGPLQLVWUDWLRQ RI 6%  PJNJ SUH
YHQWHG2+'3$7PJNJLQGXFHGERG\WHPSHUDWXUHGHFUHDVHLQUDW
6%PJNJUHGXFHG LPPRELOLW\ LQ WKHIRUFHGVZLPWHVW LQ UDW
ZLWKRXW DIIHFWLQJ EDVDO ORFRPRWRU DFWLYLW\ DQG UHGXFHG PDUEOHEXU\LQJ
EHKDYLRU LQPLFH )LQDOO\ RQHZHHN WUHDWPHQW ZLWK 6% PJNJ
LSEXWQRWZLWKWKH665,ÀXR[HWLQHPJNJLSHQKDQFHGWKHFHOOXODU
SUROLIHUDWLRQUDWHLQUDWKLSSRFDPSDOVXEJUDQXODU]RQH
&RQFOXVLRQV7KH SUHVHQW UHVXOWV VXJJHVW WKDW +7 UHFHSWRU DQWDJRQLVWV
EHKDYHE\WKHPVHOYHVDVDQWLGHSUHVVDQWOLNHDJHQWV7KHLUDGGLWLRQWR665,V
RU PRQRDPLQH R[LGDVH LQKLELWRUV 0$2,V VKRXOG UHGXFH WKHLU RQVHW RI
DFWLRQDQGRUHQKDQFHWKHLUDQWLGHSUHVVDQWHI¿FDF\DQGFRQWULEXWHDW OHDVW
LQSDUWWRWKHEHQH¿FLDOHIIHFWVRIWKHDW\SLFDOQHXUROHSWLFVDJHQWVKDYLQJ
JRRGDI¿QLW\IRU+7UHFHSWRUVDQG665,VFRPELQDWLRQ
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1'WKH)LUVW3'(,QKLELWRU&RPELQHV$Q[LRO\WLFDQG
$QWLGHSUHVVDQW/LNH(IIHFWV
&HVDUH0RQGDGRUL
1HXURG0XOKRXVH)UDQFH
-HURPH'XUDQWRQ<DQ/DJRXJH)DEULFH+HLW]$UQROG'HPDLOO\
6WHSKDQLH:DJQHU1RHOOH&DOOL]RG6WHIDQR%LRQGL
-DFTXHV%RXUJXLJQRQ&ODLUH/XJQLHU'RPLQLTXH6FKXOW]
2EMHFWLYHV $ FRPSUHKHQVLYH UHYLHZ RQ GDWD JHQHUDWHG WR HOXFLGDWH WKH
SKDUPDFRORJLFDOSUR¿OHVDIHW\DQGWROHUDELOLW\RI1'WKH¿UVWVHOHF
WLYH3'(LQKLELWRULQ3KDVH,FOLQLFDOWULDOV
0HWKRGV )RU WKH ELRFKHPLFDO FKDUDFWHUL]DWLRQ HQ]\PH DVVD\V +3/&
0DVV 6SHFWURVFRS\ LQ YLYR PLFURGLDO\VLV ZHUH XVHG (IIHFWV RQ D[RQDO
VSURXWLQJ ZHUH GHWHUPLQHG LQ SULPDU\ KLSSRFDPSDO QHXURQ FXOWXUHV 7KH
EHKDYLRXUDOWHVWVLQFOXGHGWKH(OHYDWHG3OXV0D]H/LJKW'DUN%R[HV7HVW
0DUEOH%XU\LQJ&KURQLF0LOG6WUHVVWKH3RUVROW6ZLP7HVW3DVVLYH$YRLG
DQFH5RWDURG2SHQ)LHOG7HVWDQGDFWLYLW\FDJHVIRUZLWKGUDZDOLQGXFHG
K\SHUDFWLYLW\
5HVXOWV7KHFRPSRXQGZDVIRXQGWREHDWOHDVWIROGVHOHFWLYHIRU3'(
YV3'(7KHFRPSRXQGLQFUHDVHGWKHOHYHORIF*03LQ613DQG%$<
 VWLPXODWHG EUDLQ FHOO SUHSDUDWLRQV$IWHU RUDO DGPLQLVWUDWLRQ WKH
FRPSRXQGLQGXFHGVWURQJDQGORQJODVWLQJHIIHFWV!KRQQHXURWUDQVPLWWHU
OHYHOV LQ IRXUGLIIHUHQWEUDLQ UHJLRQV0RVW LQWHUHVWLQJZHUH WKH HIIHFWV LQ
EHKDYLRXUDO WHVWV LQURGHQWV1'GLVSOD\HGVWURQJHIIHFWVRQ WKH WLPH
VSHQWLQWKHRSHQDUPVDQGWKHQXPEHURIHQWULHVLQWRWKHRSHQDUPVRIDQ
(OHYDWHG3OXV0D]H6LPLODUO\WKHFRPSRXQGLQFUHDVHGWKHWLPHVSHQWLQWKH
EULJKWO\OLWFRPSDUWPHQWRID/LJKW'DUN%R[7HVWDQGUHGXFHGWKHQXPEHU
RIPDUEOHVEXULHGLQD0DUEOH%XU\LQJ7HVW$OOWKHVHWHVWVKDYHEHHQVKRZQ
WREHVHQVLWLYHWRWKHHIIHFWVRIFOLQLFDOO\DFWLYHDQ[LRO\WLFFRPSRXQGV7KH
FRPSRXQGUHLQVWDWHGWKHSUHIHUHQFHIRUJOXFRVHRYHUZDWHU LQ WKH&KURQLF
0LOG6WUHVV0RGHODQGUHGXFHGWKHSKDVHVRILPPRELOLW\LQWKH3RUVROW6ZLP
7HVWERWKWHVWVVHQVLWLYHWR WKHHIIHFWVRIFOLQLFDOO\DFWLYHDQWLGHSUHVVDQWV
7KHFRPSRXQGZDVQHLWKHUVHGDWLYHQRUGLG LW LQGXFHZLWKGUDZDOLQGXFHG
K\SHUDFWLYLW\DVREVHUYHGLQWKHGLD]HSDPWUHDWHGFRQWUROV8QOLNHGLD]HSDP
WKHUHZHUHQRQHJDWLYHEXWSRVLWLYHHIIHFWVRQPHPRU\SHUIRUPDQFHLQSDV
VLYHDYRLGDQFHWHVWV,QOLQHZLWKWKHVSHFWUXPRIDFWLYLW\RIFOLQLFDOO\DFWLYH
DQWLGHSUHVVDQWV 1' LQGXFHG VSURXWLQJ LQ KLSSRFDPSDO SULPDU\ FHOO
FXOWXUHV1'ZDVZHOO DEVRUEHGZHOO WROHUDWHG LQ WR[LFRORJ\ VWXGLHV
DQGVDIHZLWKUHJDUGVWRSRWHQWLDOFDUGLDFUHVSLUDWRU\DQG&16VLGHHIIHFWV
&RQFOXVLRQV2QWKHEDVLVRIWKHSUHFOLQLFDOGDWD1'FDQEHFRQVLGHUHG
WREH DQ DQWLGHSUHVVDQWOLNH FRPSRXQGZLWK DQ[LRO\WLFSURSHUWLHV ODFNLQJ
PDQ\RIWKHPRVWGLVWXUELQJVLGHHIIHFWVRISUHVHQWDQ[LRO\WLFVVXFKDVVHGD
WLRQPHPRU\GLVWXUEDQFHVDQGZLWKGUDZDO
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9HQODID[LQHYV665,VLQ'HSUHVVLRQ0HWD$QDO\VLVRI$OO
.QRZQ5&7V
-HII0XVJQXQJ
:\HWK5HVHDUFK&ROOHJHYLOOH3HQQV\OYDQLD86$
0LFKDHO(7KDVH5LFKDUG(QWVXDK6DHHG$KPHG'LDQH6ORDQ
&KDUOHV%1HPHURII
2EMHFWLYHV 3UHYLRXV PHWDDQDO\VHV FRPSDULQJ YHQODID[LQH DQG VHOHFWLYH
VHURWRQLQUHXSWDNHLQKLELWRUV665,VJHQHUDOO\KDYHQRWLQFOXGHGVWXGLHVE\
VSRQVRUVRWKHUWKDQ:\HWK:HQRZUHSRUWRQDPHWDDQDO\VLVRIDOONQRZQ
VWXGLHVIURPDOOIXQGLQJVRXUFHV
0HWKRGV $ UHYLHZ RI SXEOLVKHG DQG XQSXEOLVKHG VWXGLHV UHJDUGOHVV RI
VSRQVRU ZDV FRQGXFWHG WR LGHQWLI\ UDQGRPL]HG FRQWUROOHG WULDOV 5&7V
FRPSDULQJ VKRUWWHUP WUHDWPHQW RI GHSUHVVLRQ ZLWK YHQODID[LQH DQG 66
5,V2GGVUDWLRV25IRUUHPLVVLRQ+$0'DWZHHNRUHQGSRLQW
ZKHQHYHUSRVVLEOHRUWKHFORVHVWDYDLODEOHHTXLYDOHQWDQGFRQ¿GHQFH
LQWHUYDOV&,ZHUHFRPSXWHGIRUHDFKLQGLYLGXDOVWXG\DQGWKHRYHUDOOGDWD
VHWXVLQJ0DQWHO+DHQV]HOPHWKRGV)XQQHOSORWDQDO\VLVZDVXVHGWRDVVHVV
VHOHFWLRQELDV
5HVXOWV )RUW\¿YH 5&7V FRPSDULQJ YHQODID[LQH WR FLWDORSUDP HVFL
WDORSUDPÀXR[HWLQHÀXYR[DPLQHSDUR[HWLQHRUVHUWUDOLQHZHUHLGHQWL¿HG
DQG DYDLODEOH IRU LQFOXVLRQ  KDG QRW EHHQ LQFOXGHG LQ RXUPRVW UHFHQW
PHWDDQDO\VLV 7KH 25 IRU WKH XSGDWHG PHWDDQDO\VLV ZDV   &,
 FRPSDUHG ZLWK   &,  LQ WKH HDUOLHU PHWD
039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
DQDO\VLVZKLFKZDVEDVHGRQO\RQ:\HWKIXQGHGVWXGLHV7KHODUJHVWHIIHFW
ZDVREVHUYHGZLWKVWXGLHVWKDWLQFOXGHGÀXR[HWLQHDVWKHFRPSDUDWRUFRP
SDULVRQVZLWKRWKHU665,VZHUHQRWVWDWLVWLFDOO\VLJQL¿FDQWDOWKRXJKWUHQGV
ZHUHREVHUYHGIRUWKHFRPELQHGHIIHFWVRIVWXGLHVHPSOR\LQJVHUWUDOLQHDQG
SDUR[HWLQH1HLWKHUYLVXDOLQVSHFWLRQRIWKHIXQQHOSORWQRUVSHFL¿FVWDWLVWL
FDOWHVWVUHYHDOHGDQ\HYLGHQFHRIVWXG\VHOHFWLRQELDV
&RQFOXVLRQV7KHVHUHVXOWVH[WHQGHGWKH¿QGLQJVRISULRUPHWDDQDO\VHVDQG
VXJJHVWHG WKDWYHQODID[LQHZDVPRUHHIIHFWLYH WKDQ665,VZKHQJURXSHG
WRJHWKHUDQGÀXR[HWLQHVSHFL¿FDOO\ZKHQFRPSDUHGLQGLYLGXDOO\7RRIHZ
VWXGLHVRIFLWDORSUDPHVFLWDORSUDPDQGÀXYR[DPLQHKDYHEHHQFRQGXFWHG
WRSHUPLWDUHOLDEOHFRQFOXVLRQRIQRQLQIHULRULW\7KHLQFOXVLRQRIDOODYDLO
DEOH VWXGLHV UHJDUGOHVV RI VSRQVRU GLG QRW VXEVWDQWLDOO\ FKDQJH RYHUDOO
UHVXOWV ,W UHPDLQHGXQFOHDUKRZHYHU LI WKHDGYDQWDJHH[WHQGHGEH\RQG
ZHHNVDQGUHVXOWVPLJKWQRWEHFRQVLVWHQWDFURVVDOOLQGLYLGXDO665,V
5HIHUHQFHV
6PLWK''HPSVWHU&*ODQYLOOH - HW DO(I¿FDF\DQG WROHUDELOLW\RIYHQ
ODID[LQH FRPSDUHG ZLWK VHOHFWLYH VHURWRQLQ UHXSWDNH LQKLELWRUV DQG RWKHU
DQWLGHSUHVVDQWVDPHWDDQDO\VLV%U-3V\FKLDWU\
1HPHURII&%(QWVXDK$5:LOODUG/:'HPLWUDFN0$7KDVH0(9HQOD
ID[LQHDQG665,VSRROHGUHPLVVLRQDQDO\VLV(XU1HXURSV\FKRSKDUPDFRO
VXSSO6
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/RZ'RVH9HQODID[LQHDQG665,VLQWKH5HPLVVLRQRI
'HSUHVVLYH6\PSWRPV
-HII0XVJQXQJ
:\HWK5HVHDUFK&ROOHJHYLOOH3HQQV\OYDQLD86$
%LQJ<DQ-D\*UDHSHO'LDQH6ORDQ
2EMHFWLYHV 7R GDWH PRUH WKDQ  UDQGRPL]HG GRXEOHEOLQG DFWLYHFRQ
WUROOHG WULDOV KDYH FRPSDUHG YHQODID[LQH DQG VHOHFWLYH VHURWRQLQ UHXSWDNH
LQKLELWRUV 665,V LQ WKH WUHDWPHQW RI GHSUHVVLRQ 7KLVPHWDDQDO\VLV H[
SORUHGWKHHIIHFWVRIDFXWHSKDVHWUHDWPHQWZLWKYHQODID[LQHDQG665,VRQ
UHPLVVLRQRIV\PSWRPVLQGHSUHVVHGSDWLHQWVUHFHLYLQJ¿[HGORZWKHUDSHXWLF
GRVHVRIHLWKHUWUHDWPHQW
0HWKRGV)URPDQ DOOLQFOXVLYHZRUOGZLGHGDWDEDVHRI SXEOLVKHG DQGXQ
SXEOLVKHGVWXGLHVFRPSDULQJYHQODID[LQHDQGVHOHFWHG665,VFRQGXFWHGE\
:\HWK5HVHDUFKZH LGHQWL¿HG UDQGRPL]HGGRXEOHEOLQGVWXGLHV LQZKLFK
GHSUHVVHGSDWLHQWVUHFHLYHG¿[HGORZWKHUDSHXWLFGRVHVRIERWKWUHDWPHQWV
$WRWDORIVWXGLHVPHWWKHVHFULWHULDDQGZHUHLQFOXGHGLQWKHDQDO\VLV,Q
GLYLGXDOSDWLHQWGDWDZHUHSRROHGWRHYDOXDWHHI¿FDF\DQGWROHUDELOLW\LQ
GHSUHVVHG SDWLHQWV WUHDWHG ZLWK YHQODID[LQHYHQODID[LQH H[WHQGHGUHOHDVH
;5PJQ FRPSDUHGZLWKPJRIÀXR[HWLQHQ RUSDUR[
HWLQHQ 2XWFRPHVZHUHHYDOXDWHGDWDFRPPRQHQGSRLQWZHHNRU
WKHODVWREVHUYHGHQGSRLQWSULRUWRZHHNXVLQJDVWDQGDUGL]HGGH¿QLWLRQ
RI UHPLVVLRQ +$0' VFRUH  &RPSDULVRQV DPRQJ WKH JURXSVZHUH
FRQGXFWHG XVLQJ D VWDQGDUG FKLVTXDUH WHVW 7KH ODVWREVHUYDWLRQFDUULHG
IRUZDUGPHWKRGZDVXVHGWRDFFRXQWIRUPLVVLQJGDWD
5HVXOWV ,Q WKH RYHUDOO GDWD VHW  RI SDWLHQWV DFKLHYHG UHPLVVLRQZLWK
YHQODID[LQHYHQODID[LQH;5PJ ,Q WKH ÀXR[HWLQH VWXGLHV UHPLVVLRQ
UDWHVZHUHIRUYHQODID[LQHYVIRUÀXR[HWLQH 3  LQ WKH
SDUR[HWLQH VWXGLHV UHPLVVLRQ UDWHVZHUH  IRU YHQODID[LQH YV  IRU
SDUR[HWLQH 3  2YHUDOO GLVFRQWLQXDWLRQ GXH WR DGYHUVH HYHQWV ZDV
VLPLODUYHQODID[LQHYHQODID[LQH;5ÀXR[HWLQHSDUR[HWLQH
&RQFOXVLRQV3UHYLRXVPHWDDQDO\VHVRIGHSUHVVLRQVWXGLHVKDYHVXJJHVWHG
DGYDQWDJHV IRUYHQODID[LQH UHODWLYH WRÀXR[HWLQHDQGSHUKDSVRWKHU665,V
DFURVVDZLGHUDQJHRIGRVDJHV7KHFXUUHQWPHWDDQDO\VLVGHPRQVWUDWHG
WKDWYHQODID[LQHWUHDWPHQWZDVDVVRFLDWHGZLWKKLJKHUUHPLVVLRQUDWHVWKDQ
ÀXR[HWLQHHYHQDWORZWKHUDSHXWLFGRVHVGLIIHUHQFHVIURPSDUR[HWLQHZHUH
QRWVWDWLVWLFDOO\VLJQL¿FDQW
5HIHUHQFHV
7KDVH0((QWVXDK$55XGROSK5/5HPLVVLRQ UDWHVGXULQJ WUHDWPHQW
ZLWKYHQODID[LQHRUVHOHFWLYHVHURWRQLQUHXSWDNHLQKLELWRUV%U-3V\FKLDWU\

1HPHURII&%(QWVXDK$5:LOODUG/'HPLWUDFN0$7KDVH09HQOD
ID[LQHDQG665,VSRROHGUHPLVVLRQDQDO\VLV(XU1HXURSV\FKRSKDUPDFRO
VXSSO6$EVWUDFW3
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2QVHWRI$QWLGHSUHVVDQW(IIHFWZLWK0LUWD]DSLQH)'7YV
9HQODID[LQH;5
-RKQ+6LPPRQV
2UJDQRQ,QWHUQDWLRQDO,QF5RVHODQG1HZ-HUVH\86$
$UPLQ6]HJHGL0LFKDHO3KLOLSS2WWR%HQNHUW5DOI.RKQHQ
&ODXV+HLQULFK0RQLTXH10YDQGHU9HJWH6HQGHQ
5RVV$%DNHU$OEHUW-DQ6FKXWWH
2EMHFWLYHV &RPSDUH WKH RQVHW RI DQWLGHSUHVVDQW HIIHFW DQG WROHUDELOLW\
EHWZHHQWKH)'7IRUPXODWLRQRIPLUWD]DSLQHDQGYHQODID[LQH;5
0HWKRGV7KHPXOWLFHQWHU WULDOZDVFRQGXFWHG LQ*HUPDQ\6XEMHFWVZLWK
D '60,9 PDMRU GHSUHVVLYH GLVRUGHU DQG D +$0' VFRUH  ZHUH
UDQGRPL]HG WRPLUWD]DSLQH)'7±PJGD\ Q  FRPSOHWHGRU
YHQODID[LQH;5±PJGD\Q FRPSOHWHGWLWUDWHGWRWKHKLJK
HVWGRVHZLWKLQGD\V7KHSULPDU\RXWFRPHPHDVXUHZDV WKHDYHUDJHRI
FKDQJHIURPEDVHOLQH+$0'VFRUHRYHUGD\VDQGDIWHUWUHDW
PHQWLQLWLDWLRQ6HFRQGDU\RXWFRPHVLQFOXGHGFKDQJHLQ+$0'VFRUH
UHVSRQVH+$0'VFRUHGHFUHDVHGE\!DQGUHPLVVLRQ+$0'
VFRUHVXSWRGD\$QDO\VHVZHUHSHUIRUPHGXVLQJWKH,77SRSXODWLRQ
/2&)DSSURDFK
5HVXOWV 0LUWD]DSLQH VXEMHFWV DFKLHYHG VLJQL¿FDQWO\ JUHDWHU GHFUHDVHV LQ
DYHUDJH+$0'VFRUHQ WKDQYHQODID[LQHVXEMHFWVQ
 3 5HVSRQVHUDWHVZHUHVLJQL¿FDQWO\KLJKHU3IRUPLU
WD]DSLQHVXEMHFWVRQGD\VYVYVDQG
YVDQGUHPLVVLRQZDVVLJQL¿FDQWO\KLJKHURQGD\
YV7KHWROHUDELOLW\RIWKHGUXJVZDVVLPLODU
&RQFOXVLRQV0LUWD]DSLQH)'7SURGXFHGDVLJQL¿FDQWO\PRUHUDSLGRQVHWRI
DQWLGHSUHVVDQWDFWLRQWKDQYHQODID[LQH;5H[WHQGLQJHDUOLHU¿QGLQJV
5HIHUHQFHV
*XHO¿-'$QVVHDX07LPPHUPDQ/.RUVJDDUG60LUWD]DSLQH9HQOD
ID[LQH6WXG\*URXS0LUWD]DSLQHYHUVXVYHQODID[LQHLQKRVSLWDOL]HGVHYHUHO\
GHSUHVVHGSDWLHQWVZLWKPHODQFKROLFIHDWXUHV-&OLQ3V\FKRSKDUPDFRO

7KRPSVRQ&YDQ:LOOLJHQEXUJ$33+HXNHOV$- -DQVVHQV&--*HW DO
0LUWD]DSLQHYV665,V$0HWD$QDO\VLVRQ2QVHWRI$QWLGHSUHVVDQW$FWLY
LW\3RVWHUSUHVHQWHGDWWKHWKPHHWLQJRIWKH$PHULFDQ3V\FKLDWULF$V
VRFLDWLRQ$3$0D\1HZ<RUN$EVWUDFW15
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7KH(IIHFWLYHQHVV2I7LDQHSWLQH,Q7KH7UHDWPHQW2I
'HSUHVVLRQ$FFRUGLQJ7R7KH6&/
6DPYHO6XNLDV\DQ
$UPHQLD
6DPYHO0DUJDU\DQ1DULQH0DQDV\DQ$QQD%DEDFKDQ\DQ
)USXQH.LUDNRV\DQ
2EMHFWLYHV7KHWKHUDS\RIGHSUHVVLYHFRQGLWLRQVLVTXLWHDFWXDODWSUHVHQW
WLPH:LWKWKLVSRLQWRIYLHZWKHLQYHVWLJDWLRQRISUHSDUDWLRQVZKLFKRQRQH
KDQGKDYHUDWKHUZLGHVSHFWUXPRIDFWLRQDQGRQWKHRWKHUKDQGGRQ¶WFDXVH
FRPSOLFDWLRQVDQGVLGHHIIHFWVLVUDWKHULPSRUWDQW7LDQHSWLQH&RD[LOKDV
LWV VSHFL¿FSODFH LQ WKHQXPEHURIDQWLGHSUHVVDQWV ,W FRPELQHVERWKDQWL
GHSUHVVLYHDQGDQ[LRO\WLFHIIHFWVKDVUHPDUNDEOHDFFHSWDELOLW\DEVHQFHRI
VHGDWLRQWKHSRVVLELOLW\WRFRPELQHZLWKRWKHUGUXJVDEVHQFHRIXQGHVLUDEOH
VLGHHIIHFWV7KHPDLQWDVNZDVWRHVWLPDWHWKHHIIHFWLYHQHVVRI7LDQHSWLQHLQ
WKHWUHDWPHQWRISDWLHQWVZLWKGHSUHVVLYHGLVRUGHUV
0HWKRGV7KH FOLQLFDO SHFXOLDULWLHV RI7LDQHSWLQHZHUH VWXGLHG LQ WKH SD
WLHQWVZLWKGHSUHVVLYHGLVRUGHUVZKRKDYHDSSOLHGWRWKH&HQWUHRI0HQWDO
+HDOWK³6WUHVV´%HVLGHV WKHFOLQLFDOSV\FKRSDWKRORJLFDOPHWKRGZHXVHG
+RSNLQV6\PSWRP ,QYHQWRU\ 6&/ IRU WKH HVWLPDWLRQ RI WKH SDWLHQW¶V
FRQGLWLRQVZKLFKKDVEHHQXVHGLQQXPHURXVVWXGLHVRIPHGLFDOSDWLHQWVDQG
KDVEHHQIRXQGWRKDYHKLJKUHOLDELOLW\DQGYDOLGLW\7KHSDWLHQWVFRPSOHWHG
WKH6&/RQWKHVWWKDQGWKGD\V
5HVXOWV7KHUHZHUHUHYHDOHGVHYHUDOSDWKRORJLFDOVFRUHVRQVRPHPDLQDQG
DGGLWLRQDOVXEVFDOHVRI6&/'XULQJWKHWKHUDS\ZLWK7LDQHSWLQHLWZDV
VHHQVLJQL¿FDQWGHFUHDVHRIWKHPHQWLRQHGVFRUHV7KHGHFUHDVHRQWKHPDLQ
VXEVFDOHVLVOHVVLQWHQVLYHGXULQJ¿UVWWZRZHHNVFRPSDUHGWRWKHDGGLWLRQDO
VXEVFDOHV%XWWKHG\QDPLFVRIWKHVFRUHVRQWKHPDLQVXEVFDOHVZDVPRUH
LQWHQVLYHGXULQJWKHQH[WWZRZHHNV7KHGHFUHDVHRIWKHVFRUHVRQWKHVXE
VFDOHVRI'HSUHVVLRQDQG$Q[LHW\RQWKHWKGD\ZDVDERXWFRPSDUHG
039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
WRWKHLQLWLDOUHVXOWVEXWWKH\ZHUHDFFRUGLQJO\DQGRQWKHWK
GD\(VSHFLDOO\VLJQL¿FDQWG\QDPLFVZDVVHHQRQWKHDGGLWLRQDOVXEVFDOHV
FKDUDFWHUL]LQJGLIIHUHQWDVSHFWVRIVOHHSDQGVXLFLGDOLGHDWLRQ
&RQFOXVLRQV 7LDQHSWLQH UHGXFHV WKH VHYHULW\ RI GLIIHUHQW GHSUHVVLYH DQG
DQ[LRXV V\PSWRPV FRQ¿UPHG E\ WKH SRVLWLYH G\QDPLFV RQ WKH VXEVFDOHV
RI6&/
32
+\SHULFXP([WUDFW:6LVDW/HDVW(TXDOO\(IIHFWLYH
DQG%HWWHU7ROHUDWHGWKDQ3DUR[HWLQHLQ0RGHUDWHWR6HYHUH
'HSUHVVLRQ
$UPLQ6]HJHGL
&KDULWp8QLYHUVLWlWVPHGL]LQ%HUOLQ*HUPDQ\
$QJHOLND'LHQHO0HLQKDUG.LHVHU
2EMHFWLYHV:KLOH H[WUDFWV IURP+\SHULFXPSHUIRUDWXP 6W -RKQ¶VZRUW
DUHXVHGZLGHO\DQGVXFFHVVIXOO\LQPLOGWRPRGHUDWHPDMRUGHSUHVVLRQWKHLU
HI¿FDF\LQPRUHVHYHUHO\GHSUHVVHGSDWLHQWVLVGHEDWHG:HLQYHVWLJDWHGWKH
DQWLGHSUHVVDQW HI¿FDF\ RI +\SHULFXP H[WUDFW:6  LQ SDWLHQWV ZLWK
PRGHUDWHWRVHYHUHPDMRUGHSUHVVLRQE\GHPRQVWUDWLQJDWOHDVWQRQLQIHULRU
LW\WRSDUR[HWLQH
0HWKRGV  SV\FKLDWULF SULPDU\ FDUH SUDFWLFHV LQ *HUPDQ\ SDUWLFLSDWHG
LQ RXU UDQGRPL]HG GRXEOHEOLQG GRXEOHGXPP\ UHIHUHQFHFRQWUROOHG
WULDO7KH VWXG\SDUWLFLSDQWVZHUH  DGXOW RXWSDWLHQWVZLWK DFXWHPDMRU
GHSUHVVLRQ DFFRUGLQJ WR '60,9 LWHP +DPLOWRQ 'HSUHVVLRQ 6FDOH
+$0' WRWDO VFRUH  7KH\ UHFHLYHG  PJGD\ +\SHULFXP H[WUDFW
:6LQGLYLGHGGRVHVRUPJSDUR[HWLQHRQFHGDLO\IRUZHHNV
,QLQLWLDOQRQUHVSRQGHUVWKHGRVHZDVLQFUHDVHGWRPJGD\:6
RUPJGD\SDUR[HWLQHDIWHUZHHNV7KHSULPDU\RXWFRPHPHDVXUHIRU
HI¿FDF\ZDVWKH+$0'WRWDOVFRUHGHFUHDVHEHWZHHQEDVHOLQHDQGGD\
6HFRQGDU\PHDVXUHV LQFOXGHG WKH0RQWJRPHU\cVEHUJ'HSUHVVLRQ5DWLQJ
6FDOH0$'56WKH&OLQLFDO*OREDO,PSUHVVLRQV&*,VFDOHDQGWKH%HFN
'HSUHVVLRQ,QYHQWRU\%',
5HVXOWV7KH+$0'WRWDOVFRUHGHFUHDVHGE\SRLQWVPHDQ6'
FRUUHVSRQGLQJ WR   RI WKH EDVHOLQH YDOXH LQ WKH:6
JURXS DQG E\   SRLQWV   LQ WKH SDUR[HWLQH JURXS
LQWHQWLRQ WR WUHDW DQDO\VLV ,77 VLPLODU UHVXOWVZHUHREVHUYHG LQ WKHSHU
SURWRFRODQDO\VLV331RQLQIHULRULW\RI:6į S IRU
,77DQG33DVZHOODVVWDWLVWLFDOVXSHULRULW\RYHUSDUR[HWLQHS IRU
,77S IRU33ZHUHGHPRQVWUDWHGIRUERWKDQDO\VLVVHWV7KHFRU
UHVSRQGLQJFRQ¿GHQFHLQWHUYDOVDVVXUHDWUHDWPHQWJURXSGLIIHUHQFHIRUWKH
+$0'WRWDOVFRUHRIDWOHDVWSRLQWVLQIDYRURI:6IRU,77DQG
RISRLQWVIRU33Į RQHVLGHG7KHVHUHVXOWVZHUHIXOO\VXSSRUWHG
E\ WKH VHFRQGDU\ HI¿FDF\ PHDVXUHV 7KH LQFLGHQFH GHQVLWLHV RI DGYHUVH
HYHQWVZHUHDQGHYHQWVSHUGD\RIH[SRVXUHIRU:6DQG
SDUR[HWLQHUHVSHFWLYHO\
&RQFOXVLRQV+\SHULFXPH[WUDFW:6LVDWOHDVWHTXDOO\HIIHFWLYHDQG
EHWWHUWROHUDWHGWKDQSDUR[HWLQHLQWKHWUHDWPHQWRIPRGHUDWHWRVHYHUHPDMRU
GHSUHVVLRQ
5HIHUHQFHV
6]HJHGL$.RKQHQ5'LHQHO$.LHVHU0$FXWHWUHDWPHQWRIPRGHU
DWHWRVHYHUHGHSUHVVLRQZLWKK\SHULFXPH[WUDFW:66W-RKQ¶VZRUW
UDQGRPLVHGFRQWUROOHGGRXEOHEOLQGQRQLQIHULRULW\WULDOYHUVXVSDUR[HWLQH
%0-GRLEPMSXEOLVKHG)HEUXDU\
32
2SSRUWXQLW\WR$VVRFLDWH1HXURWURSKLF)DFWRUVZLWK665,LQ
WKH7UHDWPHQWRI*HULDWULF2UJDQLF'HSUHVVLRQ
$OH[DQGUX7LXJDQ
³'U6WHIDQ2GREOHMD´(PHUJHQF\0LOLWDU\+RVSLWDO3V\FKLDWU\
'HSDUWPHQW&UDLRYD5RPDQLD
&ODXGLD5DGXW
%DFNJURXQG1HXURELRFKHPLVWU\RIGHSUHVVLYHGLVRUGHU LQ HOGHUO\SHRSOH
SUHVHQWV VRPHSDUWLFXODULWLHVZLWKGLUHFW LPSOLFDWLRQV LQSV\FKRSKDUPDFR
ORJLFDOVFKHPH
$VLJQL¿FDQWGHFUHDVHRIWUDQVSRUWHUVVXEW\SHVRIUHFHSWRUVDQGVHURWRQLQHU
JLFVHFUHWLRQVSHFL¿FWRDJLQJFRUUHODWHGZLWKUHGXFHRIPHPEUDQHÀXLGLW\
DFFHQWXDWHGE\FHUHEUDOLVFKHP\JHQHUDWHVSURSHUFRQGLWLRQVIRUGHYHORS
PHQWRIGHSUHVVLYHSV\FKRSDWKRORJLFDOSDQHO
1HXURWURSKLFIDFWRUVSOD\DVLJQL¿FDQWUROHLQQHXURSODVWLFLW\DQGLQFUHDVH
RIPHPEUDQHÀXLGLW\ UHVSHFWLYHO\RIIHULQJ WKXV WKHRSSRUWXQLW\ WR DSSO\
WKHPLQWUHDWPHQWRIJHULDWULFRUJDQLFGHSUHVVLRQDVVRFLDWHGZLWK665,
0HWKRGV7KHVWXG\ZDVGHYHORSHGDIWHUDQRSHQSURVSHFWLYHDQGFRPSDUD
WLYHFOLQLFDOVWXG\GHVLJQ6HUWUDOLQD&HUHEURO\VLQYHUVXV6HUWUDOLQD
7ZHQW\SDWLHQWVRYHU\HDUVROGPDOHVXEMHFWVDQGIHPDOHRQHVZLWK
GLDJQRVLVRIRUJDQLFGHSUHVVLRQDFFRUGLQJWR,&'FULWHULDZHUHHQUROOHG
LQWKHVWXG\GHYHORSHGEHWZHHQDQG
$ORWRIWHQSDWLHQWVUHFHLYHG&HUHEURO\VLQPODGD\6HUWUDOLQPJ
ZKLOHWKHRWKHURQHUHFHLYHGRQO\6HUWUDOLQDPJDGD\IRUPRQWKV5H
VSRQVHWRWUHDWPHQWZDVGH¿QHGE\+DPLOWRQ<XQJDQG/FKHU5DWLQJ6FDOH
DQGDVFRUHUHGXFHIDVWO\LQSDWLHQWVWUHDWHGZLWK&HUHEURO\VLQDQG6HUWUDOLQD
YHUVXVSDWLHQWVWUHDWHGZLWKRQO\6HUWUDOLQDZDVIRXQG
&OLQLFDO PRQLWRULQJ IRU  PRQWKV UHYHDOHG QR VFRUH UHGXFH LQ SDWLHQWV
WUHDWHGZLWK&HUHEURO\VLQDQG6HUWUDOLQD
&RQFOXVLRQV3V\FKRSKDUPDFRORJLFDO WUHDWPHQWZLWK6HUWUDOLQD LVSRVLWLYH
IRUHWLRSDWKRJHQLFPHFKDQLVPRIGHSUHVVLYHGHVRUGHULQHOGHUO\SDWLHQWV
1HXURWURSKLFIDFWRUVOHDGWRDQWLGHSUHVVDQWSKDUPDFRWKHUDS\LPSURYHPHQW
RI665,W\SHRQGLVSODVWLFLW\V\QDSVLV
$SSOLFDWLRQ RI QHXURWURSKLF IDFWRUV LPSURYH WKH SURJQRVWLF RI GHSUHVVLYH
GLVRUGHUVLQHOGHUO\SDWLHQWVWUHDWHGZLWK665,RSHQLQJWKXVQHZPHWKRGV
RISV\FKRSKDUPDFRORJLFDODSSURDFK
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9HQODID[LQH0LUWD]DSLQH&RPELQDWLRQLQ7UHDWPHQW5HVLVWDQW
0DMRU'HSUHVVLRQ
+HLNR8OOULFK
(YDQJHOLVFKH.OLQLNHQ*HOVHQNLUFKHQ*HUPDQ\
0DUNXV)URW]7KRPDV=HLW7KRPDV0XQ](FNKDUG.OLHVHU
2EMHFWLYHV&RPELQDWLRQRIGLIIHUHQWDQWLGHSUHVVLYHDJHQWVLVDQRSWLRQLQ
WKHWKHUDS\RIWUHDWPHQWUHVLVWDQWGHSUHVVLRQ$OWKRXJKWKHFRPELQDWLRQRI
YHQODID[LQHDQGPLUWD]DSLQHVHHPVXVHIXOGXHWRWKHGLIIHUHQWPHFKDQLVPRI
DFWLRQWKHUHLVRQO\OLWWOHGDWDDYDLODEOHRQWKLVUHJLPHQ
0HWKRGVLQSDWLHQWV±IHPDOHPDOHPHDQDJH\HDUVUDQJH
±ZLWKDWUHDWPHQWUHVLVWDQWPDMRUGHSUHVVLRQZKRDOVRIDLOHGWRUHVSRQGWR
YHQODID[LQHPRQRWKHUDS\ZHUH WUHDWHGZLWK D FRPELQDWLRQ RI YHQODID[LQH
DQGPLUWD]DSLQH6HYHULW\RIGHSUHVVLRQZDVDVVHVVHGE\WKH+$0'VFDOH
GUXJPRQLWRULQJ FRQWUROOHG WKH SODVPDOHYHOV RI YHQODID[LQH EHIRUH DQG
DIWHU DGPLQLVWUDWLRQRIPLUWD]DRLQH)RU HYDOXDWLRQRI VLGHHIIHFWV FOLQLFDO
LQWHUYLHZ HFJ DQG FOLQLFDO FKHPLVWU\ ZDV DGPLQLVWHUHG HYHU\ WZR ZHHNV
XQGHUFRPELQDWLRQWKHUDS\
5HVXOWV7KHPHDQYHQODID[LQHGRVHZDVPJFRPELQHGZLWK
DPHDQGRVHRIPLUWD]DSLQHRIPJ7KH+$0'GHFUHDVHGIURP
DQLQLWLDOPHDQRIWRDSRVWWUHDWPHQWVFRUHRIPHDQ7KH
SODVPDOHYHOVRIYHQODID[LQHLQFUHDVHGIURPDSUHFRPELQDWLRQYDOXHRI
QJPO  WRDPHDQRIQJPO XQGHUFRPELQDWLRQ7KH
SODVPDOHYHOV RI RGHVPHWK\OYHQODID[LQH GHFUHDVHG IURP D SUHFRPELQD
WLRQYDOXHRIQJPOWRDPHDQRIQJPOXQGHU
FRPELQDWLRQ7KHUHZHUHQRVLJQL¿FDQWFKDQJHVLQODERUDWRU\¿QGLQJVRUWKH
HFJQRUDQ\FRPSODLQWVRIVLGHHIIHFWV
&RQFOXVLRQV7KHFRPELQDWLRQRIYHQODID[LQHDQGPLUWD]DSLQHLQWKHSKDU
PDFRWKHUDS\RIWUHDWPHQWUHVLVWDQWGHSUHVVLRQVHHPVWREHDVDIHDQGHIIHF
WLYHRSWLRQ$VH[SHFWHG WKHUHZDVQRREVHUYDWLRQRI VLJQL¿FDQWSKDUPD
FRNLQHWLFLQWHUDFWLRQVLQWKHSUHVHQWHGFDVHVHULHVWKHFRPELQDWLRQZDVZHOO
WROHUDWHGDQGOHDGWRDUHPDUNDEOHLPSURYHPHQWRIGHSUHVVLYHV\PSWRPV
5HIHUHQFHV
5XVK$-)DYD0:LVQLHZVNL656HTXHQFHGWUHDWPHQWDOWHUQDWLYHV
WRUHOLHYHGHSUHVVLRQ67$5'UDWLRQDOHDQGGHVLJQ&RQWURO&OLQ7ULDOV

'LPHOOLV'6HURWRQLQV\QGURPHSURGXFHGE\DFRPELQDWLRQRIYHQOD
ID[LQHDQGPLUWD]DSLQH:RUOG-%LRO3V\FKLDWU\
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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4XHWLDSLQHIRUWKH7UHDWPHQWRI5DSLG&\FOLQJ%LSRODU
'HSUHVVLRQ
(GXDUG9LHWD
6SDLQ
&DODEUHVH-50DFIDGGHQ:5DLQHV60XOOHQ-
2EMHFWLYHV(YDOXDWHWKHHI¿FDF\DQGWROHUDELOLW\RITXHWLDSLQHPRQRWKHUDS\
LQWKHWUHDWPHQWRIELSRODUGHSUHVVLRQZLWKDUDSLGF\FOLQJGLVHDVHFRXUVH
0HWKRGV SDWLHQWVZLWKELSRODU , RU ,, GLVRUGHU UDSLGF\FOLQJ '60
,9 H[KLELWLQJ PRGHUDWH WR VHYHUH GHSUHVVLRQ UDQGRPL]HG WR UHFHLYH 
ZHHNV RI GRXEOHEOLQG WUHDWPHQW ZLWK ¿[HGGRVH TXHWLDSLQH  PJGD\
Q  TXHWLDSLQH  PJGD\ Q  RU SODFHER Q  ZHUH LQFOXGHG
LQ WKH HI¿FDF\ DQDO\VLV 3ULPDU\ HQGSRLQW ZDV FKDQJH IURP EDVHOLQH LQ
0$'56WRWDOVFRUH6DIHW\DVVHVVPHQWVLQFOXGHGFKDQJHIURPEDVHOLQHLQ
<056WRWDOVFRUH
5HVXOWV3DWLHQWVWUHDWHGZLWKTXHWLDSLQHPJGD\RUPJGD\KDG
D VLJQL¿FDQWO\ JUHDWHU LPSURYHPHQW LQ PHDQ0$'56 VFRUH IURP:HHN
 WR:HHN FRPSDUHGZLWKSODFHER   3 IRU
ERWK JURXSV YHUVXV SODFHER0LQLPDO FKDQJHVZHUH QRWHG RQ WKH<056
WKURXJKRXW WUHDWPHQWZLWK QRGLIIHUHQFHEHWZHHQJURXSV LQPHDQ FKDQJH
IURPEDVHOLQHWR:HHN7KHQXPEHURISDWLHQWVZLWK
WUHDWPHQWHPHUJHQWPDQLDZDV ORZ DQG VLPLODU LQ HDFK JURXS TXHWLDSLQH
PJGD\TXHWLDSLQHPJGD\RUSODFHER&RPPRQTXHWLDS
LQHDGYHUVHHYHQWVZHUHGU\PRXWKVHGDWLRQVRPQROHQFHFRQVWLSDWLRQDQG
IDWLJXH
&RQFOXVLRQV4XHWLDSLQHPRQRWKHUDS\PJGD\RUPJGD\LVVLJ
QL¿FDQWO\PRUHHIIHFWLYHWKDQSODFHERDQGLVZHOOWROHUDWHGIRUWKHWUHDWPHQW
RISDWLHQWVZLWKUDSLGF\FOLQJELSRODUGHSUHVVLRQ
5HIHUHQFHV
.XSND5:/XFNHQEDXJK'$3RVW50/HYHULFK*61ROHQ:$5DSLG
DQGQRQUDSLGF\FOLQJELSRODUGLVRUGHUDPHWDDQDO\VLVRIFOLQLFDOVWXGLHV-
&OLQ3V\FKLDWU\
9LHWD(3DUUDPRQ*3DGUHOO(1LHWR(0DUWLQH]$UDQ$&RUEHOOD%
&RORP)5HLQDUHV0*RLNROHD-07RUUHQW&4XHWLDSLQHLQWKHWUHDWPHQW
RIUDSLGF\FOLQJELSRODUGLVRUGHU%LSRODU'LVRUG
6XSSRUWHGE\DJUDQWIURP$VWUD=HQHFD
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(IIHFWVRI4XHWLDSLQHRQ³5HVWULFWHG7KLQNLQJ´DQG
³5XPLQDWLRQ´LQ'HSUHVVLRQ
0DUWLQ:HEHU
'HSDUWPHQWRI3V\FKLDWU\,8QLYHUVLW\RI8OP*HUPDQ\
0DUWLQ-DQGO:ROIJDQJ3.DVFKND
2EMHFWLYHV7KHSV\FKRSDWKRORJLFDOV\PSWRPVRIGHSUHVVLYHSDWLHQWVRIWHQ
LQFOXGH UHVWULFWHG WKLQNLQJ WRJHWKHUZLWKPRUHRU OHVVPDUNHG DQG FHDVH
OHVV RFFXSDWLRQ ZLWK WKRXJKWV ZLWK GHSUHVVLYH FRQWHQW UXPLQDWLRQ 7KH
REMHFWLYHRIWKLVFDVHVWXG\LVWKHLQYHVWLJDWLRQRIWKHHIIHFWVRIFRQFRPLWDQW
PHGLFDWLRQZLWK WKH DW\SLFDO DQWLSV\FKRWLF GUXJ TXHWLDSLQH 6HURTXHO RQ
WKRVHWDUJHWV\PSWRPV
0HWKRGVLQSDWLHQWVVXIIHULQJIURPGHSUHVVLRQPIDJHG
\HDUV0 ZLWKVHYHUHGHSUHVVLYHHSLVRGH,&')RU)
DQG WKH V\PSWRPV ³UHVWULFWHG WKLQNLQJ´ DQG ³UXPLQDWLRQ´ LQ DFFRUGDQFH
ZLWKWKH³$UEHLWVJHPHLQVFKDIWIU0HWKRGLNXQG'RNXPHQWDWLRQLQGHU3V\
FKLDWULH´ $0'3 FULWHULDZHUH FRQVHFXWLYHO\ LQFOXGHG LQ WKLV FDVH VWXG\
,Q DGGLWLRQ WR DQWLGHSUHVVLYH PHGLFDWLRQ WKH\ ZHUH JLYHQ FRQFRPLWDQW
WUHDWPHQWZLWKTXHWLDSLQH WDUJHWGRVHPJG IRU WKHGXUDWLRQRI
ZHHNV0 :HHNO\DOOSDWLHQWVZHUHUDWHGE\WKH$0'30DQXDO WKH
5XPLQDWLRQRQ6DGQHVV6FDOH566WKH+DPLOWRQ'HSUHVVLRQ5DWLQJ6FDOH
+'56WKH%HFN'HSUHVVLRQ,QYHQWRU\%',DQGWKH6FDOHIRU([WUDS\
UDPLGDO6LGH(IIHFWV6(36,QDGGLWLRQWKHVHUXPSURODFWLQFRQFHQWUDWLRQ
DQGERG\ZHLJKWZHUHUHFRUGHGHDFKZHHN
5HVXOWVRISDWLHQWVUHVSRQGHGZHOOWRTXHWLDSLQHZLWKUHVSHFWWRUHGXF
WLRQVLQWKH566VXPVFRUHDQGLQWKH$0'3FKDUDFWHULVWLFV³UXPLQDWLRQ´
DQG³UHVWULFWHGWKRXJKW´7KHUHVSRQVHZDVLQDGHTXDWHLQWKUHHSDWLHQWV7KH
WLPHFRXUVHRIWKH566YDOXHZDVFORVHO\FRUUHODWHGZLWKWKHGHJUHHRIWKH
FKDUDFWHULVWLFV³UXPLQDWLRQ´DQG³UHVWULFWHG WKRXJKW´7KHVHUXPSURODFWLQ
FRQFHQWUDWLRQLQFUHDVHGGXULQJWKHFRXUVHRIWUHDWPHQWIURP0 QJPO
WR0 QJPO7KHDYHUDJHZHLJKWLQFUHDVHGE\NJ7HPSRUDU\DQG
PLOGH[WUDS\UDPLGDOV\PSWRPVZHUHRQO\REVHUYHGLQDVLQJOHSDWLHQW
&RQFOXVLRQV &RQFRPLWDQWPHGLFDWLRQZLWK TXHWLDSLQH FRPSOHPHQWDU\ WR
DQWLGHSUHVVLYHWUHDWPHQWFDQFRQWULEXWHWRDUHPLVVLRQLQSV\FKRSDWKRORJLFDO
V\PSWRPV7KHUHVXOWVRIWKLVSLORWVWXG\VKRXOGHQFRXUDJHWKHSHUIRUPDQFH
RIIXWXUHVWXGLHVGHDOLQJZLWKWKHVSHFL¿FHIIHFWRITXHWLDSLQHDVDFRPHGL
FDWLRQDGGHGWRGLIIHUHQWDQWLGHSUHVVDQWV
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3URSK\ODFWLF(IIHFWRI9DOSURDWHLQWKH7UHDWPHQWIRU6LEOLQJV
ZLWK&DWDWRQLDDO
$NLUD0RQML
.\XVKX8QLYHUVLW\-DSDQ
,FKLUR<RVKLGD6DGD\XNL+DVKLRND6KLJHQREX.DQED
0DVDWRVKL,WR
9DOSURDWH 93$ LV RQH RI WKH PRVW IUHTXHQWO\ SUHVFULEHG DQWLFRQYXOVDQW
GUXJV IRU WKH WUHDWPHQW RI JHQHUDOL]HG HSLOHSV\93$ LV DOVRXVHGERWK DV
DPRRGVWDELOL]HUVLPLODUWROLWKLXPIRUWKHWUHDWPHQWRIELSRODUGLVRUGHUV
DQGDVD¿UVWOLQHDGMXQFWLYHDJHQWIRUWKHWUHDWPHQWRIVFKL]RSKUHQLD>@,W
KDVUHFHQWO\EHHQUHSRUWHGWKDWVRPHRIWKHVLQJOHFOLQLFDOVWXGLHVRI93$DV
DQDGGLWLRQDO WUHDWPHQWFRPELQHGZLWKDQWLSV\FKRWLFVVKRZHGLQFRQVLVWHQW
EHQH¿FLDOHIIHFWVRQVRPHDVSHFWVRIWKHUHVSRQVHEXWQRRYHUDOOVXSHULRULW\
RI93$DXJXPHQWDWLRQDWWKHHQGSRLQWRIWKHVWXG\ZDVVKRZQ>@+RZHYHU
WKH FOLQLFDO HI¿FDF\ RI93$ LVOLPLWHG WR LWV DELOLW\ WR LPSURYH DFXWH SV\
FKRWLFV\PSWRPVVXFKDVKRVWLOLW\DJJUHVVLRQRIVFKL]RSKUHQLDZKLOHOLWWOH
LVNQRZQDERXWLWVORQJWHUPHI¿FDF\>@:HKHUHLQUHSRUWVLELOLQJVZLWK
FDWDWRQLDZKRVKRZHGSRRUUHVSRQVHHLWKHUWRQHXUROHSWLFVFDUEDPD]HSLQH
RUEHQ]RGLD]HSLQHVEXWZHUHVXFFHVVIXOO\WUHDWHGZLWK93$7RRXUNQRZO
HGJHWKLVLVWKH¿UVWUHSRUWGHVFULELQJDORQJSURSK\ODFWLFHIIHFWRI93$RQ
SDWLHQWVVXIIHULQJIURPFDWDWRQLD
&DVH5HSRUW7KHVLEOLQJVKDGQRSDVWKLVWRULHV7KHLUPDWHUQDOXQFOHKDG
EHHQGLDJQRVHGWRKDYHVRPHNLQGRISV\FKLDWULFGLVHDVHZKRVHGHWDLOVZHUH
XQNQRZQ
7KHHOGHUEURWKHU
$\HDUROGPDQZKRKDGEHHQGLDJQRVHGWRKDYHFDWDWRQLFVFKL]RSKUHQLD
DFFRUGLQJ WR ,&'KDGEHHQDGPLWWHGRQDYHUDJH WZLFH\HDUO\ IRUSV\
FKRWLFHSLVRGHVVLQFH\HDUVRIDJH7KHDFXWHSKDVHVZHUHFKDUDFWHUL]HG
E\ZDQGHULQJZLWKGHOXVLRQPRWRUH[FLWHPHQWLPSXOVLYHDJJUHVVLRQLP
SXOVLYHEHKDYLRUEL]DUUHEHKDYLRUDQGQHJDWLYLVP+HKDGEHHQWUHDWHGXQ
VXFFHVVIXOO\ZLWKKDORSHULGROPD[+3'PJGD\FKORUSURPD]LQHPD[
&3PJGD\OHYRPHSURPD]LQHPD[/3PJGD\DQGFDUEDPD]HSLQH
PD[&%=PJGD\GXULQJSUHYLRXVKRVSLWDOL]DWLRQV$W\HDUVRIDJH
93$ PJGD\SODVPD OHYHOXJPOZDV DGPLQLVWHUHG IRU WKH¿UVW
WLPH+LVSV\FKRWLFV\PSWRPVGLVDSSHDUHGZLWKLQDERXWGD\V7KHUHDIWHU
QRUHODSVHRIWKHSV\FKRWLFV\PSWRPVKDYHEHHQREVHUYHGIRUPRUHWKDQ
\HDUVXSXQWLOWKHSUHVHQWWLPH
7KH\RXQJHUEURWKHU
$\HDUROGPDQZKRKDGEHHQGLDJQRVHGWRKDYHFDWDWRQLFVFKL]RSKUH
QLDDFFRUGLQJ WR ,&'KDGEHHQDGPLWWHGRQDYHUDJH WZLFH\HDUO\ IRU
SV\FKRWLFHSLVRGHV7KHDFXWHSKDVHVZHUHFKDUDFWHUL]HGE\ZDQGHULQJZLWK
GHOXVLRQPRWRUH[FLWHPHQWLPSXOVLYHDJJUHVVLRQLPSXOVLYHEHKDYLRUDQG
EL]DUUHEHKDYLRU+HKDGEHHQWUHDWHGXQVXFFHVVIXOO\ZLWKW\SLFDODQWLSV\
FKRWLFV GXULQJ SUHYLRXV KRVSLWDOL]DWLRQV DQG KDG EHHQPLQLPDOO\ VHGDWHG
ZLWKXSWRPJGD\RI+3'ZLWK&3PD[PJGD\/3PD[
PJGD\GLD]HSDPPD[PJGD\DQG]RWHSLQH
PD[PJGD\$W\HDUVRIDJH93$PJGD\SODVPDOHYHO
XJOZDVDGPLQLVWHUHGIRUWKH¿UVWWLPH:LWKLQDERXWGD\VKLVSV\FKRWLF
V\PSWRPV GLVDSSHDUHG7KHUHDIWHU QR UHODSVH RI WKH SV\FKRWLF V\PSWRPV
KDVEHHQREVHUYHGIRUPRUHWKDQ\HDUVXSXQWLOWKHSUHVHQWWLPH
5HIHUHQFHV
%UDLQ:5 7KHSK\VLRORJLFDO EDVLV RI FRQVFLRXVQHVV$ FULWLFDO UH
YLHZ%UDLQ
.XKOHQEHFN+ 7KHKXPDQGLHQFHSKDORQV$ VXPPDU\RIGHYHORS
PHQWVWUXFWXUHIXQFWLRQDQGSDWKRORJ\.DUJHU%DVHO
7HXEHU+O7KHULGGOHRIIURQWDOOREHIXQFWLRQLQPDQ,Q:DUUHQ7
$NHUW &+ HGV 7KH IURQWDO DQG JUDQXODU FRUWH[ DQG EHKDYLRXU0F*UDZ
+LOO1HZ<RUNSS
039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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*HQGHU'LIIHUHQFHLQ$QWLGHSUHVVDQW(IIHFWRI)OXYR[DPLQH
DQG0LOQDFLSUDQ
.HL]R<RVKLGD
'HSDUWPHQWRI3V\FKLDWU\$NLWD8QLYHUVLW\6FKRRORI0HGLFLQH
-DSDQ
6KLQJR1DLWR.D]XKLUR6DWR+LWRVKL7DNDKDVKL+LVDVKL+LJXFKL
2EMHFWLYHV ,W KDV QRW EHHQ FRQ¿UPHGZKHWKHU JHQGHU DQG DJH DIIHFW WKH
FOLQLFDO HIIHFW RI GLIIHUHQW FODVVHV RI DQWLGHSUHVVDQWV 7KH SXUSRVH RI WKH
SUHVHQWVWXG\ZDVWRGHWHUPLQHZKHWKHUWKHDQWLGHSUHVVDQWHIIHFWRIÀXYR[
DPLQHDVHOHFWLYHVHURWRQLQUHXSWDNHLQKLELWRUDQGPLOQDFLSUDQDVHURWRQLQ
QRUDGUHQDOLQHUHXSWDNHLQKLELWRUGHSHQGVRQJHQGHUDQGRUDJH
0HWKRGV3DWLHQWVZKRIXO¿OOHG'60,9FULWHULDIRUDGLDJQRVLVRIPDMRU
GHSUHVVLYHGLVRUGHUDQGZKRVHVFRUHVRQ WKH0RQWJRPHU\$VEHUJGHSUHV
VLRQUDWLQJVFDOHZHUHRUKLJKHUZHUHLQFOXGHGLQWKLVVWXG\7KHSDWLHQWV
ZHUH\HDUVRIDJHDQGKDGEHHQIUHHRISV\FKRWURSLFGUXJVIRUDWOHDVW
GD\VEHIRUHHQWU\LQWRWKHVWXG\)LIW\IRXUSDWLHQWVUHFHLYHGÀXYR[DPLQH
DQGSDWLHQWVUHFHLYHGPLOQDFLSUDQ
5HVXOWV 3DWLHQWV ZHUH GLYLGHG LQWR WKUHH JURXSV PDOH \RXQJHU IHPDOH
DJHZHUHRUORZHUDQGROGHUIHPDOHDJHZHUHRUKLJKHU,QFRP
SDULVRQZLWKRWKHUJURXSVWKH\RXQJHUIHPDOHJURXSGHPRQVWUDWHGVXSHULRU
LPSURYHPHQW LQ WKHÀXYR[DPLQH WUHDWPHQW LQ WKH WLPHFRXUVHRI0$'56
VFRUHGLIIHUHQFHVEHWZHHQEDVHOLQHDQGHDFKHYDOXDWLRQSRLQW+RZHYHUWKLV
JHQGHUDJHUHODWHGGLIIHUHQFHRIDQWLGHSUHVVDQWHIIHFWZDVQRWREVHUYHG LQ
WKHPLOQDFLSUDQWUHDWPHQW
&RQFOXVLRQV 7KLV VWXG\ VXJJHVWV WKDW ÀXYR[DPLQH QRW PLOQDFLSUDQ LV
PRUHHIIHFWLYHLQ\RXQJHUIHPDOHSDWLHQWVLQWKHWUHDWPHQWRIPDMRUGHSUHV
VLYHGLVRUGHU
5HIHUHQFHV
&RKHQ/6*HQGHUVSHFL¿FFRQVLGHUDWLRQVLQWKHWUHDWPHQWRIPRRG
GLVRUGHUVLQZRPHQDFURVVWKHOLIHF\FOH-&OLQ3V\FKLDWU\VXSSOH

+LOGHEUDQGW0*6WH\HUEHUJ(:6WDJH.%$UHJHQGHUGLIIHUHQFHV
LPSRUWDQWIRUWKHFOLQLFDOHIIHFWVRIDQWLGHSUHVVDQWV"$P-3V\FKLDWU\

0RULVKLWD6$ULWD6'LIIHUHQWLDOHIIHFWVRIPLOQDFLSUDQÀXYR[DPLQH
DQG SDUR[HWLQH IRU GHSUHVVLRQ HVSHFLDOO\ LQ JHQGHU (XU 3V\FKLDWU\ 

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9HQODID[LQHYHUVXV3ODFHERLQ0RGHUDWHRU6HYHUH0DMRU
'HSUHVVLRQ
-HII0XVJQXQJ
:\HWK5HVHDUFK&ROOHJHYLOOH3HQQV\OYDQLD86$
5LFKDUG(QWVXDK:LOIULGR2UWHJD/HyQ5DM7XPPDOD
6DHHG$KPHG
2EMHFWLYHV7RFRPSDUHWUHDWPHQWUHVSRQVHZLWKYHQODID[LQHDQGSODFHERLQ
SDWLHQWVZLWKPRGHUDWHRUVHYHUHPDMRUGHSUHVVLRQ
0HWKRGV'DWDZHUHSRROHGIURPPXOWLFHQWHUUDQGRPL]HGGRXEOHEOLQG
SODFHERFRQWUROOHG VWXGLHV RI YHQODID[LQH IRU WKH WUHDWPHQW RI SDWLHQWV
ZLWKPDMRUGHSUHVVLYHGLVRUGHU0''6\PSWRPVZHUHDVVHVVHGZLWKWKH
LWHP +DPLOWRQ 5DWLQJ 6FDOH IRU 'HSUHVVLRQ +$0' DQG SDWLHQWV
ZHUHVHSDUDWHGLQWRJURXSVE\ZD\RIDPHGLDQVSOLWEDVHGRQSUHWUHDW
PHQW+$0'VFRUHV7KHSULPDU\HQGSRLQWZDVUHPLVVLRQRIV\PSWRPV
+$0'VFRUH$QDO\VLVRIUHPLVVLRQUDWHVZDVFRQGXFWHGXVLQJWKH
)LVKHUH[DFWWHVWRQGDWDIURPWKHLQWHQWWRWUHDW,77VDPSOHGH¿QHGDVDOO
SDWLHQWVZKRKDGDWOHDVWGRVHRIVWXG\PHGLFDWLRQDQGDWOHDVWSRVWEDVH
OLQHHI¿FDF\HYDOXDWLRQ%RWKODVWREVHUYDWLRQFDUULHGIRUZDUG/2&)DQG
REVHUYHGFDVHV2&GDWDZHUHDQDO\]HG
5HVXOWV 7KHPHGLDQ EDVHOLQH +$0' VFRUH ZDV  3DWLHQWV UHFHLYHG
YHQODID[LQH Q  RU SODFHER Q  $W HQGSRLQW ZHHN  IRU
SDWLHQWVZLWKPRGHUDWHGHSUHVVLRQEDVHOLQH+$0'VFRUHV/2&)
UHPLVVLRQUDWHVIRUYHQODID[LQHDQGSODFHERZHUHDQGUHVSHFWLYHO\
3 )RU SDWLHQWVZLWK VHYHUH GHSUHVVLRQ EDVHOLQH+$0' VFRUH
!/2&)UHPLVVLRQUDWHV IRUYHQODID[LQHYHUVXVSODFHERZHUHDQG
 UHVSHFWLYHO\ 3$QDO\VLV RI2&GDWD VKRZHG VLPLODU UHVXOWV
UHPLVVLRQUDWHVIRUSDWLHQWVZLWKPRGHUDWHGHSUHVVLRQZHUHIRUYHQOD
ID[LQHDQGIRUSODFHER3DQGIRUSDWLHQWVZLWKVHYHUHGHSUHV
VLRQZHUHIRUYHQODID[LQHDQGIRUSODFHER39HQODID[LQH
VKRZHGVWDWLVWLFDOO\VLJQL¿FDQWGLIIHUHQFHVLQUHPLVVLRQUDWHVYHUVXVSODFHER
EHJLQQLQJDWZHHN/2&)DQG2&GDWDDQDO\VHVLQERWKPRGHUDWHO\DQG
VHYHUHO\GHSUHVVHGSDWLHQWV
&RQFOXVLRQV ,Q SDWLHQWVZLWK GHSUHVVLRQ FODVVL¿HG DV HLWKHUPRGHUDWH RU
VHYHUHDVGH¿QHGE\DSRVWKRFDQDO\VLVRIEDVHOLQH+$0'VFRUHVWUHDW
PHQWZLWK YHQODID[LQHZDV DVVRFLDWHGZLWK VLJQL¿FDQWO\ KLJKHU UHPLVVLRQ
UDWHVWKDQSODFHERVWDUWLQJDWZHHN
32
3RVWHU6HVVLRQ1R
32
(VFLWDORSUDPLQWKH7UHDWPHQWRI*HQHUDOLVHG$Q[LHW\
'LVRUGHU
'DYLG6%DOGZLQ
&OLQLFDO1HXURVFLHQFH'LYLVLRQ8QLYHUVLW\RI6RXWKDPSWRQ8.
$QQD.7UDS+XXVRP(OL0 KOXP
2EMHFWLYHV7KH HI¿FDF\ DQG WROHUDELOLW\RI HVFLWDORSUDP LQ WKH WUHDWPHQW
RIJHQHUDOLVHGDQ[LHW\GLVRUGHU *$'ZHUHFRPSDUHG LQDZHHN UDQ
GRPLVHGSODFHERFRQWUROOHG¿[HGGRVHVWXG\XVLQJSDUR[HWLQHDVDQDFWLYH
UHIHUHQFH
0HWKRGV3DWLHQWV\HDUVROGZLWKD'60,975GLDJQRVLVRI*$'
ZHUH UDQGRPO\DVVLJQHG WRGRXEOHEOLQG WUHDWPHQWZLWKSODFHER 1 
HVFLWDORSUDPPJGD\1 PJGD\1 RUPJGD\1 
RUSDUR[HWLQHPJGD\1 
5HVXOWV3DWLHQWVZHUHSUHGRPLQDQWO\ZRPHQKDGDPHDQDJHRI
\HDUV DQGDPHDQ+DPLOWRQ$Q[LHW\6FDOH +$0$ WRWDO VFRUHRIDW
EDVHOLQH$SSUR[LPDWHO\ RI WKH  SDWLHQWV FRPSOHWHG ZHHNV RI
WUHDWPHQW$ VLJQL¿FDQWO\EHWWHU WKHUDSHXWLF HIIHFWEDVHGRQPHDQFKDQJH
IURPEDVHOLQHLQ+$0$WRWDOVFRUHDW:HHNZDVVHHQIRUERWKPJDQG
PJHVFLWDORSUDPWKDQIRUSODFHERSHVFLWDORSUDPPJZDVDOVR
VLJQL¿FDQWO\SPRUHHIIHFWLYHWKDQSDUR[HWLQHPJ
7KHSURSRUWLRQRISDWLHQWVLQUHPLVVLRQ+$0$ DW:HHNZDVVWD
WLVWLFDOO\VLJQL¿FDQWO\JUHDWHULQWKHHVFLWDORSUDPPJPJ
DQG PJ  JURXSV WKDQ LQ WKH SODFHER  JURXS S DQG
VLJQL¿FDQWO\JUHDWHULQWKHHVFLWDORSUDPPJJURXSWKDQLQWKHSDUR[HWLQH
PJJURXSS
7KH LQFLGHQFH RI WUHDWPHQWHPHUJHQW DGYHUVH HYHQWV ZDV VLPLODU DFURVV
WUHDWPHQWJURXSV7KHWUHDWPHQWHPHUJHQWDGYHUVHHYHQWVWKDWZHUHUHSRUWHG
ZLWKDQLQFLGHQFH!LQDWOHDVWRQHWUHDWPHQWJURXSZHUHQDXVHDIDWLJXH
KHDGDFKHLQVRPQLDDQGDQRUJDVPLD
&RQFOXVLRQV (VFLWDORSUDP  DQG PJGD\ ZDV HI¿FDFLRXV DQG ZHOO
WROHUDWHG LQ WKHZHHN WUHDWPHQW RI*$'(VFLWDORSUDPPJZDV DOVR
VLJQL¿FDQWO\PRUHHIIHFWLYHWKDQSDUR[HWLQHPJ
32
=LSUDVLGRQH(IILFDF\DQG6DIHW\LQ$FXWH%LSRODU0DQLD
:HHN6WXG\
6WHSKHQ0XUUD\
3¿]HU,QF1HZ<RUN1<86$
7DQ\D65DPH\(DUO/*LOOHU3DWULFLD(QJOLVK
5REHUW5LHVHQEHUJ-LWHQGUD.7ULYHGL9ODGLPLU$7RFKLORY
2EMHFWLYHV7RHVWDEOLVK]LSUDVLGRQH¶V VXSHULRUHI¿FDF\YHUVXVSODFHER LQ
WUHDWPHQWRIELSRODUPDQLDDWZHHNVDQGWRHYDOXDWHZHHNPDLQWHQDQFH
RIHIIHFWIRU]LSUDVLGRQHDQGKDORSHULGRO
0HWKRGVELSRODUVXEMHFWVFXUUHQWHSLVRGHPDQLFRUPL[HGZHUHUDQG
RPL]HGWRZHHNV¶ÀH[LEO\GRVHG]LSUDVLGRQH±PJ%,'KDORSHULGRO
±PJ%,'RUSODFHER3ODFHERVXEMHFWVZHUHUHDVVLJQHGWR]LSUDVLGRQH
DIWHU:HHNDQGZHUHHYDOXDWHG IRU VDIHW\RQO\6XEMHFWV UDQGRPL]HG WR
]LSUDVLGRQH RU KDORSHULGRO UHFHLYHG WUHDWPHQW IRU ZHHNV 3ULPDU\ HI
¿FDF\PHDVXUH056PHDQFKDQJHIURPEDVHOLQHWR:HHN0DLQWHQDQFHRI
HIIHFWSHUFHQWRI:HHNUHVSRQGHUVZKRZHUH:HHNUHVSRQGHUV
5HVXOWV =LSUDVLGRQH ZDV VXSHULRU WR SODFHER DW :HHN  LQ ERWK /2&)
3 DQG2& 3 DQDO\VHV RIPHDQ056 FKDQJH =LSUDVLGRQH¶V
HIIHFWZDV VLJQL¿FDQW DV HDUO\DV'D\ DQGZDVPDLQWDLQHG WRHQGSRLQW
039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
RI:HHN]LSUDVLGRQHUHVSRQGHUVZHUHVWLOOUHVSRQGHUVDW:HHN
HTXLYDOHQW WR KDORSHULGRO =LSUDVLGRQH JURXS KDG ORZHU UDWHV RI (36 DW
:HHNDQGRYHUDOOORZHUUDWHVRIDGYHUVHHYHQWVYHUVXVKDORSHULGRO
&RQFOXVLRQV =LSUDVLGRQH HIIHFWLYHO\ WUHDWHG VXEMHFWV ZLWK ELSRODUPDQLD
DQGPDLQWDLQHG HI¿FDF\ WKURXJKRXW ZHHN VWXG\ =LSUDVLGRQHZDV VDIH
DQGZHOO WROHUDWHGZLWK ORZHU UDWHVRI DGYHUVH HYHQWV DQG(36 WKDQ VHHQ
ZLWKKDORSHULGRO
32
(IILFDF\RI=LSUDVLGRQHLQ'\VSKRULF0DQLD
6WHSKHQ0XUUD\
3¿]HU,QF1HZ<RUN1<86$
-RKQ=DMHFND7DQ\D65DPH\)UDQFLQH0DQGHO
2EMHFWLYHV7RHYDOXDWHHI¿FDF\RI]LSUDVLGRQHPJ%,'LQSDWLHQWV
ZLWKELSRODUPDQLDZKRDOVRH[KLELWHGG\VSKRULDDWEDVHOLQH
0HWKRGV 'DWD ZHUH SRROHG IURP  VLPLODU UDQGRPL]HG GRXEOHEOLQG
ZHHNSODFHERFRQWUROOHGWULDOVDQGWKH¿UVWZHHNVRIDWKLUGVWXG\FRP
SDULQJ]LSUDVLGRQHDQGKDORSHULGROZLWKSODFHER'\VSKRULDZDVGH¿QHGDV
VFRUHVRQRIWKH6$'6&LWHPVDQG
5HVXOWV2QWKH6$'6&0DQLD5DWLQJ6FDOH056WKHSULPDU\HI¿FDF\
YDULDEOHLPSURYHPHQWZLWK]LSUDVLGRQHQ ZDVUDSLGDQGVLJQL¿FDQWO\
JUHDWHU WKDQ ZLWK SODFHER Q  DW DOO YLVLWV VWDUWLQJ DW 'D\  /2&)
S"+DORSHULGROQ ZDVVXSHULRUWRSODFHERSDW'D\VDQG
2Q&*,6]LSUDVLGRQHZDVVXSHULRU WRSODFHERDWDOOYLVLWVVWDUWLQJDW
'D\SKDORSHULGROZDVVXSHULRUDW'D\RQO\S2Q+$0
' 6$'6& H[WUDFWHG VLJQL¿FDQW LPSURYHPHQW ZLWK ]LSUDVLGRQH YHUVXV
SODFHERRFFXUUHGDW'D\S =LSUDVLGRQHEXWQRWKDORSHULGROGHP
RQVWUDWHGVLJQL¿FDQWLPSURYHPHQWYHUVXVSODFHERSLQ0560DQLF
6\QGURPH 'D\V   HQGSRLQW DQG%HKDYLRU DQG ,GHDWLRQ VXEVFDOHV
'D\RQ3$1667RWDODQG3RVLWLYHDQG*$)VFRUHVHQGSRLQW
&RQFOXVLRQV ,QSDWLHQWVZLWKG\VSKRULFPDQLD ]LSUDVLGRQHGHPRQVWUDWHG
UDSLGV\PSWRPFRQWURODQGUHGXFWLRQRI LOOQHVVVHYHULW\ZLWKVLJQL¿FDQWO\
LPSURYHGRYHUDOOIXQFWLRQLQJ
32
=LSUDVLGRQH/RQJWHUP(IILFDF\LQ%LSRODU0DQLD6XEJURXSV
6WHSKHQ0XUUD\
3¿]HU,QF1HZ<RUN1<86$
/HZLV:DUULQJWRQ6WHYHQ*3RWNLQ.DWKOHHQ,FH&\QWKLD6LX
2EMHFWLYHV7RHYDOXDWH ]LSUDVLGRQH¶V ORQJWHUPHI¿FDF\ LQ FOLQLFDOO\ UHO
HYDQWVXESRSXODWLRQVZLWKDFXWHELSRODUPDQLD
0HWKRGV =LSUDVLGRQHWUHDWHG FRPSOHWHUV RI D GD\ SODFHERFRQWUROOHG
WULDORIDFXWHELSRODUPDQLD1 ZHUHHQUROOHGLQDZHHNRSHQODEHO
H[WHQVLRQ RI ÀH[LEO\GRVHG ]LSUDVLGRQH ± PJG (I¿FDF\ PHDVXUHV
LQFOXGHG FKDQJH IURP FRUH EDVHOLQH LQ 0DQLD 5DWLQJ 6FDOH 056 DQG
&*,±6DVZHOODV056UHVSRQGHUUDWHVFKDQJHIURPFRUHEDVHOLQH
LQVXESRSXODWLRQVZLWKPDQLFQ RUPL[HGQ HSLVRGHVZLWKQ 
RUZLWKRXWQ SV\FKRWLFV\PSWRPV
5HVXOWV0HDQFKDQJH LQ056DW ODVWYLVLW /2&)ZDV3
IRUPDQLFDQG3IRUPL[HGVXEMHFWVEDVHOLQHDQG
UHVSHFWLYHO\5HVSHFWLYH&*,±6FKDQJHVFRUHVZHUH3DQG
3EDVHOLQHDQGUHVSHFWLYHO\056DQG&*,±6FKDQJHV
ZHUH FRPSDUDEOH IRU VXEMHFWVZLWK DQGZLWKRXW EDVHOLQH SV\FKRWLF V\PS
WRPV5HVSRQGHUUDWHVZHUHLQPDQLFLQPL[HGLQSV\FKRWLF
DQGLQQRQSV\FKRWLFVXEMHFWV/RQJWHUPLPSURYHPHQWREVHUYHGZLWKLQ
VXESRSXODWLRQVZDVFRPSDUDEOHWRWKDWREVHUYHGLQRYHUDOOVWXG\SRSXODWLRQ
2YHUDOOPHGLDQGRVDJHZDVPJG
&RQFOXVLRQV ,Q WKLV ORQJWHUPH[WHQVLRQ VWXG\RI VXEMHFWVZLWKDFXWHEL
SRODUPDQLD]LSUDVLGRQHGHPRQVWUDWHGVXVWDLQHGDQGFRPSDUDEOHLPSURYH
PHQWVLQV\PSWRPVDQGJOREDOLOOQHVVVHYHULW\ZKHWKHUEDVHOLQHHSLVRGHZDV
PDQLFRUPL[HGRULQYROYHGSV\FKRWLFV\PSWRPV
32
&LWDORSUDP0RGXODWHV1HXURQDO5HVSRQVHWR)DFLDO
([SUHVVLRQV
&ULVWLQD'HO%HQ
3V\FKLDWU\'LYLVLRQ0HGLFDO6FKRRORI5LEHLUmR3UHWR8QLYHUVLW\
RI6mR3DXOR%UD]LO
6KDQH0FNLH5HEHFFD(OOLRW6WHYH:LOOLDPV%LOO'HDNLQ
,DQ$QGHUVRQ
2EMHFWLYHV7KHDLPRIWKLVVWXG\ZDVWRYHULI\WKHHIIHFWVRIWKHVHOHFWLYH
VHURWRQLQUHXSWDNHLQKLELWRUFLWDORSUDPRQWKHPRGXODWLRQRIIDFLDOHPRWLRQ
SURFHVVLQJXVLQJEORRGR[\JHQOHYHOGHSHQGHQW%2/'I05,
0HWKRGVKHDOWK\PDOHVPHDQDJH UDQJHGEHWZHHQDQG
\HDUVZHUHUHFUXLWHG6XEMHFWVFRPSOHWHGWZRI05,VFDQQLQJVHVVLRQV
HDFKVHSDUDWHGE\DWOHDVWGD\VLQDUDQGRPLVHGEDODQFHGRUGHUVLQJOH
EOLQGGHVLJQ ,PDJHVZHUHDFTXLUHGRQD3KLOOLSV7*\URVFDQPDFKLQH
XVLQJVLQJOHVKRWHFKRSODQDUVHTXHQFHV$FLWDORSUDPRUSODFHERLQIXVLRQ
PJRYHUPLQXWHVZDVJLYHQPLQXWHVEHIRUHWKHWDVN
)DFHUHFRJQLWLRQWDVN6XEMHFWVZHUHSUHVHQWHGZLWKSLFWXUHVRIIDFHVIURP
WKH3LFWXUHVRI)DFLDO$IIHFW6HULHV(NPDQDQG)ULHVHQ7KHIROORZ
LQJW\SHVRIDIIHFWZHUHSUHVHQWHGQHXWUDO$DQJHU%GLVJXVW&DQG
IHDU'(LJKWSLFWXUHVRIHDFKHPRWLRQZHUHSUHVHQWHGIRUVHFRQGVZLWK
DQ LQWHUYDO RI  VHFRQGV EHWZHHQ SUHVHQWDWLRQV (DFK EORFN ODVWHG 
VHFRQGVSUHVHQWHGLQDQ$%$&$'$%$&$'GHVLJQ8VLQJDEXWWRQER[
VXEMHFWVZHUH DVNHG WR LGHQWLI\ WKHJHQGHURI WKH IDFHVQRW WRGHVFULEHRU
IRFXVRQWKHHPRWLRQSLFWXUHG
'DWD ZHUH DQDO\VHG XVLQJ 6WDWLVWLFDO 3DUDPHWULF 0DSSLQJ  630
)ULVWRQHWDO:HOOFRPH'HSDUWPHQWRI&RJQLWLYH1HXURORJ\ZLWKDUDQGRP
HIIHFWVPRGHO)LUVWOHYHODQDO\VLVZDVSHUIRUPHGRQHDFKVXEMHFWXVLQJWKH
JHQHUDOOLQHDUPRGHOWRJHQHUDWHDVLQJOHPHDQLPDJHFRUUHVSRQGLQJWRHDFK
H[SHULPHQW7KHVH LPDJHVZHUHFRPELQHG LQD VHFRQGOHYHOXVLQJDRQH
ZD\$129$WRLQYHVWLJDWHWKHPDLQHIIHFWRIWKHWDVN7KHPDLQHIIHFWZDV
XVHGDVDQLQFOXVLYHPDVNWRH[DPLQHZKLFKRIWKHUHJLRQVUHVSRQVLYHWRWKH
WDVNVKRZHGDVLJQL¿FDQWPRGXODWLRQE\WKHGUXJUHODWLYHWRSODFHER
5HVXOWV$QJU\IDFHVZHUHDVVRFLDWHGWRLQFUHDVHGKDHPRG\QDPLFUHVSRQVHV
LQULJKWIURQWDOFRUWH[ELODWHUDOWHPSRUDOFRUWH[ELODWHUDOIXVLIRUPJ\UXVDQG
ULJKW RFFLSLWDO FRUWH[1R HIIHFWV RI FLWDORSUDPZHUH REVHUYHG'LVJXVWHG
IDFHVFDXVHGELODWHUDOQHXURQDO DFWLYDWLRQ LQGRUVRODWHUDOSUHIURQWDO FRUWH[
'/3)&LQVXODWHPSRUDOFRUWH[RFFLSLWDOFRUWH[WKDODPLDP\JGDOHDQG
SXWDPHQ &LWDORSUDP HQKDQFHG WKH DFWLYDWLRQ LQ OHIW '/3)& OHIW LQVXOD
ELODWHUDORFFLSLWDOFRUWH[ULJKWWKDODPXVDQGULJKWSXWDPHQZKHUHDVDWWHQX
DWHG WKHDFWLYDWLRQ LQ WKHULJKW WHPSRUDOFRUWH[DQG OHIWDP\JGDOD)HDUIXO
IDFHVDFWLYDWHGELODWHUDORUELWRIURQWDO2)&WHPSRUDODQGRFFLSLWDOFRUWLFHV
DQGXQFXVH[WHQGLQJWRDP\JGDOH&LWDORSUDPDWWHQXDWHGWKHKDHPRGLQDPLF
UHVSRQVHLQULJKWDP\JGDOD
&RQFOXVLRQV 7KHVH UHVXOWV VXSSRUW D K\SRWKHVLV WKDW VHURWRQLQ FULWLFDOO\
PRGXODWHVLQFLGHQWDOUHVSRQVHVWRHPRWLRQDOVWLPXOLDWDQHXURQDOOHYHO7KLV
KDVLPSOLFDWLRQVIRURXUXQGHUVWDQGLQJRISV\FKLDWULFGLVRUGHUVFKDUDFWHULVHG
E\VHURWRQHUJLFG\VIXQFWLRQ
5HIHUHQFHV
(NPDQ3)ULHVHQ:93LFWXUHVRIIDFLDODIIHFW3DOR$OWR&RQVXOWLQJ
3V\FKRORJLVWV
32
(IIHFWRI&LPHWLGLQHRU2PHSUD]ROHRQ(VFLWDORSUDP
3KDUPDFRNLQHWLFV
%LUJLWWH6¡JDDUG
+/XQGEHFN$6&RSHQKDJHQ'HQPDUN
'RUWH0DOOLQJ0HWWH1¡KU3RXOVHQ
2EMHFWLYHV7RLQYHVWLJDWHWKHHIIHFWVRIFRDGPLQLVWUDWLRQRIFLPHWLGLQHRU
RPHSUD]ROHRQWKHSKDUPDFRNLQHWLFVRIHVFLWDORSUDP
0HWKRGV 7ZR UDQGRPLVHG SODFHERFRQWUROOHG FURVVRYHU VWXGLHV ZHUH
FDUULHGRXW6L[WHHQKHDOWK\YROXQWHHUVZHUHDGPLQLVWHUHGSODFHERRUFLPH
WLGLQHPJELGDPRGHUDWHO\SRWHQWQRQVSHFL¿F&<3LQKLELWRU
IRUGD\VVWXG\RURPHSUD]ROHPJRGD&<3&LQKLELWRUIRU
GD\VVWXG\2QWKHPRUQLQJRI'D\VWXG\RU'D\VWXG\D
VLQJOHGRVHRIHVFLWDORSUDPPJZDVDGPLQLVWHUHG%ORRGVDPSOHVZHUH
WDNHQDWSUHGHWHUPLQHGWLPHVIRUWKHDVVHVVPHQWRIVHUXPOHYHOVRIHVFLWDOR
SUDPDQGLWVGHPHWK\ODWHGPHWDEROLWH6'&76DIHW\DQGWROHUDELOLW\ZHUH
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
DOVRDVVHVVHGRQWKHEDVLVRIYLWDOVLJQVDQGDGYHUVHHYHQWV
5HVXOWV&RDGPLQLVWUDWLRQZLWKFLPHWLGLQHFDXVHGDPRGHUDWH LQFUHDVH LQ
WKH V\VWHPLF H[SRVXUH >UDWLR EHWZHHQ$8&LQI ZLWK DQGZLWKRXW FLPLWL
GLQH@RIHVFLWDORSUDPPHDQLQFUHDVH&,DQGDVPDOO
LQFUHDVHRIWòIURPWRKPHDQLQFUHDVHK&,
&RDGPLQLVWUDWLRQZLWKRPHSUD]ROHDOVRUHVXOWHGLQDPRGHUDWHLQFUHDVHLQ
HVFLWDORSUDP>UDWLREHWZHHQ$8&LQIZLWKDQGZLWKRXWRPHSUD]ROH@PHDQ
LQFUHDVH&,DQGDVPDOOLQFUHDVHLQWòIURPWR
KPHDQLQFUHDVHK&,7KHUHZDVQRVLJQL¿FDQW
FKDQJHLQ6'&7$8&LQIDIWHUFRDGPLQLVWUDWLRQRIHLWKHUFLPHWLGLQHRU
RPHSUD]ROH&RDGPLQLVWUDWLRQRIFLPHWLGLQHRURPHSUD]ROHKDGQRHIIHFWRQ
WKHVDIHW\DQGWROHUDELOLW\RIDVLQJOHGRVHRIHVFLWDORSUDP
&RQFOXVLRQV ,Q YLHZ RI WKH JRRG WROHUDELOLW\ RI HVFLWDORSUDP WKH SKDU
PDFRNLQHWLF FKDQJHV REVHUYHG RQ FRDGPLQLVWUDWLRQ ZLWK FLPHWLGLQH RU
RPHSUD]ROHDUHQRWFRQVLGHUHGWREHRIFOLQLFDOFRQFHUQ
32
(VFLWDORSUDP3KDUPDFRNLQHWLFVLQ+HDOWK\6XEMHFWV
%LUJLWWH6¡JDDUG
+/XQGEHFN$6&RSHQKDJHQ'HQPDUN
+HOOH0HQJHO1LUDQMDQ5DR)UDQN/DUVHQ
2EMHFWLYHV7RVWXG\WKHSKDUPDFRNLQHWLFVRIHVFLWDORSUDP6FLWDORSUDP
DQG LWV SULQFLSDO EXW WKHUDSHXWLFDOO\ LQDFWLYH PHWDEROLWH 6GHPHWK\OFL
WDORSUDP 6'&7 DIWHU LQWUDYHQRXV DQG RUDO DGPLQLVWUDWLRQ WR KHDOWK\
VXEMHFWV
0HWKRGV3KDUPDFRNLQHWLFSDUDPHWHUVZHUHGHULYHGIURPVHSDUDWHFURVV
RYHUVWXGLHVLQZKLFKKHDOWK\VXEMHFWVUHFHLYHGDVLQJOHLQWUDYHQRXVLQIXVLRQ
PJKRUVLQJOHRUPXOWLSOHGD\VRUDOGRVHVRIRUPJGD\
HVFLWDORSUDP FRPSDUHGZLWK WKH UDFHPDWH FLWDORSUDP 6HUXP RU SODVPD
FRQFHQWUDWLRQVRI HVFLWDORSUDPDQG6'&7ZHUHGHWHUPLQHGXVLQJHQDQWL
RVHOHFWLYH+3/&0606
5HVXOWV )RU HVFLWDORSUDP WKH PHDQ V\VWHPLF FOHDUDQFH DQG YROXPH RI
GLVWULEXWLRQ ZDV  /K DQG  / UHVSHFWLYHO\ IROORZLQJ LQWUDYHQRXV
LQIXVLRQ$IWHURUDODGPLQLVWUDWLRQRIVLQJOHRUPXOWLSOHGRVHV WKHDEVRUS
WLRQZDVUHODWLYHO\IDVWZLWK&PD[DWWDLQHGDIWHUKPHDQ7PD[7KHPHDQ
KDOIOLYHVYDOXHVZHUHDERXWKDQGVWHDG\VWDWHZDVDWWDLQHGZLWKLQ
GD\VDIWHUPXOWLSOHGRVHV7KHRUDOFOHDUDQFH&/)ZDVFRQVWDQWZLWKWLPH
DQG GRVDJH PHDQRQ GD\  /K&RQVHTXHQWO\ YDOXHV RI&PD[ DQG
$8&ZHUH OLQHDUDQGSURSRUWLRQDO WRGRVH7KHDSSDUHQWYROXPHRI
GLVWULEXWLRQ9])ZDVDSSUR[LPDWHO\/NJ&RPSDULVRQRIWKHV\VWHPLF
DQG RUDO FOHDUDQFH LPSOLHG D KLJK DEVROXWH ELRDYDLODELOLW\$IWHUPXOWLSOH
GRVLQJ WKHPHDQ&PD[DQG$8&LQIRI WKHPHWDEROLWH6'&7ZDVDERXW
DQGRI WKH SDUHQW FRPSRXQG UHVSHFWLYHO\ZLWK7PD[ RFFXUULQJ
K SRVWGRVH7KH DSSDUHQW KDOIOLIH RI 6'&7ZDV DERXW WZLFH WKDW RI
HVFLWDORSUDP7KHFRQFHQWUDWLRQVRIWKH6''&7PHWDEROLWHZHUHJHQHUDOO\
EHORZWKHORZHUOLPLWRITXDQWL¿FDWLRQ7KHUHQDOFOHDUDQFHVRIHVFLWDORSUDP
DQG 6'&7ZHUH VPDOO  DQG  /K UHVSHFWLYHO\ FRUUHVSRQGLQJ WR
DERXW  DQG RI WKH GRVH H[FUHWHG LQ WKH XULQH&RQFXUUHQW LQWDNH RI
IRRGKDGQRHIIHFWRQWKHSKDUPDFRNLQHWLFVRIHVFLWDORSUDPRULWVPHWDEROLWH
7KHUHZDVQRHYLGHQFHRILQWHUFRQYHUVLRQRI6FLWDORSUDPWR5FLWDORSUDP
HLWKHULQSODVPDRULQXULQH$OOWUHDWPHQWVZHUHZHOOWROHUDWHG
&RQFOXVLRQV ,Q KHDOWK\ VXEMHFWV HVFLWDORSUDP VKRZHG OLQHDU DQG GRVH
SURSRUWLRQDOSKDUPDFRNLQHWLFVWKDWZDVQRWLQÀXHQFHGE\WKHVXEMHFW¶VIRRG
LQWDNHRUVH[ZKHQFRUUHFWHGIRUZHLJKW
32
4XHWLDSLQHIRUWKH7UHDWPHQWRI%LSRODU,,'HSUHVVLRQ
7ULVKD6XSSHV
8QLYHUVLW\RI7H[DV6RXWKZHVWHUQ0HGLFDO&HQWHU'DOODV7H[DV
86$
(GXDUG9LHWD6KDQH5DLQHV:D\QH0DFIDGGHQ
2EMHFWLYHV(YDOXDWHWKHHI¿FDF\DQGWROHUDELOLW\RITXHWLDSLQHPRQRWKHUD
S\LQWKHWUHDWPHQWRIPDMRUGHSUHVVLYHHSLVRGHVLQSDWLHQWVZLWKELSRODU,,
GLVRUGHU
0HWKRGV 3DWLHQWV ZLWK ELSRODU , RU ,, GLVRUGHU H[KLELWLQJ PRGHUDWH WR
VHYHUH GHSUHVVLRQ +$0'  +$0' LWHP  >GHSUHVVHG PRRG@
<056ZHUHUDQGRPL]HGWRUHFHLYHZHHNVRIGRXEOHEOLQGWUHDW
PHQWZLWK¿[HGGRVHTXHWLDSLQHRUPJGD\RUSODFHER7KLVSRVWHU
UHSRUWV WKH UHVXOWVRISDWLHQWVZLWKELSRODU ,,GLVRUGHUXVLQJ WKH LQWHQWWR
WUHDWSRSXODWLRQDQGDSULPDU\HQGSRLQWRIFKDQJHIURPEDVHOLQHWRZHHN
LQ0$'56WRWDOVFRUH
5HVXOWV$SSUR[LPDWHO\RISDWLHQWVZLWKELSRODU,,GHSUHV
VLRQFRPSOHWHGWKHVWXG\3DWLHQWVUHFHLYLQJTXHWLDSLQHQ RU
PJGD\ Q KDGD VLJQL¿FDQWO\JUHDWHU LPSURYHPHQW LQPHDQ0$'56
WRWDOVFRUHDW:HHNFRPSDUHGZLWKSODFHERQ  ±±YHUVXV
±3IRUHDFKGRVHYHUVXVSODFHEREXWWKHGLIIHUHQFHZDVQRWVLJ
QL¿FDQW±±YHUVXV±DW:HHNGXHWRDJUHDWHULPSURYHPHQW
LQSDWLHQWVWDNLQJSODFHERIURPZHHNWRZHHN3DWLHQWVZLWKUDSLGF\FOLQJ
Q H[SHULHQFHGDVLJQL¿FDQW LPSURYHPHQWLQ0$'56IRU±
3DQGPJGD\±3YHUVXVSODFHER±DWWKHHQG
RIZHHNVZKLOHWKRVHZLWKRXWUDSLGF\FOLQJQ ZHUHQRWVLJQL¿FDQWO\
GLIIHUHQWIRUTXHWLDSLQHYHUVXVSODFHER±±YHUVXV±1RVLJ
QL¿FDQWFKDQJHVZHUHQRWHGRQWKH<056WKURXJKRXWWUHDWPHQW7KHPHDQ
FKDQJHIURPEDVHOLQHLQZHLJKWQ ZDVNJDQGNJIRUTXHWLDSLQH
DQGPJGD\DQGNJIRUSODFHER7KHSURSRUWLRQRISDWLHQWVZKR
H[SHULHQFHG VHGDWLRQ RU VRPQROHQFH IRU WKH PJ PJ DQG SODFHER
JURXSVZDVDQGUHVSHFWLYHO\2WKHUFRPPRQTXHWLDS
LQH$(VZHUHGU\PRXWKGL]]LQHVVDQGIDWLJXH:LWKGUDZDOGXHWR$(VZDV
IRUPJIRUPJDQGLQSODFHER
&RQFOXVLRQV7KHVHUHVXOWVVXSSRUWD WUHDWPHQWHIIHFWRITXHWLDSLQHPRQR
WKHUDS\ LQSDWLHQWVZLWKELSRODU ,,GHSUHVVLRQSDUWLFXODUO\ LQ WKRVHZLWKD
UDSLGF\FOLQJGLVHDVHFRXUVH
5HIHUHQFHV &DODEUHVH -5 HW DO$ 5DQGRPL]HG 'RXEOH%OLQG 3ODFHER
&RQWUROOHG7ULDORI4XHWLDSLQHLQ WKH7UHDWPHQWRI%LSRODU,RU,,'HSUHV
VLRQ$P-3V\FKLDWU\LQSUHVV
6XSSRUWHGE\DJUDQWIURP$VWUD=HQHFD
32
4XHWLDSLQHLQ%LSRODU,'HSUHVVLRQ'RXEOH%OLQG3ODFHER
&RQWUROOHG6WXG\
7ULVKD6XSSHV
8QLYHUVLW\RI7H[DV6RXWKZHVWHUQ0HGLFDO&HQWHU'DOODV7H[DV
86$
3DXO(.HFN-U:D\QH0DFIDGGHQ-RVHSK5&DODEUHVH
5RELQ0F&R\0DUJDUHW0LQNZLW](OOLV:LOVRQ-DPLH0XOOHQ
2EMHFWLYHV7R HYDOXDWH WKH HI¿FDF\ DQG WROHUDELOLW\ RI TXHWLDSLQHPRQR
WKHUDS\IRUPDMRUGHSUHVVLYHHSLVRGHVLQSDWLHQWVZLWKELSRODU,GLVRUGHU
0HWKRGV3DWLHQWVZLWKELSRODU,GHSUHVVLRQ1 ZHUHUDQGRPL]HGWR
ZHHNVRIGRXEOHEOLQGWUHDWPHQWZLWKTXHWLDSLQH¿[HGGRVHRUPJ
GRUSODFHER7KHSULPDU\HQGSRLQWZDVFKDQJHIURPEDVHOLQHWRHQGSRLQW
LQ0RQWJRPHU\$VEHUJ'HSUHVVLRQ5DWLQJ6FDOH0$'56WRWDOVFRUH
5HVXOWV 3DWLHQWV WDNLQJ TXHWLDSLQH  RU  PJG KDG D VLJQL¿FDQWO\
3 JUHDWHU LPSURYHPHQW LQ PHDQ 0$'56 VFRUHV YV SODFHER DW
HYHU\DVVHVVPHQWVWDUWLQJZLWKWKH¿UVWHYDOXDWLRQ:HHNDQGVXVWDLQHG
WKURXJKHQGSRLQW:HHN6LJQL¿FDQWO\3PRUHTXHWLDSLQHSDWLHQWV
ERWKGRVHVYVSODFHERZHUHFRQVLGHUHGUHVSRQGHUVIURP:HHNWKURXJK
WKHHQGRIWKHVWXG\:HHNGHFUHDVHIURPEDVHOLQH0$'56VFRUH
DQGYV7UHDWPHQWHPHUJHQWPDQLDGLGQRWGLIIHUEHWZHHQ
TXHWLDSLQH DQG SODFHER  YV  &RPPRQ TXHWLDSLQH DGYHUVH HYHQWV
  DQG DW OHDVW WZLFH WKH SODFHER UDWHZHUH GU\PRXWK VRPQROHQFH
VHGDWLRQGL]]LQHVVDQGFRQVWLSDWLRQ
&RQFOXVLRQV4XHWLDSLQHPRQRWKHUDS\  RU PJG LV VLJQL¿FDQWO\
PRUHHIIHFWLYHWKDQSODFHERDQGZHOOWROHUDWHGIRUWKHWUHDWPHQWRIGHSUHV
VLYHHSLVRGHVLQSDWLHQWVZLWKELSRODU,GLVRUGHU
5HIHUHQFHV 3RVW 50 /HYHULFK *6$OWVKXOHU // HW DO$Q RYHUYLHZ RI
UHFHQW¿QGLQJVRIWKH6WDQOH\)RXQGDWLRQ%LSRODU1HWZRUN3DUW,%LSRODU
'LVRUG
$PHULFDQ 3V\FKLDWULF $VVRFLDWLRQ 3UDFWLFH JXLGHOLQH IRU WKH WUHDWPHQW
RI SDWLHQWVZLWK ELSRODU GLVRUGHU UHYLVLRQ$P - 3V\FKLDWU\ 
6XSSO
6XSSRUWHGE\DJUDQWIURP$VWUD=HQHFD
039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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2QVHWRI(IIHFWIRU(VFLWDORSUDP$0HWD$QDO\VLV
$ODQ:DGH
&36&OLQLFDO5HVHDUFK&HQWUH*ODVJRZ8.
+HQQLQJ)ULLV$QGHUVHQ
2EMHFWLYHV,QWKHSUHVHQWPHWDDQDO\VLVWKHRQVHWRIHIIHFWRIHVFLWDORSUDP
PJGD\FRPSDUHGWRSODFHERZDVLQYHVWLJDWHGE\GDWDSRROHGIURP
WKH¿YHUDQGRPL]HGSODFHERFRQWUROOHGFOLQLFDOVWXGLHVLQPDMRUGHSUHVVLYH
GLVRUGHU7KHPDLQHI¿FDF\DQGVDIHW\DQDO\VHVRIWKHVHVWXGLHVKDYHEHHQ
SXEOLVKHGLQGLYLGXDOO\
0HWKRGV$OOVWXGLHVXVHGDPXOWLFHQWUHUDQGRPLVHGZHHNGRXEOHEOLQG
SODFHERFRQWUROOHGGHVLJQ DQGEHJDQZLWKZHHNRI VLQJOHEOLQGSODFHER
WUHDWPHQW WKDW IROORZHG DQ LQLWLDO VFUHHQLQJ YLVLW 7KH HVFLWDORSUDP GRVH
ZDV¿[HG DW PJGD\ IRU DW OHDVW WKH¿UVW ZHHNV 3DWLHQWVZHUH UDWHG
RQ WKH IROORZLQJ HI¿FDF\ VFDOHV0RQWJRPHU\cVEHUJ'HSUHVVLRQ 5DWLQJ
6FDOH0$'56&OLQLFDO*OREDO,PSUHVVLRQ±6HYHULW\&*,6DQG&OLQLFDO
*OREDO,PSUHVVLRQ±,PSURYHPHQW&*,,7KHSUHGH¿QHGSULPDU\PHDVXUH
RIDQWLGHSUHVVDQWHI¿FDF\LQDOOVWXGLHVZDVWKHFKDQJHIURPEDVHOLQHWR¿QDO
DVVHVVPHQW:HHNLQVWXG\RIWKH0$'56WRWDOVFRUH$OOWKHDQDO\VHV
ZHUH DSSOLHG RQ WKHPRGL¿HG LQWHQWLRQWRWUHDW SRSXODWLRQ DQG LQ FDVH RI
PLVVLQJ GDWD WKH SULQFLSOH RI ODVW REVHUYDWLRQ FDUULHG IRUZDUG ZDV XVHG
2QVHW RI HIIHFW ZDV GH¿QHG DV  UHGXFWLRQ RI WKH EDVHOLQH0$'56
WRWDOVFRUH
5HVXOWV2IWKHSDWLHQWVUDQGRPLVHGWRHLWKHUHVFLWDORSUDPRUSODFHER
SDWLHQWVSDWLHQWVZHUHZLWKGUDZQ$VWDWLVWLFDOO\VLJQL¿FDQWGLI
IHUHQFHEHWZHHQWKH0$'56WRWDOVFRUHVUHVSRQVHVWRHVFLWDORSUDPRUSOD
FHERWUHDWPHQWFRXOGEHREVHUYHGIURP:HHNHIIHFWVL]HSDQG
RQZDUGVS2QWKH&*,6DQG&*,,VFDOHVRQVHWZDVGHWHFWHGDW
:HHNIRUWKH&*,6SDQGDW:HHNIRUWKH&*,,S7KH
SURSRUWLRQRIUHVSRQGHUVLHUHGXFWLRQRIWKH0$'56WRWDOVFRUH
IRUSDWLHQWVWUHDWHGZLWKHVFLWDORSUDPYHUVXVSODFHERZDVVLJQL¿FDQWO\GLI
IHUHQWIURP:HHNSDQGRQZDUGV7KHGLIIHUHQFHLQSURSRUWLRQRI
UHPLWWHUV0$'56WRWDOVFRUHEHWZHHQHVFLWDORSUDPDQGSODFHERZDV
VLJQL¿FDQWIURP:HHNDQGRQZDUGVS
&RQFOXVLRQV$IWHURQHZHHNRIWUHDWPHQWWKHUHZDVDVLJQL¿FDQWGLIIHUHQFH
LQVHYHUDOPHDVXUHVRIHI¿FDF\IRUSDWLHQWVWUHDWHGZLWKHVFLWDORSUDPYHUVXV
SODFHER
5HIHUHQFHV
%XUNH:-*HUJHO,%RVH$)L[HGGRVHWULDORIWKHVLQJOHLVRPHU
665,HVFLWDORSUDPLQGHSUHVVHGRXWSDWLHQWV-&OLQ3V\FKLDWU\
/HSROD80/RIW+5HLQHV(+(VFLWDORSUDPPJGD\LV
HIIHFWLYHDQGZHOO WROHUDWHG LQDSODFHERFRQWUROOHGVWXG\ LQGHSUHVVLRQ LQ
SULPDU\FDUH,QW&OLQ3V\FKRSKDUPDFRO
1LQDQ379HQWXUD':DQJ-(VFLWDORSUDPLVHIIHFWLYHDQGZHOO
WROHUDWHGLQWKHWUHDWPHQWRIVHYHUHGHSUHVVLRQ3RVWHUSUHVHQWHGDWWKH&RQ
JUHVVRIWKH$PHULFDQ3V\FKLDWULF$VVRFLDWLRQ0D\6DQ)UDQFLVFR
&$
5DSDSRUW0+%RVH$=KHQJ+(VFLWDORSUDPFRQWLQXDWLRQWUHDW
PHQWSUHYHQWVUHODSVHRIGHSUHVVLYHHSLVRGHV-&OLQ3V\FKLDWU\
:DGH$0LFKDHO/HPPLQJ2%DQJ+HGHJDDUG.(VFLWDORSUDP
PJGD\ LVHIIHFWLYHDQGZHOO WROHUDWHG LQDSODFHERFRQWUROOHGVWXG\ LQ
GHSUHVVLRQLQSULPDU\FDUH,QW&OLQ3V\FKRSKDUPDFRO
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6XEMHFWLYH([SHULHQFHVZLWK$W\SLFDO$QWLSV\FKRWLFVLQ
6WDELO]HG6FKL]RSKUHQLF2XWSDWLHQWV
%R+\XQ<RRQ
1DMX1DWLRQDO+RVSLWDO5HSXEOLFRI.RUHD
0\XQJ.\X.LP-HRQJ+RRQ.LP<RXQJ+ZD6HD
2EMHFWLYHV5HFHQWO\WKHLQWHUHVWVRQSDWLHQWV¶VXEMHFWLYHH[SHULHQFHVZLWK
PHGLFDWLRQDUHUHPDUNDEO\LQFUHDVLQJEXWLWLVVWLOOGLI¿FXOWWRGHVFULEHDQG
UHOLDEO\UDWH6RPHDXWKRUVIRXQGWKDWWKHPHDVXUDEOHIDFWRUVVXFKDVVXEMHF
WLYHTXDOLW\RIOLIHVDWLVIDFWLRQZLWKPHGLFDWLRQDQGVXEMHFWLYHWROHUDELOLW\
KDYHEHHQLGHQWL¿HG$OWKRXJKWKHFRQFOXVLRQLVQRWFRQ¿UPHGDW\SLFDODQ
WLSV\FKRWLFVPD\EHEHWWHUWKDQW\SLFDODQWLSV\FKRWLFVLQWHUPVRIVXEMHFWLYH
H[SHULHQFHVZLWKQHXUROHSWLFV7KHUHZHUHVWLOOQRWPDQ\HYLGHQFHVDPRQJ
DW\SLFDO DQWLSV\FKRWLFV RQ WKHVH DVSHFWV 6R WKH DLPRI WKLV VWXG\ZDV WR
FRPSDUH WKH VXEMHFWLYH DVSHFWV RI DW\SLFDO DQWLSV\FKRWLFV LQ VWDELOL]HG
VFKL]RSKUHQLFRXWSDWLHQWV
0HWKRGV 1LQHW\ VFKL]RSKUHQLF SDWLHQWV PHHWLQJ VHOHFWLRQ FULWHULD DQG
UHFHLYLQJULVSHULGRQH1 RODQ]DSLQH1 DQGFOR]DSLQH1 IRU
DSHULRGRI\HDURUORQJHUZHUHFURVVVHFWLRQDOO\HYDOXDWHG6XEMHFWLYHH[
SHULHQFHVZHUHHYDOXDWHGXVLQJLWHPVRI'UXJ$WWLWXGH,QYHQWRU\'$,
 .RUHDQPRGL¿HG YHUVLRQ RI 6XEMHFWLYH:HOOEHLQJ XQGHU 1HXUROHSWLF
7UHDWPHQW .P6:1 DQG 'UXJ 6DWLVIDFWLRQ 6FDOH '66 'HPRJUDSKLF
DQG FOLQLFDO GDWD ZHUH DOVR FRPSDUHG DPRQJ  PHGLFDWLRQ JURXSV XVLQJ
YDULRXVUDWLQJVFDOHVWKH3RVLWLYHDQG1HJDWLYH6\QGURPH6FDOH3$166
([WUDS\UDPLGDO 6\PSWRP5DWLQJ 6FDOH (6568.86LGH (IIHFW5DWLQJ
6FDOH8.8DQG*OREDO$VVHVVPHQWRI)XQFWLRQLQJ*$)
5HVXOWV3DWLHQWVUHFHLYLQJFOR]DSLQHKDGKLVWRULHVRIPRUHIUHTXHQWDGPLV
VLRQORQJHUGXUDWLRQRILOOQHVVDQGPDLQWHQDQFHRIFXUUHQWPHGLFDWLRQWKDQ
WKRVHRIULVSHULGRQHDQGRODQ]DSLQH3DWLHQWVZLWKFOR]DSLQHVKRZHGVHYHUHU
SV\FKRSDWKRORJ\RQ WKHSRVLWLYHJHQHUDOSV\FKRSDWKRORJ\ VFDOHDQG WRWDO
VFRUHVRI3$166WKDQSDWLHQWVZLWKRODQ]DSLQH$OVRSDWLHQWVZLWKFOR]DSLQH
KDG KLJKHU VFRUHV RQ SDUNLQVRQLVP DQG G\VNLQHVLD VFDOHV RI (656 DQG
DXWRQRPLF VLGH HIIHFWV VFDOH RI 8.8 WKDQ SDWLHQWV ZLWK ULVSHULGRQH DQG
RODQ]DSLQH6XEMHFWLYHH[SHULHQFHVVXFKDVG\VSKRULFUHVSRQGHULQ'$,
.P6:1DQG'66ZHUHQRWGLIIHUHGDPRQJPHGLFDWLRQJURXSV%XW¿QDO
VFRUHVRI'$,VKRZHGEHWWHULQSDWLHQWVZLWKRODQ]DSLQHWKDQFOR]DSLQH
&RQFOXVLRQV %\ VLPSO\ FRPSDULVRQV RODQ]DSLQH VHHPV WR VKRZ EHWWHU
UHVXOWV LQ WKH SV\FKRSDWKRORJ\ DQG VXEMHFWLYH H[SHULHQFHV ZLWK PHGLFD
WLRQ WKDQFOR]DSLQH LQ VWDELOL]HGRXWSDWLHQWV'HVSLWH WKHGLVDGYDQWDJHV LQ
WKHSV\FKRSDWKRORJ\DQGVXEMHFWLYHH[SHULHQFHVZLWKPHGLFDWLRQSDWLHQWV
ZLWKFOR]DSLQH VKRZHG ORQJHUPDLQWHQDQFHRIPHGLFDWLRQ WKDQ WKRVHZLWK
RODQ]DSLQHDQG ULVSHULGRQH7KHVH¿QGLQJV VXJJHVW WKDW IDFWRUVRWKHU WKDQ
VXEMHFWLYHH[SHULHQFHVDOVRVKRXOGEHVRXJKW LQ WKHDVSHFWVRIPHGLFDWLRQ
FRPSOLDQFHRUORQJWHUPPDQDJHPHQWRIVFKL]RSKUHQLFSDWLHQWV
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9LQSRFHWLQ.DYLQWRQ±$GMXQFWLYH$Q[LRO\WLF
9DOHU\6RORMHQNLQ
.\UJ\]6WDWH0HGLFDO$FDGHP\.\UJ\]VWDQ
2EMHFWLYHV7RFRQ¿UPK\SRWKHVLVRIELRORJLFDOPRGHORIDQ[LHW\LQZKLFK
FRPSRQHQWRIYDVFXODUK\SR[LDRIEUDLQRULJLQDWHGSRVLWLYHIHHGEDFNFDQEH
FRQ¿UPHGE\XVLQJRI9LQSRFHWLQZKLFKLVYDVRDFWLYHPHGLFDWLRQRIKHUEDO
GHVFHQW
0HWKRGVSDWLHQWVZLWKRUJDQLFDQGQRWRUJDQLFDQ[LHW\GLVRUGHUV)
DQG)9HUL¿FDWLRQ RI DQ[LHW\ZDV FRQGXFWHG E\ WKH QXPEHU RI FOLQLFDO
VFDOHVWRHYDOXDWHWKHOHYHORIDQ[LHW\DQGGHSUHVVLRQSDWLHQWVDGGLWLRQ
DOO\WRWKHWKHUDS\E\DQ[LROLWLFVDQGDQWLGHSUHVVDQWVUHFHLYHGWKHWKHUDS\E\
9LQSRFHWLQ&RQWURODQGPDLQJURXSVKDGQRWUHOLDEOHGLVWLQFWLRQVLQOHYHORI
DQ[LHW\DQGGHSUHVVLRQEHIRUHEHJLQQLQJRILQYHVWLJDWLRQ
5HVXOWV5HOLDEOHGLVWLQFWLRQVRIGHFUHDVLQJRIDQ[LHW\OHYHOLQWKHJURXSRI
SDWLHQWVZKRUHFHLYHGDQ[LROLWLFVLQFRPELQDWLRQZLWK9LQSRFHWLQ
&RQFOXVLRQV8VLQJRI9LQSRFHWLQ FRQ¿UPV WKHPRGHORI DQ[LHW\ DQGH[
WHQGVWKHVSHFWUXPRILWVLQGLFDWLRQV
5HIHUHQFHV*ROGEHUJ'HWDO3UHYDOHQWPHQWDOGLVRUGHUVELRVRFLDO
PRGHO.LHY6SKHUD
*UH\ - 1HXURSV\FKRORJ\ RI DQ[LHW\  2[IRUG2[IRUG XQLYHUVLW\
SUHVV
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&\WRSURWHFWLYH(IIHFWRI/LWKLXP$JDLQVW6SRQWDQHRXVDQG
,QGXFHG$SRSWRVLV
.U]\V]WRI3LHWUXF]XN
'HSDUWPHQWRI3DWKRSK\VLRORJ\0HGLFDO8QLYHUVLW\RI*GDQVN
3RODQG
$JQLHV]ND-R]ZLN.DWDU]\QD-DNXV]NRZLDN-HU]\/DQGRZVNL
(ZD%U\O-DFHN0:LWNRZVNL
2EMHFWLYHV0RRGÀXFWXDWLRQVEHWZHHQGHSUHVVLRQDQGHODWLRQDUHWKHPRVW
FKDUDFWHULVWLFIHDWXUHVRIELSRODUGLVRUGHU0RGHUQWUHDWPHQWRIWKLVGLVHDVH
LQFOXGHV QRUPRWK\PLF GUXJV KRZHYHU OLWKLXP VDOWV DUH VWLOO XVHIXO DQG
SRSXODU &HOOXODU PHFKDQLVPV RI OLWKLXP DFWLRQ DUH QRW IXOO\ XQGHUVWRRG
,QKLELWLRQRILQRVLWROPRQRSKRVSKDWDVHPRGXODWLRQRIF$03FRQWHQWVDQG
LQKLELWLRQRIJO\FRJHQ V\QWKDVHNLQDVH *6. LQ DIIHFWHGQHXURQVDUH
039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
WKH PRVW IUHTXHQWO\ SRVWXODWHG PHFKDQLVPV +RZHYHU OLWKLXP LV NQRZQ
WR LQFUHDVH WKH OHYHO RI F\WRSURWHFWLYH DQWLDSRSWRWLF IDFWRU %FO DQG
WR GHFUHDVH WKHVH RI SURDSRSWRWLF SURWHLQV S DQG %D[ $YDLODEOH GDWD
FRQFHUQLQJWKHHIIHFWRIOLWKLXPRQWKHDSRSWRWLFPHFKDQLVPVLQRWKHUFHOOV
LQFOXGLQJSHULSKHUDOEORRGO\PSKRF\WHVDUHIUDJPHQWDU\DQGFRQWUDGLFWRU\
,Q WKLVZRUNZH KDYH WHVWHG WKH K\SRWKHVLV RI WKH JHQHUDO DQWLDSRSWRWLF
DFWLYLW\RIOLWKLXPVDOWVDWDQGDURXQGWKHUDSHXWLFFRQFHQWUDWLRQV
0HWKRGV-XUNDW7FHOOOHXNHPLDOLQHZDVXVHGWKURXJKRXW(DUO\DSRSWRVLV
ZDV LGHQWL¿HG DV VLJQL¿FDQWPLWRFKRQGULDO GHSRODUL]DWLRQ RI FHOOV VWDLQHG
ZLWKÀXRUHVFHQWPLWRFKRQGULDOSRWHQWLDOF\DQLQHSUREH-&7KHSURSRUWLRQ
RI DSRSWRWLF FHOOV ZDV PHDVXUHG E\ ÀRZ F\WRPHWU\ 6SRQWDQHRXV FDPS
WRWKHFLQDQGFKHOHU\WKULQHLQGXFHGDSRSWRVLVZDVDQDO\]HGLQFHOOVWUHDWHG
ZLWKP0OLWKLXPFDUERQDWHRYHUKRXUV
5HVXOWV:HKDYHREVHUYHGDELSKDVLFHIIHFWRIOLWKLXPRQWKHSURSRUWLRQRI
VSRQWDQHRXVO\DSRSWRWLF-XUNDWFHOOVQDPHO\ORZWKHUDSHXWLFFRQFHQWUDWLRQ
RIOLWKLXPKDGDVLJQL¿FDQWDQWLDSRSWRWLFHIIHFWZKLOHFRQFHQWUDWLRQVRI
DQGP0SURGXFHGDQLQFUHDVHGSURSRUWLRQRIDSRSWRWLFFHOOV
/LWKLXPKDGDOVRDVLJQL¿FDQWEHQH¿FLDOHIIHFWRQ-XUNDWFHOOVWUHDWHGZLWK
DSRSWRJHQLFDJHQWVFKHOHU\WKULQHDQGFDPSWRWKHFLQ,QWKHODWWHUFDVHERWK
WKHUDSHXWLFDQGKLJKHUFRQFHQWUDWLRQVRI/LZHUHF\WRSURWHFWLYH
&RQFOXVLRQV'HPRQVWUDWHGF\WRSURWHFWLYHHIIHFWRI OLWKLXPPD\IRUPWKH
SDUWRIPHFKDQLVPWKURXJKZKLFKLWLVXVHIXOLQWKHUDS\RIELSRODUGLVRUGHU
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&\WRSURWHFWLYHUROHRIPLOQDFLSUDQLQKXPDQ7FHOOV
.U]\V]WRI3LHWUXF]XN
'HSDUWPHQWRI3DWKRSK\VLRORJ\0HGLFDO8QLYHUVLW\RI*GDQVN
3RODQG
$JQLHV]ND-R]ZLN.DWDU]\QD-DNXV]NRZLDN3LRWU5DG]LZLORZLF]
-HU]\/DQGRZVNL(ZD%U\O-DFHN0:LWNRZVNL
2EMHFWLYHV 'HSUHVVLYH GLVRUGHUV DUH RQH RI WKH PRVW FRPPRQ KHDOWK
SUREOHPV LQ FRQWHPSRUDU\ PHGLFLQH DIIHFWLQJ DERXW  RI SRSXODWLRQ
+RZHYHUWKHFHOOXODUEDFNJURXQGRIWKHVHGLVHDVHVLVQRWIXOO\XQGHUVWRRG
5HFHQWO\ DQ LPPXQRORJLFDO K\SRWKHVLV RI WKH HWLRORJ\RI GHSUHVVLRQZDV
SRVWXODWHG LQYROYLQJ WKHGHUHJXODWLRQRI LPPXQHFHOO IXQFWLRQDFFRUGLQJ
WRWKLVK\SRWKHVLVWKHO\PSKRF\WHVZRXOGEHDPRQJWKHWDUJHWVRIDQWLGH
SUHVVLYHGUXJV7KHEDODQFHEHWZHHQSUROLIHUDWLRQDQGVXUYLYDORQRQHVLGH
DQGDSRSWRWLFHOLPLQDWLRQRQ WKHRWKHU LV WKHHVVHQWLDO IHDWXUHRIDGHTXDWH
LPPXQHUHDFWLYLW\KRZHYHUSURSHQVLW\RI7FHOOVRIGHSUHVVLYHSDWLHQWVWR
XQGHUJRDSRSWRVLVZDVQRWLQYHVWLJDWHGEHIRUHHVSHFLDOO\LQWKHFRQWH[WRI
PRGHUQDQWLGHSUHVVLYHWUHDWPHQW
,QWKLVZRUNZHLQYHVWLJDWHGWKHHIIHFWRI0LOQDFLSUDQ,;(/RQHRIWKH
QHZHVW DQWLGHSUHVVLYH GUXJV EHORQJLQJ WR VHURWRQLQ DQG QRUHSLQHSKULQH
UHXSWDNH LQKLELWRUV 615, RQ HDUO\ DSRSWRVLV RI QRUPDO DQG OHXNHPLF
-XUNDW7FHOOV
0HWKRGV ,QÀXHQFH RI LQ YLWUR LQFXEDWLRQ ZLWK QJPO±JPO 0LO
QDFLSUDQRQWKHVSRQWDQHRXVDVZHOODVFKHOHU\WKULQRUFDSWRWKHFLQLQGXFHG
DSRSWRVLV RI SHULSKHUDO EORRG7 O\PSKRF\WHV DQ -XUNDW FHOOVZDV VWXGLHG
7KHUDWHRIHDUO\DSRSWRWLFFHOOVLGHQWL¿HGE\PLWRFKRQGULDOGHSRODUL]DWLRQ
ZDVPHDVXUHG ÀRZF\WRPHWULFDOO\ XSRQ VWDLQLQJZLWK D ÀXRUHVFHQWPLWR
FKRQGULDOSRWHQWLDOSUREH-&
3HULSKHUDO EORRGPRQRQXFOHDU FHOOV 3%0&ZHUH REWDLQHG IURP KHDOWK\
SHRSOH DQGSDWLHQWV GXULQJ D GHSUHVVLYH HSLVRGH ,&'&OLQLFDO VWDWXV
RI SDWLHQW ZDV HVWLPDWHG XVLQJ VWDQGDUG TXHVWLRQQDLUH IRU HYDOXDWLRQ RI
GHSUHVVLRQ
5HVXOWV 7 FHOOV RI GHSUHVVLYH SDWLHQWV H[KLELWHG PDUNHG GHFUHDVH RI
PLWRFKRQGULDO SRWHQWLDO FRPSDUHG WR WKH FHOOV RI KHDOWK\ LQGLYLGXDOV ,Q
YLWUR WUHDWPHQW RI WKHVH FHOOV ZLWK YDULRXV GRVHV RI0LOQDFLSUDQ UHGXFHG
WKHSURSRUWLRQRIDSRSWRWLFFHOOVE\LQVDPSOHV IURPKHDOWK\DVZHOO
DVGHSUHVVLYHLQGLYLGXDOV7KHUDSHXWLFFRQFHQWUDWLRQVRI0LOQDFLSUDQZHUH
F\WRSURWHFWLYH DJDLQVW ERWK VSRQWDQHRXV DQG LQGXFHG DSRSWRVLV RI 3%0&
DQGOHXNHPLF7FHOOVLQYLWUR,QFDVHRIFKHOHU\WKULQLQGXFHGDSRSWRVLVDOVR
DERYHWKHUDSHXWLFFRQFHQWUDWLRQVRIWKHGUXJZHUHHIIHFWLYH
&RQFOXVLRQV'HFUHDVHGPLWRFKRQGULDOPHPEUDQHSRWHQWLDORIO\PSKRF\WHV
RI WKH GHSUHVVLYH SDWLHQWV PD\ VXJJHVW RQH RI WKH FHOOXODU PHFKDQLVPV
XQGHUO\LQJ WKH GLVHDVH &\WRSURWHFWLYH HIIHFW RI PLOQDFLSUDQ LV DSSDU
HQWO\ XQLYHUVDO QRW OLPLWHG WR DQ\ VSHFL¿F FHOO W\SH DQGPD\ EHORQJ WR
WKHPHFKDQLVPV E\ZKLFK WKH GUXJ LQÀXHQFHV WKH EHKDYLRU RI QHXURQV LQ
GHSUHVVLYHSDWLHQWV
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3RVWHU6HVVLRQ1R
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(IIHFWLYHQHVVRI$ULSLSUD]ROH7UHDWPHQWLQD1DWXUDOLVWLF
6HWWLQJ
-HDQ1RsO%HX]HQ
%ULVWRO0\HUV6TXLEE)UDQFH
0LUDQGD3DQV3HJJ\+DJHQV'XVDQ.RVWLF:LOOLDP&DUVRQ
2EMHFWLYHV7RH[DPLQHWKHRYHUDOOHIIHFWLYHQHVVRIDULSLSUD]ROHWUHDWPHQW
LQDQDWXUDOLVWLFVHWWLQJLQ(XURSHDQFRXQWULHV
0HWKRGV7KLVPXOWLFHQWUHRSHQODEHOVWXG\ZDVFRQGXFWHGLQRXWSDWLHQWV
ZLWK VFKL]RSKUHQLD ZKR UHTXLUHG D VZLWFK RU LQLWLDWLRQ RI DQWLSV\FKRWLF
PHGLFDWLRQ$WRWDORISDWLHQWVZHUHUDQGRPL]HGLQDUDWLRWRDULS
LSUD]ROHQ RUDVDIHW\FRQWUROJURXSQ 
7KHFRQWUROJURXSZHUHSUHVFULEHGDQDQWLSV\FKRWLFRWKHUWKDQDULSLSUD]ROH
SULPDULO\ ]LSUDVLGRQH DPLVXOSULGH TXHWLDSLQH RODQ]DSLQH ULVSHULGRQH
$ULSLSUD]ROHZDVLQLWLDWHGDWPJGD\ZLWKWKHRSWLRQWRDGMXVWZLWKLQD
UDQJHRI±PJGD\7KH WUHDWPHQWSHULRGZDVZHHNV(IIHFWLYHQHVV
ZDV HYDOXDWHG XVLQJ WKH &*,,PSURYHPHQW VFDOH &*,, 3DWLHQWV¶ DQG
FDUHJLYHUV¶ PHGLFDWLRQ SUHIHUHQFH ZDV DVVHVVHG XVLQJ WKH 3UHIHUHQFH RI
0HGLFDWLRQ6FDOH3206
5HVXOWV$W VWXG\HQGSRLQW WKHPHDQDULSLSUD]ROHGRVHZDVPJGD\
RISDWLHQWV UHFHLYHGPJ7KHHIIHFWLYHQHVVRIDULSLSUD]ROH WUHDW
PHQWZDVGHPRQVWUDWHGDVHDUO\DVZHHN$PRQJSDWLHQWVFRPSOHWLQJWKH
VWXG\  LQ WKH DULSLSUD]ROH JURXS UHVSRQGHG WR WUHDWPHQW &*,,  RU
7KHPHDQ&*,, VFRUHZDV   RI DULSLSUD]ROHWUHDWHG SDWLHQWV
DQGRIFDUHJLYHUV UDWHGDULSLSUD]ROHDV VOLJKWO\EHWWHURUPXFKEHWWHU
WKDQSULRUDQWLSV\FKRWLFWKHUDS\&*,,RU7KHDGYHUVHHYHQWVUHSRUWHG
ZLWKDULSLSUD]ROHWUHDWPHQWLQFLGHQFHRIZHUHQDXVHDDQG
LQVRPQLD
&RQFOXVLRQV$ULSLSUD]ROH GHPRQVWUDWHG RYHUDOO HIIHFWLYHQHVV LQ SDWLHQWV
ZLWKVFKL]RSKUHQLDLQJHQHUDOSV\FKLDWULFVHWWLQJV
32
+\SHUWHQVLRQ$IWHU,QLWLDWLRQRI$ULSLSUD]ROH
%RUUDV/DXUHQFH
6DLQW/XF8QLYHUVLW\+RVSLWDORI%UXVVHO%HOJLXP
(\WDQ$ULHO+XJXHOHW3KLOLSSH&RQVWDQW(ULF
%DFNJURXQG'RFXPHQWHGVLGHHIIHFWVRIDULSLSUD]ROHDQHZDW\SLFDODQWL
SV\FKRWLFPHGLFDWLRQLQFOXGHLQVRPQLDKHDGDFKHVDQ[LHW\YLVLRQWURXEOHV
DQGJDVWURLQWHVWLQDOV\PSWRPV&DUGLRYDVFXODUDGYHUVHHIIHFWVRIWKLVGUXJ
DSSHDUWREHUDUHDQGKDYHQRWEHHQGHVFULEHGLQWKHPHGLFDOOLWHUDWXUH\HW
0HWKRGV&DVHUHSRUW
5HVXOWV:HUHSRUWWKHFDVHRID\HDUROGIHPDOHSDWLHQWKRVSLWDOL]HGIRU
FKURQLFSDUDQRLG VFKL]RSKUHQLDZKRGHYHORSHG UDSLGRQVHW DUWHULDOK\SHU
WHQVLRQDIWHULQWURGXFWLRQRIDULSLUD]ROH2QHKRXUDIWHUD¿UVWPJGRVH
VKHFRPSODLQHGRISDOSLWDWLRQV3K\VLFDOH[DPLQDWLRQUHYHDOHGWDFK\FDUGLD
PLQUHJXODUDQGK\SHUWHQVLRQPP+J7UHDWPHQWZDV
LPPHGLDWHO\LQWHUUXSWHGDQGFDUGLRYDVFXODUVWDWXVSURJUHVVLYHO\UHWXUQHGWR
QRUPDOPP+JRYHUDKRXUVSHULRG7KHSDWLHQWKDGQRPDMRU
FDUGLRYDVFXODUULVNIDFWRU2WKHUFDXVHVRISDUR[\VPDO+7ZHUHUXOHGRXW
&RQFOXVLRQV7KHFDVHZHUHSRUWVXJJHVWVWKDWFOLQLFLDQVVKRXOGEHDZDUHRI
WKLVSRVVLEOHVHULRXVDGYHUVHUHDFWLRQZLWKDULSLSUD]ROH)XUWKHUREVHUYDWLRQV
DQGVWXGLHVDUHQHHGHGLQRUGHUWRDVVHVVWKHIUHTXHQF\RIWKLVUHDFWLRQDV
ZHOODVSUHGLVSRVLQJIDFWRUVDQGSDWKRSK\VLRORJLFDOPHFKDQLVPVLQYROYHG
7KLV LV SDUWLFXODUO\ LPSRUWDQW VLQFH DW\SLFDO DQWLSV\FKRWLF GUXJV DUH QRZ
FRPPRQO\SUHVFULEHGUHSODFLQJFRQYHQWLRQDOQHXUROHSWLFV
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\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32
$ULSLSUD]ROHYV2ODQ]DSLQHLQ6FKL]RSKUHQLD$:HHN
6WXG\
'XVDQ.RVWLF
%ULVWRO0\HUV6TXLEE86$
(O\VH6WRFN$QQH7RUEH\QV0DUJDUHWWD1\LODV5REHUW0F4XDGH
2EMHFWLYHV$QRSHQODEHO WULDO WRFRPSDUHORQJWHUPHI¿FDF\VDIHW\DQG
PHWDEROLF SUR¿OH RI DULSLSUD]ROH ZLWK RODQ]DSLQH LQ SDWLHQWV ZLWK DFXWH
UHODSVLQJRUFKURQLFVWDEOHVFKL]RSKUHQLD
0HWKRGV 7KLV UDQGRPL]HG RSHQODEHO H[WHQVLRQ WULDO RI DULSLSUD]ROH
±PJGD\Q YVRODQ]DSLQH±PJGD\Q IRUXSWR
ZHHNVLQFOXGHGSDWLHQWVZKRKDGHLWKHUFRPSOHWHGDZHHNUDQGRPL]HG
GRXEOHEOLQGSODFHERFRQWUROOHG WULDORIDULSLSUD]ROH LQ VWDELOL]HGSDWLHQWV
ZLWK FKURQLF VFKL]RSKUHQLD  HQUROOHG  FRPSOHWHG RU ZKR KDG
UHODSVHGQ DIWHUDWOHDVWZHHNVRIGRXEOHEOLQGWUHDWPHQW
5HVXOWV ,PSURYHPHQW DFURVV DOO SV\FKLDWULF VFDOHV ZDV FRPSDUDEOH IRU
DULSLSUD]ROH DQG RODQ]DSLQH2ODQ]DSLQH OHG WR VLJQL¿FDQWO\ JUHDWHUPHDQ
ZHLJKWJDLQFRPSDUHGZLWKDULSLSUD]ROH:HHN/2&)NJYV
NJS6LJQL¿FDQWGLIIHUHQFHVIDYRULQJDULSLSUD]ROHRYHURODQ]DSLQH
ZHUHREVHUYHGLQWKHPHDQFKDQJHVIURPEDVHOLQHWR:HHN/2&)IRU
IDVWLQJWRWDOFKROHVWHURODULSLSUD]ROHPJG/RODQ]DSLQHPJG/
S IDVWLQJ/'/DULSLSUD]ROH±PJG/RODQ]DSLQHPJG/
S  DQG IDVWLQJ +'/ DULSLSUD]ROH  PJG/ RODQ]DSLQH ±
PJG/S 
&RQFOXVLRQV,QDFXWHO\UHODSVLQJDQGVWDEOHFKURQLFSDWLHQWVWUHDWHGIRUXS
WRZHHNV V\PSWRP LPSURYHPHQWZDVFRPSDUDEOH IRUDULSLSUD]ROHDQG
RODQ]DSLQH+RZHYHUZLWKUHJDUGWRZHLJKWDQGPHWDEROLFIDFWRUVDULSLSUD
]ROHZDVFRQVLVWHQWO\VXSHULRUWRRODQ]DSLQH
32
7UHDWPHQWZLWK$W\SLFDO$QWLSV\FKRWLFV7KH3URVRFLDO
&DSDFLW\
%DUWRV]/R]D
0HGLFDO8QLYHUVLW\RI:DUVDZ3RODQG
$QGU]HM&]HUQLNLHZLF]$JDWD5RV]NRZVND
2EMHFWLYHV7KHUHLVDJUHDWGHDORIFRQIXVLRQLQGLIIHUHQWLDWLQJHI¿FDF\RI
ERWK W\SLFDODQGDW\SLFDODQWLSV\FKRWLFV7KHQRQVSHFL¿F LQÀXHQFHRI WKH
ZKROHFODVVRIQHXUROHSWLFVRQPDQ\V\PSWRPVHVSHFLDOO\UHDOLW\GLVWRUWLRQ
LVZHOOHVWDEOLVKHG+RZHYHUOHDGLQJFRQWHPSRUDU\K\SRWKHVHVVXJJHVWWKDW
WKHPRVWSURPLQHQWWDVNRIVFKL]RSKUHQLDWUHDWPHQWDWWULEXWHGVSHFL¿FDOO\
WRDW\SLFDODQWLSV\FKRWLFVLVWRDFWLYDWHSDWLHQWV¶SURVRFLDODELOLWLHVLHWKHLU
QHXURFRJQLWLYH DZDUHQHVV DQG TXDOLW\ RI OLIH LPSURYHPHQW FDSDFLW\ 2XU
PDMRU FOLQLFDOJRDOZDV WR HVWDEOLVK WKH UHOHYDQFHRISURVRFLDOEHQH¿WVRI
SKDUPDFRORJLFDO LQWHUYHQWLRQZLWK WZRDW\SLFDODQWLSV\FKRWLFVRODQ]DSLQH
2/$DQGULVSHULGRQH5,6
0HWKRGVSDWLHQWVZLWKVFKL]RSKUHQLDDJHGDOOLQLWLDOO\KRVSLWDO
L]HG ZLWK QR KLVWRU\ RI WUHDWPHQWUHVLVWDQFH ZHUH UDQGRPL]HG LQWR WZR
HTXDOJURXSVWUHDWHGLQDGRXEOHEOLQGPDQQHUZLWK2/$PJRU5,6
PJRYHUZHHNV$OOSDWLHQWVZHUHDVVHVVHGUHSHDWHGO\ZHHNV
ZLWKFOLQLFDOVFDOHV3RVLWLYHDQG1HJDWLYH6\QGURPH6FDOH3$166
&OLQLFDO*OREDO ,PSUHVVLRQ 6HYHULW\&*,6&DOJDU\'HSUHVVLRQ5DWLQJ
6FDOH &'56 6LPSVRQ$QJXV 6FDOH 6$6 FRJQLWLYH VFDOHV :LVFRQVLQ
&DUG 6RUWLQJ 7HVW :&67 7ULDO 0DNLQJ 7HVW 707$ 707% LQVLJKW
VFDOHV 6FDOH WR $VVHVV 8QDZDUHQHVV RI 0HQWDO 'LVRUGHU 680'SDVW
680'SUHVHQWDQGTXDOLW\RI OLIHVFDOHV6FKL]RSKUHQLD4XDOLW\RI/LIH
642/3V\FKRORJLFDO*HQHUDO:HOO%HLQJ3*:%
5HVXOWV2QEDVHOLQHQRVLJQL¿FDQWGLIIHUHQFHVEHWZHHQJURXSVZHUHIRXQG
UHJDUGLQJFOLQLFDOQHXURFRJQLWLYHLQVLJKWDQGTXDOLW\RIOLIHVFDOHV5HVXOWV
WRWDOVRI3$166&*,6:&67707$707%680'SDVW680'
SUHVHQW642/DQG3*:%LPSURYHGVLJQL¿FDQWO\LQERWKJURXSV2/$DQG
5,6RYHUZHHNWUHDWPHQW5HVXOWVRI&'56DQG6$6LPSURYHGRQO\LQWKH
2/$JURXS7KHFRPSDUDWLYHSDWWHUQRIUHVXOWVFRQVLVWHQWO\LQGLFDWHGJUHDW
HUDQGIDVWHUFOLQLFDOUHVSRQVHIRUWKH2/$WUHDWPHQW7KHUHVXOWVIDYRXUHG
2/$WR5,6LQ3$166&*,6&'566$6680'SDVW680'SUHVHQW
642/DQG3*:%'LIIHUHQFHVEHWZHHQ2/$DQG5,6LQ707$707%
DQG:&67 UHVXOWV FRPSOHWHG FDWHJRULHV ZHUH VWDWLVWLFDOO\ LQVLJQL¿FDQW
6HYHQ SDUWLFLSDQWV GLVFRQWLQXHG WKH VWXG\ DW ZHHN  2/$  5,6 
PRVWO\GXHWRFRQVHQWZLWKGUDZDOV
&RQFOXVLRQV 2/$WUHDWHG VFKL]RSKUHQLF SDWLHQWV H[SHULHQFHG JUHDWHU
LPSURYHPHQW LQ WRWDOSV\FKRSDWKRORJ\DZDUHQHVVDQGTXDOLW\RI OLIHRYHU
ZHHNWUHDWPHQW1RVLJQL¿FDQWFOLQLFDOO\UHOHYDQWGLIIHUHQFHVRFFXUUHGLQ
QHXURFRJQLWLYHWHVWVEHWZHHQ2/$DQG5,67KLVVWXG\KLJKOLJKWVGLIIHUHQF
HVDPRQJOHDGLQJDW\SLFDODJHQWVDQGGRHVQRWFRUURERUDWHWKHLUK\SRWKHWLFDO
KRPRJHQRXV³SURVRFLDOHI¿FDF\´%HFDXVH WKHVWDUWDQG WKH LQLWLDO W\SHRI
DQWLSV\FKRWLFPHGLFDWLRQLVFULWLFDOIRUWKHZKROHIXQFWLRQDOSURJQRVLVWKH
IXUWKHULQYHVWLJDWLRQVDUHZDUUDQWHGRYHUDORQJHUSHULRGRIWLPH
32
(IILFDF\DQG6DIHW\RI/RZHU'RVHVRI$ULSLSUD]ROHLQ
6FKL]RSKUHQLD
6LHJOLQGH0RGHOO
%ULVWRO0\HUV6TXLEE*HUPDQ\
5RQDOG0DUFXV6WHUOLQJ+DUG\:LOOLDP&DUVRQ5REHUW0F4XDGH
2EMHFWLYHV (YDOXDWH WKH HIIHFWV RI DULSLSUD]ROH LQ SDWLHQWV ZLWK VFKL]R
SKUHQLD ZKHQ DGPLQLVWHUHG DW GRVHV ORZHU WKDQ WKRVH SUHYLRXVO\ VWXGLHG
V\VWHPDWLFDOO\
0HWKRGV 7KLV ZDV D GRXEOHEOLQG SODFHERFRQWUROOHG UDQGRPL]HG 
ZHHNPXOWLFHQWHUWULDO$WRWDORIKRVSLWDOL]HGSDWLHQWVLQDFXWHUHODSVH
RIVFKL]RSKUHQLDZHUHUDQGRPL]HGWRSODFHERRURQHRIWKH¿[HGGRVHV
DQGPJGD\RIDULSLSUD]ROH7KHSULPDU\HI¿FDF\RXWFRPHPHDVXUHZDV
WKHPHDQFKDQJHIURPEDVHOLQHWRHQGSRLQWZHHN/2&)LQWKH3$166
7RWDOVFRUH
5HVXOWV 7KH UHGXFWLRQ LQ 3$166 7RWDO VFRUH ZDV VLJQL¿FDQWO\ JUHDWHU
DPRQJSDWLHQWVWUHDWHGZLWKDULSLSUD]ROHPJGD\WKDQDPRQJWKRVHWUHDW
HGZLWKSODFHERIURPZHHNWKURXJKHQGSRLQW±YV±S DW
HQGSRLQW7KHPJGD\GRVHVHSDUDWHGIURPSODFHERDWZHHNVWKURXJK
EXWZDVRQO\QXPHULFDOO\VXSHULRUWRSODFHERDWHQGSRLQW±S 
7KHPJGD\GRVHGLGQRWVHSDUDWH IURPSODFHERDWDQ\SRLQWGXULQJ WKH
WULDO$OOGRVHVRIDULSLSUD]ROHZHUHZHOOWROHUDWHG
&RQFOXVLRQV7KLV VWXG\ IRXQG WKDW DULSLSUD]ROH PJGD\ GRVHZDV HI
¿FDFLRXV IRU WUHDWPHQWRIKRVSLWDOL]HGSDWLHQWVZLWKDFXWHH[DFHUEDWLRQRI
VFKL]RSKUHQLD WKHPJGD\GRVHPD\EHHIIHFWLYH IRU WUHDWPHQWRI VRPH
SDWLHQWVDQGWKHPJGGRVHVHHPVWREHORZHUWKDQWKHPLQLPDOO\HIIHFWLYH
GRVH
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=LSUDVLGRQH/RQJWHUP(IILFDF\LQ5HIUDFWRU\6FKL]RSKUHQLD
6WHSKHQ0XUUD\
3¿]HU,QF1HZ<RUN1<86$
-RKQ.DQH6XPDQW.KDQQD(DUO*LOOHU6XQLWD5DMDGK\DNVKD
$QWRQ\/RHEHO&\QWKLD6LX
2EMHFWLYHV7RHYDOXDWH]LSUDVLGRQH¶VORQJWHUPHI¿FDF\DQGWROHUDELOLW\LQ
WUHDWPHQWUHIUDFWRU\VFKL]RSKUHQLD
0HWKRGV 7UHDWPHQWUHIUDFWRU\ VFKL]RSKUHQLF FRPSOHWHUV RI D ZHHN
GRXEOHEOLQG FRUH VWXG\ FRPSDULQJ ]LSUDVLGRQH Q  DQG FKORUSUR
PD]LQHQ ZHUHFRQWLQXHGRQRSHQODEHO]LSUDVLGRQHIRUXSWR\HDU
$VVHVVPHQWV LQFOXGHG 3$166 7RWDO PRYHPHQW GLVRUGHU PHDVXUHV DQG
ERG\ZHLJKW
5HVXOWV/RQJWHUPWUHDWPHQWEHQH¿WVZLWK]LSUDVLGRQHPHDQGRVDJH
PJGZHUH GHPRQVWUDWHG )RU ]LSUDVLGRQHĺ]LSUDVLGRQH VXEMHFWV 3$166
7RWDO PHDQ FKDQJH IURP FRUH EDVHOLQH  WR ODVW H[WHQVLRQ YLVLW ZDV
6'3VKRZLQJVXVWDLQHGLPSURYHPHQWRYHU\HDU
)RUFKORUSURPD]LQHVXEMHFWVVZLWFKHG WR]LSUDVLGRQHVLJQL¿FDQW LPSURYH
PHQWZDVREVHUYHGRYHU WKHH[WHQVLRQSHULRG3$1667RWDOPHDQFKDQJH
 3 2I  H[WHQVLRQSKDVH UHVSRQGHUV  3$166
7RWDOLPSURYHPHQWIURPFRUHEDVHOLQHWR:HHNVXEMHFWVGLG
QRW H[SHULHQFH V\PSWRP H[DFHUEDWLRQ ZRUVHQLQJ RI 3$1667RWDO
VFRUH DQG &*,±6 VFRUH  RYHU WKH \HDU H[WHQVLRQ ([WHQVLRQSKDVH
GLVFRQWLQXDWLRQUDWHZDV0RYHPHQWGLVRUGHUVZHUHQRWH[DFHUEDWHG
DQG UHPDLQHG LQIUHTXHQW ZLWK ORQJWHUP ]LSUDVLGRQH 0HGLDQ FKDQJHV LQ
ERG\ZHLJKW IURPEDVHOLQH WR ODVW YLVLWZHUH QHJOLJLEOH DQGQRW FOLQLFDOO\
VLJQL¿FDQW
&RQFOXVLRQV =LSUDVLGRQH ZDV HIIHFWLYH LQ WKLV ORQJWHUP VWXG\ RI WUHDW
PHQWUHIUDFWRU\VFKL]RSKUHQLDDQGZDVQRWDEO\ZHOOWROHUDWHGRYHUDOOZLWK
PLQLPDOZHLJKWJDLQ
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
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$PLVXOSULGHLQWKH7UHDWPHQWRI$FXWH([DFHUEDWLRQRI
6FKL]RSKUHQLD
6DOLK<DVDUg]GHQ
%DNLUN|\0HQWDO+RVSLWDO7XUNH\
$VOL%RVWDQFL)XDW2OFD\1XUKDQ,QFH
2EMHFWLYHV 7KH WUHDWPHQW RI VFKL]RSKUHQLD FRQWLQXHV WR UHSUHVHQW D VLJ
QL¿FDQWFKDOOHQJHEHFDXVHRIWKHVHYHUHFKURQLFDQGGLVDEOLQJQDWXUHRIWKH
LOQHVVDQGWKHKHWHURJHQHW\RIV\PSWRPVRQHRIWKHPRVWLPSRUWDQWFOLQLFDO
GHFLVLRQV LQ ZKLFK DQWLSV\FKRWLF DJHQW WR SUHVFULEH $PLVXOSLULGH LV DQ
DW\SLFDO DQWLSV\FKRWLFZLWK VHOHFWLYH DI¿QLW\ IRUGRSDPLQ'' UHVHSWRUV
DQGWKHRQO\RQHVHFRQGJHQHUDWLRQDQWLSV\FKRWLF6*$VWKDWKDVQRDI¿Q
LW\WR+7UHFHSWRUV,QPHWDDQDO\VLVVWXGLHVLWZDVIRXQGWKDWDPLVXOSLULGH
LVDVHIIHFWLYHVHFRQGJHQHUDWLRQDQWLSV\FKRWLF 6*$VDV ULVSHULGRQHDQG
RODQ]DSLQH,QWKLVUHVHDUFKZHLQYHVWLJDWHGWKHHI¿FDF\RIDPLVXOSULGHLQWKH
WUHDWPHQWRIDFXWHD[DFHUEDWLRQRIVFKL]RSKUHQLD
0HWKRGV$FFRUGLQJWRRXULQYHVWLJDWLRQZRPHQDQGPHQWRWDO\
SDWLHQWVKDGVFKL]RSKUHQLDGLDJQRVLVZLWK'60,975FULWHULD)LUVWZHHN
SDWLHQWV ZHUH WDNLQJ  PJGD\ 32 DPLVXOSLULGH DQG VWDUWLQJ ZLWK WKH
VHFRQGZHHNPJGD\32DPLVXOSLULGH'XULQJWKHVHFRQGWKDQGWK
ZHHNVSDWLHQWVSDVVHG&OLQLFDO*OREDO,PSUHVVLRQV&*,6FDOH3RVLWLYHDQG
1HJDWLYH6HQGURPH6FDOH3$166%ULHI3V\FKLDWULF5DWLQJ6FDOH%356
DQG&DOJDU\'HSUHVVLRQ6FDOHIRU6FKL]RSKUHQLD&'66$VDVXSSOLPHQW
IRUDOOWKLVIRUQGWKDQGWKZHHN8GYDOJ.OLQLNVH8QGHUVRJHOVHU8.8
ZDV DGGHG7KH ¿QDO UHVXOWVZHUH HYDOXDWHG E\0DQQ:KLWQH\ )ULHGPDQ
:LOFR[RQ6LJQHG5DQNV6SHDUPDQ¶VDQG&KL6TXDUHWHVWV
5HVXOWV$JH DYHUDJH RI WKH SDWLHQWV ZDV  5 $W WKH
¿UVW YLVLW WRWDO 3$166 DYHUDJH VFRUH ZDV  DW WKH VHFRQG
 DW WKH WKLUG  DW WKH IRXUWK 7KH GH
FUHDVH RI3$166 VFRUHV DUH YHU\PHDQLQJIXO S$W WKH¿UVW YLVLW
%356VFRUHZDVIRXQGDWWKHVHFRQGDWWKHWKLUG
DQGDWWKH¿QDOYLVLW7KHIDOORI%356VFRUHLVYHU\
VLJQL¿FDQW S 6WDWLVWLFO\ WKH 3$166 DQG %356 VFRUHV GHFUHDVH
KDYHVKRZQPHDQLQJIXOOFRUHODWLRQSRISDWLHQWVKDGVLGH
HIIHFWV7KHPRVW IUHTXHQW VLGH HIIHFWVZHUH FRQVWLSDWLRQPRXWK GU\QHVV
YRPLWLQJDQGDPHQRUKHD
&RQFOXVLRQV,QPHWDDQDO\VLVVWXGLHVLWZDVIRXQGWKDWDPLVXOSLULGHLVDV
HIIHFWLYHVHFRQGJHQHUDWLRQDQWLSV\FKRWLF6*$DVULVSHULGRQHDQGRODQ]D
SLQHDQGVLJQL¿FDQWO\PRUHHIIHFWLYHWKDQWKH¿UVWJHQHUDWLRQDQWLSV\FKRWLFV
)*$V7KHUHVXOWVVXJJHVWWKDW$PLVXOSLULGHLVRQHRIWKHVHFRQGJHQHUD
WLRQDQWLSV\FKRWLFFKRLFHWRXVHIRUWKHDFXWHH[DFHUEDWLRQRIVFKL]RIUHQLD
5HIHUHQFHV
'DYLV0-&KHQ1,UD'*OLFN'$0HWDDQDO\VLVRIWKHHI¿FDF\
RIVFRQGJHQHUDWLRQDQWLSV\FKRWLFV$UFK*HQ3V\FKLDWU\V
0|OOHU+-$PLVOSLULGHDUHYLHYRILWVHI¿FDF\LQVFKL]RSKUHQLD$FWD
3V\FKLDWU6FDQ
/HXFKW 6:DO]3LWVFKHO *(QJHO 5 5.LVVOLQJ :$PLVXOSLULGHDQ
XQXVXDO³DW\SLFDO´DQWLSV\FKRWLF$PHWDDQDO\VLVRI UDQGRPL]HGFRQWUROOHG
WULDOV$P-3V\FKLDWU\
&RUUHVSRQGHQFH DGGUHVVHV 6DOLK <DVDU 2]GHQ +XU 6RNDN 1R '
 %DNLUNR\ ,VWDQEXO 7XUNH\ HPDLOR]GHQV\#\DKRRFRP HPDLO
DVOLERVWDQFL#HNROD\QHW $VOL %RVWDQFL 'H¿QH 6RN $OWDQ $S 
<HQLNR\,VWDQEXO7XUNH\
2XUUHJLVWUDWLRQIHHLVJRLQJWREHSDLGE\6DQR¿$YHQWLV&R
32
$ULSLSUD]ROH(IILFDF\E\5HDVRQIRU6ZLWFKLQJ$1DWXUDOLVWLF
6WXG\
+DOXN2]WLU\DN
%ULVWRO0\HUV6TXLEE7XUNH\
0LUDQGD3DQV'XVDQ.RVWLF5REHUW0F4XDGH7DUR,ZDPRWR
2EMHFWLYHV 7R GHVFULEH WKH HI¿FDF\ RI DULSLSUD]ROH IRU VFKL]RSKUHQLD RU
VFKL]RDIIHFWLYH GLVRUGHU DQG SDWLHQW¶V SUHIHUHQFH IRU FKDQJH LQ WKHUDS\
DQDO\]HGE\UHDVRQIRUVWXG\SDUWLFLSDWLRQ
0HWKRGV 7KLV PXOWLFHQWHU RSHQODEHO VWXG\ UDQGRPL]HG  SDWLHQWV
WRDULSLSUD]ROH IRUZHHNV(QUROOHGSDWLHQWVQHHGHGDFKDQJH LQ WKHUDS\
EDVHGRQUHVLGXDOV\PSWRPVRUWROHUDELOLW\LVVXHVZLWKSUHYLRXVWKHUDS\(I
IHFWLYHQHVVZDVPHDVXUHGE\WKH&OLQLFDO*OREDO,PSUHVVLRQ±,PSURYHPHQW
&*,, VFDOH DQG SDWLHQW¶V VDWLVIDFWLRQZLWK WKHUDS\ E\ WKH3UHIHUHQFH RI
0HGLFDWLRQ6FDOH3206
5HVXOWV2YHUDOOPHDQ&*,,VFRUHDWZHHN/2&)ZDVQ 
:KHQ DQDO\]HG E\ SULPDU\ UHDVRQ IRU VWXG\ SDUWLFLSDWLRQ PHDQ VFRUHV
ZHUH SRVLWLYH V\PSWRPV&*,,  Q  QHJDWLYH V\PSWRPV&*,
, Q VRPQROHQFH&*,, Q ZHLJKWJDLQ&*,, 
Q DNDWKLVLD&*,, Q DOOGDWD/2&)2YHUDOOSDWLHQWV
UDWHGDULSLSUD]ROHDV³0XFK%HWWHU´3206 DWZHHN/2&)
3DWLHQWVJLYLQJ3206 VFRUHVDQDO\]HGE\SULPDU\UHDVRQVIRUSDUWLFLSD
WLRQZHUHSRVLWLYH V\PSWRPV QHJDWLYH V\PSWRPV 
VRPQROHQFHZHLJKWJDLQDNDWKLVLDDOOGDWD
/2&)
&RQFOXVLRQV $ULSLSUD]ROH GHPRQVWUDWHG HI¿FDF\ DQG WROHUDELOLW\ LQ WKH
JHQHUDO SV\FKLDWULF VHWWLQJ 6LPLODU LPSURYHPHQWV LQ WUHDWPHQW HIIHFWLYH
QHVVZHUH REVHUYHGZKHQ SDWLHQWVZHUH DQDO\]HG E\ SULPDU\ UHDVRQV IRU
SDUWLFLSDWLRQ
32
&OLQLFDODQG(OHFWURHQFHSKDORJUDSKLF'LIIHUHQFHV4((*
EHWZHHQ6FKL]RSKUHQLF3DWLHQWV7UHDWHGZLWK&ODVVLFDODQG
$W\SLFDO$QWLSV\FKRWLF$JHQWV
0DULD13DSDOLDJD
'HSWRI3V\FKLDWU\6FKRRORI0HGLFLQH8QLYHUVLW\RI7KHVVDOLD
*UHHFH
2'0RX]DV$$+DW]LHIWKLPLRX0$.DUDW]LRX
19$QJHORSRXORV
2EMHFWLYHV 7R H[DPLQH FOLQLFDO DQG HOHFWURHQFHSKDORJUDSKLF GLIIHUHQFHV
EHWZHHQVFKL]RSKUHQLFSDWLHQWVWUHDWHGZLWKFODVVLFDODQGDW\SLFDODQWLSV\
FKRWLFDJHQWV
0HWKRGV )RXUWHHQ ULJKWKDQGHG VFKL]RSKUHQLF SDWLHQWV PHDQ DJH
VG UDQJH \HDUV XQGHU PHGLFDWLRQ ZLWK DW\SLFDO DQWLSV\FKRWLF
DJHQWVZHUHFRPSDUHGWRHOHYHQULJKWKDQGHGSDWLHQWVPHDQDJHVG
UDQJH\HDUVUHFHLYLQJFODVVLFDOQHXUROHSWLFV'LJLWDOHOHFWURHQ
FHSKDORJUDP((*ZDVUHFRUGHGDQGVXEPLWWHGWRTXDQWLWDWLYHWRSRJUDSKLF
VSHFWUXPDQDO\VLV4((*DQGWKH*UHHNYHUVLRQRIWKH3RVLWLYHDQG1HJD
WLYH6\QGURP6FDOH3$166ZDVXVHGWRDVVHVVWKHSDWLHQWV¶FOLQLFDOVWDWH
5HVXOWV$OWKRXJKSDWLHQWVUHFHLYLQJFODVVLFDODQWLSV\FKRWLFVKDGDVWDWLVWL
FDOO\VLJQL¿FDQWSORQJHUGXUDWLRQRILOOQHVVPHDQ\HDUVVG
FRPSDUHG WRSDWLHQWV UHFHLYLQJDW\SLFDO DQWLSV\FKRWLFV PHDQ
VG\HDUVQRVWDWLVWLFDOO\VLJQL¿FDQWGLIIHUHQFHVZHUHREVHUYHGFRQVLG
HULQJWKHSDWLHQWV¶FOLQLFDOVWDWHDVPHDVXUHGE\WKH3$166
$ VWDWLVWLFDOO\ VLJQL¿FDQW LQFUHDVH LQ UHODWLYH Į DFWLYLW\ ZDV REVHUYHG LQ
WKH JURXS RI SDWLHQWV UHFHLYLQJ DW\SLFDO DQWLSV\FKRWLFV LQ )S
)S )S &S &S 3S 7S
 7S 7S 2S 2S OHDGV ZKLOH
D VWDWLVWLFDOO\ VLJQL¿FDQW LQFUHDVH LQ UHODWLYH ȕ DFWLYLW\ ZDV REVHUYHG LQ
SDWLHQWV UHFHLYLQJ FODVVLFDO DQWLSV\FKRWLFV LQ )SS )SS
)S )S & 3S 7 7S
72 OHDGV&RQVLGHULQJį DQGș DFWLYLWLHV QRGLIIHUHQFHV
ZHUHREVHUYHG
&RQFOXVLRQV$W\SLFDODQWLSV\FKRWLFDJHQWVVHHPWREHDVVRFLDWHGZLWKDQ
LQFUHDVH LQ WKH SDWLHQWV¶ UHODWLYH Į DFWLYLW\ ZKLOH FODVVLFDO DQWLSV\FKRWLFV
VHHPWREHDVVRFLDWHGZLWKDQLQFUHDVHLQUHODWLYHȕDFWLYLW\
32
5LVNRI0HWDEROLF6\QGURPHZLWK2ODQ]DSLQHYV$ULSLSUD]ROH
7UHDWPHQW
<RODQGD5LHVJR
%ULVWRO0\HUV6TXLEE6SDLQ
6LPRQ9DQYHJJHO/LQGD+DQVVHQV
2EMHFWLYHV0HWDEROLFV\QGURPHLVDVWURQJGHWHUPLQDQWRIQHZRQVHWGLDEH
WHVDQGP\RFDUGLDOLQIDUFWLRQ,QWKLVDQDO\VLVZHFRPSDUHGWKHLQFLGHQFHRU
ZRUVHQLQJRIPHWDEROLFV\QGURPHRYHUDSHULRGRIRQH\HDUDPRQJSDWLHQWV
IURPSRROHGFOLQLFDOWULDOV
0HWKRGV0HWDEROLFV\QGURPHZDVGH¿QHGE\SUHVHQFHRUH[DFHUEDWLRQRI
WKUHHRXWRI¿YHULVN IDFWRUV2EHVLW\ZDVGH¿QHGDV UHOHYDQWZHLJKWJDLQ
%0,!NJPK\SHUWULJO\FHULGHPLDLQFUHDVHPJGO
039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
ORZ KLJKGHQVLW\ OLSRSURWHLQV  GHFUHDVH  PJGO K\SHUWHQVLRQ
PP+JLQFUHDVHLQGLDVWROLFEORRGSUHVVXUHPP+JRUPP+J
LQFUHDVHV\VWROLFEORRGSUHVVXUHPP+JDQGHOHYDWHGJOXFRVH
LQFUHDVH PJGO.DSODQ0HLHU VXUYLYDO FXUYHVZHUH FRPSXWHG DQG
FRPSDUHGE\ORJUDQNWHVW+D]DUGUDWLRVIRUPHWDEROLFV\QGURPHLQFLGHQFH
EHWZHHQRODQ]DSLQHDQGDULSLSUD]ROHZHUHFRPSXWHGE\&R[UHJUHVVLRQ
5HVXOWV$IWHUZHHNVRI IROORZXSPHWDEROLFV\QGURPHHYHQW UDWHV IRU
DULSLSUD]ROHSDWLHQWVZHUHYHUVXVIRURODQ]D
SLQHSDWLHQWV2QH\HDUHYHQWUDWHVZHUHIRUDULSLSUD]ROHSDWLHQWV
YHUVXV  IRU RODQ]DSLQH SDWLHQWV7KH UHODWLYH ULVN IRUPHWDEROLF
V\QGURPHZDVGRXEOHGIRURODQ]DSLQHSDWLHQWVYHUVXVDULSLSUD]ROHSDWLHQWV
55 &,S 
&RQFOXVLRQV 2QVHW DQG ZRUVHQLQJ RI FOLQLFDOO\ UHOHYDQW PHWDEROLF V\Q
GURPH LV VXEVWDQWLDOO\ JUHDWHU IRU RODQ]DSLQH SDWLHQWV WKDQ DULSLSUD]ROH
SDWLHQWV7KHDVVRFLDWLRQEHWZHHQPHWDEROLFV\QGURPHDQGGLDEHWHVDQGFDU
GLRYDVFXODUGLVHDVHGLFWDWHVFDUHIXOFRQVLGHUDWLRQRIDQWLSV\FKRWLFFKRLFHV
IRUDWULVNSDWLHQWV
32
(IIHFWVRI$ULSLSUD]ROH7UHDWPHQWRQ([FLWHPHQW+RVWLOLW\
6\PSWRPV
(OHQL7VLROND
%ULVWRO0\HUV6TXLEE*UHHFH
+DUU\*R\YDHUWV-HDQ1RHO%HX]HQ:LOOLDP&DUVRQ
7DUR,ZDPRWR
2EMHFWLYHV7KLVDQDO\VLVHYDOXDWHGWKHHIIHFWVRIDULSLSUD]ROHDQHZDQWLS
V\FKRWLFZLWKD ORZSRWHQWLDOIRUVHGDWLRQRQWKHH[FLWHPHQWDQGKRVWLOLW\
V\PSWRPVDVVRFLDWHGZLWKVFKL]RSKUHQLD
0HWKRGV 'DWD IURP VKRUW DQG ORQJWHUP VWXGLHV ZHUH XVHG WR DQDO\]H
FKDQJHV LQ WKHH[FLWHPHQWDQGKRVWLOLW\FOXVWHUGHULYHGE\ IDFWRUDQDO\VLV
RI3$166VFRUHV3RROHGGDWDIURP¿YHVKRUWWHUPPXOWLFHQWHUWULDOVIURP
SDWLHQWVZLWKVFKL]RSKUHQLDRUVFKL]RDIIHFWLYHGLVRUGHUUDQGRPL]HGWRHLWKHU
DULSLSUD]ROHQ RUSODFHERQ ZHUHXVHGLQWKHVKRUWWHUPDQDO\
VLV)RUWKHORQJWHUPGDWDDQDO\VLVDZHHNVWXG\FRPSDULQJDULSLSUD]ROH
Q ZLWKKDORSHULGROQ LQSDWLHQWVZLWKVFKL]RSKUHQLDZDVXVHG
5HVXOWV7KHVKRUWWHUPVWXG\UHVXOWV UHYHDOHGDVLJQL¿FDQWGLIIHUHQFHEH
WZHHQWKHDULSLSUD]ROHDQGSODFHERJURXSVIRUWKHH[FLWHPHQWDQGKRVWLOLW\
IDFWRUVFRUH7KHUHZDVDPHDQLQFUHDVHLHZRUVHQLQJRISRLQWVZLWK
SODFHER FRPSDUHGZLWK DPHDQ GHFUHDVH RI  SRLQWVZLWK DULSLSUD]ROH
3 $QDO\VLV RI WKH WZR ¿[HGGRVH VWXGLHV ZKLFK DOVR LQFOXGHG
DFWLYHFRQWUROKDORSHULGRODUPVDOVRVKRZHGWKDWERWKDULSLSUD]ROHDQGKD
ORSHULGROWUHDWPHQWVVLJQL¿FDQWO\LPSURYHGH[FLWHPHQWDQGKRVWLOLW\VFRUHV
FRPSDUHG ZLWK SODFHER DULSLSUD]ROH ± KDORSHULGRO ± SODFHER
 3 5HVXOWV IURP WKH ORQJWHUP VWXG\ VKRZHG WKDW DW ZHHN
 WKHH[FLWHPHQWDQGKRVWLOLW\VFRUHKDGGHFUHDVHGIURPEDVHOLQHE\
SRLQWVZLWK DULSLSUD]ROH DQG  SRLQWVZLWK KDORSHULGRO WUHDWPHQW7KLV
HIIHFWZDVPDLQWDLQHGRYHUWKHZHHNVWXG\SHULRG
&RQFOXVLRQV7KHVHORQJDQGVKRUWWHUPDQDO\VHVKDYHVKRZQDULSLSUD]ROH
WREHPRUHHIIHFWLYHWKDQSODFHERDQGFRPSDUDEOHWRKDORSHULGROIRUUHGXF
WLRQRIWKHH[FLWHPHQWDQGKRVWLOLW\V\PSWRPVDVVRFLDWHGZLWKVFKL]RSKUH
QLD
32
(IIHFWRI&OR]DSLQHRQ$FWLYH$OORWKHWLF3ODFH$YRLGDQFHLQDQ
$QLPDO0RGHORI6FKL]RSKUHQLD
.DUHO9DOHV
,QVWLWXWHRI3K\VLRORJ\$FDGHP\RI6FLHQFHVRI&]HFK5HSXEOLF
3UDJXH&]HFK5HSXEOLF
9HUD%XEHQLNRYD$OHV6WXFKOLN
,QWURGXFWLRQ$GPLQLVWUDWLRQ RI QRQFRPSHWLWLYH10'$ UHFHSWRU DQWDJR
QLVWVLVXVHGDVDQDQLPDOPRGHORIVFKL]RSKUHQLDOLNHEHKDYLRXU%ORFNDGH
RI 10'$ UHFHSWRUV ZLWK 0. FDXVHV VSHFL¿F EHKDYLRXUDO FKDQJHV
LQFOXGLQJK\SHUORFRPRWLRQVWHUHRW\SLHVVRFLDOGH¿FLWDQGLPSDLUHGVHQVR
ULPRWRUJDWLQJ7KHVHFKDQJHVFDQEHLPSURYHGE\DSSOLFDWLRQRIFODVVLFDO
DQGDW\SLFDODQWLSV\FKRWLFV%XW WKHHIIHFWRIDW\SLFDODQWLSV\FKRWLFVDVLV
FOR]DSLQHRQWKHFRJQLWLYHGH¿FLWIROORZLQJ10'$UHFHSWRUEORFNDGHLVQRW
\HWIXOO\XQGHUVWRRG$LPRIWKHSUHVHQWVWXG\ZDVWRGHWHUPLQHWKHHIIHFWRI
VXEFKURQLFDGPLQLVWUDWLRQ&OR]DSLQHPJNJVFRQWKHFRJQLWLYHGH¿FLW
IROORZLQJDGPLQLVWUDWLRQRIWZRGRVHVRI0.DPJNJLSLQ
WKH$FWLYH$OORWKHWLF3ODFH$YRLGDQFH$$3$WDVN
0HWKRGV$FWLYH$OORWKHWLF 3ODFH$YRLGDQFH $$3$ WDVN D UHFHQWO\ LQ
WURGXFHGEHKDYLRXUDOSDUDGLJPUHTXLUHVDQLPDOVWRDFWLYHO\DYRLGDURRP
IUDPHGH¿QHGVHFWRURQDFRQWLQXRXVO\URWDWLQJDUHQD$XQLTXHIHDWXUHRI
WKLV WDVN LV WKDW WKH UDWV KDYH WR VROYH D FRQÀLFW EHWZHHQ WZR GLVFRUGDQW
VXEVHWVRIVSDWLDOVWLPXOLDVWKHDUHQDURWDWLRQFUHDWHVGLVFUHSDQF\EHWZHHQ
LQIRUPDWLRQIURPWKHURRPIUDPHDQGLQIRUPDWLRQIURPWKHDUHQDIUDPH
5HVXOWV7KHUHVXOWVGHPRQVWUDWHWKDWDSSOLFDWLRQRI0.LQFUHDVHVOR
FRPRWRUDFWLYLW\DQGGHFUHDVHVSDWLDOHI¿FLHQF\PHDVXUHGDVWKHLQFUHDVHG
QXPEHU RI HQWUDQFHV LQWR WKH VKRFN VHFWRU DQG GHFUHDVHGPD[LPXP WLPH
DYRLGHG$GPLQLVWUDWLRQRI&OR]DSLQHGHFUHDVHG WRWDOSDWK WUDYHOOHG LQ WKH
VHVVLRQEXWZDV LQHIIHFWLYH LQDOOHYLDWLQJ WKHFRJQLWLYH LPSDLUPHQWFDXVHG
E\0.
&RQFOXVLRQV:HFRQFOXGHWKDWLQWKH$$3$WDVN&OR]DSLQHLVFDSDEOHRI
GHFUHDVLQJK\SHUORFRPRWLRQEXW LQFDSDEOHRIDOOHYLDWLQJGH¿FLWV LQVSDWLDO
FRJQLWLRQ
$FNQRZOHGJHPHQWV7KLVZRUNZDVVXSRUWHGE\JUDQWV0+&51/
*$&51R3DQGE\WKHE0(<6&5SURMHFW0
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(IILFDF\RI$ULSLSUD]ROH$JDLQVW+RVWLOLW\LQ6FKL]RSKUHQLD
-DQ9RODYND
1DWKDQ.OLQH,QVWLWXWH1HZ<RUN8QLYHUVLW\
3DO&]RERU/HVOLH&LWURPH'XVDQ.RVWLF5RQDOG0DUFXV
6WHUOLQJ+DUG\
2EMHFWLYHV 7KH REMHFWLYH RI WKLV VWXG\ ZDV WR GHWHUPLQH WKH HIIHFWV RI
DULSLSUD]ROHRQKRVWLOLW\
0HWKRGV$WRWDORISDWLHQWVGLDJQRVHGZLWKVFKL]RSKUHQLDRUVFKL]RDI
IHFWLYHGLVRUGHUZHUHWKHVXEMHFWVLQVKRUWWHUPGRXEOHEOLQGVWXGLHVFRP
SDULQJDULSLSUD]ROHZLWKSODFHER7KUHHRIWKHVHVWXGLHVDOVRLQFOXGHG
DFRPSDULVRQZLWKKDORSHULGRO7KH3RVLWLYHDQG1HJDWLYH6\QGURPH6FDOH
3$166 ZDV WKH SULQFLSDO RXWFRPH PHDVXUH LQ WKHVH VWXGLHV 3RVWKRF
DQDO\VHVRIWKH³KRVWLOLW\´LWHPIURPWKH3$166ZHUHFRQGXFWHGXVLQJWKH
GDWDFROOHFWHGDWWKHEDVHOLQHDQGGXULQJWKH¿UVWZHHNVRIWUHDWPHQW7KH
SULPDU\ DQDO\VLV FRPSDUHG WKH HIIHFWV RI DULSLSUD]ROH ZLWK SODFHER 7KH
VHFRQGDU\ DQDO\VLV FRPSDUHG WKH HIIHFWV RI DULSLSUD]ROH KDORSHULGRO DQG
SODFHER7KHSULPDU\DQDO\VLVXVHGSRROHGGDWDRQDULSLSUD]ROHDQGSODFHER
IURPDOO¿YHVWXGLHV7KHVHFRQGDU\DQDO\VLVXVHGSRROHGGDWDIURPWKHWKUHH
VWXGLHVWKDWLQFOXGHGDULSLSUD]ROHSODFHERDQGKDORSHULGROWUHDWPHQWDUP
5DQGRPUHJUHVVLRQKLHUDUFKLFDOOLQHDUPRGHOLQJ+/0ZDVDGRSWHGDVWKH
SULQFLSDOVWDWLVWLFDODSSURDFKIRUWKHVWXG\
5HVXOWV7KHGDWDXQGHUO\LQJWKHSULPDU\DQDO\VLVDUHGLVSOD\HGLQ)LJXUH
 7KH +/0 DQDO\VLV LQGLFDWHV WKDW WKH HIIHFWV RI DULSLSUD]ROH RQ KRVWLO
LW\ZHUHVLJQL¿FDQWO\VXSHULRUWRSODFHERLQWKHRYHUDOODQDO\VLV) 
GI SDQGDWDOO WLPHSRLQWVGXULQJWKHWUHDWPHQWSHULRGRI
 ZHHNV S DW DOO WLPH SRLQWV 7KH GDWD XQGHUO\LQJ WKH VHFRQGDU\
DQDO\VLVDUHLQ)LJXUH7KHDQDO\VLV\LHOGHGDVLJQL¿FDQWRYHUDOOLQWHUDF
WLRQEHWZHHQWUHDWPHQWDQGWLPH) GI S3RVWKRF
DQDO\VHV VKRZHG WKDW WKH HIIHFWV RI DULSLSUD]ROH DQGKDORSHULGROZHUHQRW
VLJQL¿FDQWO\GLIIHUHQWIURPHDFKRWKHULQWKHRYHUDOODQDO\VLVRUDWDQ\WLPH
SRLQW7KHHIIHFWVRIDULSLSUD]ROHDQGKDORSHULGROZHUHVXSHULRUWRSODFHER
LQWKHRYHUDOODQDO\VLV
&RQFOXVLRQV$ULSLSUD]ROHLVDQHIIHFWLYHWUHDWPHQWRIKRVWLOLW\LQSDWLHQWV
ZLWKVFKL]RSKUHQLDRUVFKL]RDIIHFWLYHGLVRUGHU6LQFHDULSLSUD]ROHKDVDEHW
WHUVDIHW\SUR¿OHWKDQKDORSHULGROLWLVDEHWWHUFKRLFHIRUWKHWUHDWPHQWRI
KRVWLOLW\
5HIHUHQFHV
3HWULH-/HWDO$ULSLSUD]ROHDQHZW\SLFDODQWLSV\FKRWLF3KDVH
FOLQLFDOWULDOUHVXOW(XU1HXURSV\FKRSKDUPDFRO6XSSO6
'DQLHO'*HWDO$ULSLSUD]ROHDQRYHODQWLSV\FKRWLF2YHUYLHZ
RID3KDVH,,VWXG\UHVXOW,QW-1HXURSV\FKRSKDUPDFRO6XSSO6
.DQH-0HWDO(I¿FDF\DQGVDIHW\RIDULSLSUD]ROHDQGKDORSHULGRO
YHUVXVSODFHERLQSDWLHQWVZLWKVFKL]RSKUHQLDDQGVFKL]RDIIHFWLYHGLVRUGHU-
&OLQ3V\FKLDWU\
 3RWNLQ 6* HW DO$ULSLSUD]ROH DQ$QWLSV\FKRWLF:LWK D 1RYHO
0HFKDQLVPRI$FWLRQDQG5LVSHULGRQHYV3ODFHERLQ3DWLHQWV:LWK6FKL]R
SKUHQLDDQG6FKL]RDIIHFWLYH'LVRUGHU$UFK*HQ3V\FKLDWU\
$ULSLSUD]ROH&OLQLFDO0RQRJUDSK8QSXEOLVKHG
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
)LJXUH
)LJXUH
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4XHWLDSLQHLQWKH(PHUJHQF\7UHDWPHQWRI6FKL]RSKUHQLF
3DWLHQWVLQ)RUHQVLF3V\FKLDWU\
-RDFKLP*:LW]HO
&HQWUDO6WDWH+RVSLWDORI)RUHQVLF3V\FKLDWU\RI6D[RQLD$Q
KDOWLQD8FKWVSULQJH*HUPDQ\
*XEND85
2EMHFWLYHV4XHWLDSLQHLVDKLJKO\HIIHFWLYHDW\SLFDOQHXUROHSWLFZLWKRQO\
PRGHUDWHVLGHHIIHFWV$VIRUHQVLFSV\FKLDWULFSDWLHQWVWRDODUJHH[WHQWDUH
VWLOOZLGHO\GHQLHGWKHEHQH¿WVRIPRGHUQDQWLSV\FKRWLFWUHDWPHQWZHGRFX
PHQWHGWKHXVHRIWKLVPRGHUQWKHUDS\VWUDWHJ\LQRXUSDWLHQWV
0HWKRGV:H WUHDWHG IRUHQVLFSV\FKLDWULF SDWLHQWV RYHU DSHULRGRI
GD\VZLWK D GRVDJH RI PJ4XHWLDSLQH SHU GD\ ¡ PJSHU
GD\3DWLHQWVZHUHVXIIHULQJ IURPDKLJKO\DFXWHVFKL]RSKUHQLFSV\FKRWLF
FRQGLWLRQ7KH\KDGFRPPLWWHGVHYHUHFULPHVDQGLQDFFRUGDQFHZLWK*HU
PDQ SHQDO ODZ ZHUH WKXV DFTXLWWHG RI JXLOW DQG FRPPLWWHG WR IRUHQVLF
SV\FKLDWULFFDUH5HVXOWVRIWUHDWPHQWZHUHDVVHVVHGE\SV\FKRPHWULFWHVWV
3$166DQG(367KHDYHUDJHDJHRIWKHSDWLHQWVZDV\HDUVPLQ
PD[\HDUV0HGLDQ\HDUV$SSUR[LPDWHO\RIWKHFDVHVZHUH
SUHYLRXVO\WUHDWHGZLWKFRQYHQWLRQDOZLWKDW\SLFDOQHXUROHSWLFV
5HVXOWV7KHWUHDWPHQWRIIRUHQVLFSDWLHQWVZLWKTXHWLDSLQHUHYHDOHGLQ
RIWKHFDVHVDVLJQL¿FDQWFOLQLFDOLPSURYHPHQWFRQVLVWHQWZLWKDGHFUHDVHRI
3$166VFRUHVDYHUDJH6LGHHIIHFWVVXFKDVH[WUDS\UDPLGDOV\PS
WRPVRUSDWKRORJLFDOODERUDWRU\SDUDPHWHUVZHUHQRWREVHUYHG7KHUHZDV
QRWKHUDS\UHODWHGZHLJKWJDLQRIWKHSDWLHQWV
&RQFOXVLRQV1HXUROHSWLFWKHUDS\ZLWKTXHWLDSLQHOHGWRDFRQVLGHUDEOHUH
GXFWLRQRISRVLWLYHDQGQHJDWLYHSV\FKRWLFV\PSWRPV7KHUHZHUHQRPHDV
XUDEOHVLGHHIIHFWV2FFDVLRQDOO\RFFXUULQJZHLJKWJDLQLQSDWLHQWVZDVQRW
WKHUDS\UHODWHGEXWGXHWRWKHUHODWLYHO\KLJKFDORULHGLHW6DPHSHUFHQWDJHRI
ZHLJKWJDLQLQFRQWUROJURXS)XUWKHUPRUHWKHUHZDVDVLJQL¿FDQWUHGXFWLRQ
RIDJJUHVVLYHEHKDYLRXULQDEVHQFHRIDGGLWLRQDOPHGLFDWLRQHJEHQ]RGL
D]HSLQH7KHVH¿QGLQJVOHDGWRWKHFRQFOXVLRQWKDWTXHWLDSLQHLVDQDSSURSUL
DWHDQGEHQH¿FLDOQHXUROHSWLFFKRLFHLQWKHWUHDWPHQWRIDJJUHVVLYHIRUHQVLF
SV\FKLDWULFHPHUJHQF\SDWLHQWVHYHQLIDGPLQLVWHUHGDVDVWULFWPRQRWKHUDS\
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7KH(IIHFWRI+HSDWRSURWHFWRUVRQ,QFUHDVHG6HUXP
7UDQVDPLQDVH,QGXFHGE\$W\SLFDO$QWLSV\FKRWLFV
:RQ0\RQJ%DKN
'HSDUWPHQWRI3V\FKLDWU\6W0DU\¶V+RVSLWDO7KH&DWKROLF
8QLYHUVLW\RI.RUHD6HRXO.RUHD
:RQ.LP-HRQJ+R&KDH7DH<RXQ-XQ.ZDQJ6RR.LP
2EMHFWLYHV$W\SLFDODQWLSV\FKRWLFVDUHUHSRUWHGWRLQGXFHVHUXPWUDQVDPL
QDVHLQFUHDVHIUHTXHQWO\LQ.RUHDDOWKRXJKPRVWFDVHVDUHEHQLJQ6RVRPH
KHSDWRSURWHFWRUVDUHFRPPRQO\SUHVFULEHGWRPDQDJHWUDQVDPLQDVHLQFUHDVH
UDSLGO\ LQ SDWLHQWV ZLWK VFKL]RSKUHQLD:H SHUIRUPHG UHWURVSHFWLYH FKDUW
UHYLHZWRLQYHVWLJDWHWKHHIIHFWRIWZRKHSDWRSURWHFWRUVELSKHQ\OGLPHWK\O
GLFDUER[\ODWHJDUOLF RLO FRPELQDWLRQ %'' DQG VLO\PDULQVLO\ELQ FRP
ELQDWLRQ 605RQ WUDQVDPLQDVH $67$/7 LQFUHDVH LQGXFHGE\DW\SLFDO
DQWLSV\FKRWLFV
0HWKRGV 7KH UHFRUGV RI  VFKL]RSKUHQLF SDWLHQWV ZKR H[SHULHQFH VH
UXP$67$/7 LQFUHDVH DIWHU WUHDWPHQW ZLWK DW\SLFDO DQWLSV\FKRWLFV ZHUH
UHYLHZHG 3DWLHQWV ZLWK SUHH[LVWLQJ OLYHU GLVHDVH RU LQFUHDVHG $67$/7
DERYH LQKRXVH QRUPDO OLPLWDWLRQ DW DGPLVVLRQZHUH H[FOXGHG:H REWDLQ
WKHOHYHORIVHUXP$67$/7DWWKHWLPHRIKHSDWRSURWHFWRUVDGPLQLVWUDWLRQ
ZHHNVZHHNVZHHNVZHHNVDIWHUDGPLQLVWUDWLRQ5HSHDWHG$QDO\VHV
RIYDULDQFHZHUHFRQGXFWHGWRLGHQWLI\VHTXHQWLDOFKDQJHRIVHUXP$67$/7
OHYHO DQG)LVKHU¶V H[DFW WHVWZHUH FRQGXFWHG WR GHWHFW WKH LPSDFW RI WZR
KHSDWRSURWHFWRUVRQQXPEHURISDWLHQWVZKRVHVHUXP$67$/7OHYHOVZHUH
QRUPDOL]HGEHORZLQKRXVHXSSHUQRUPDOOLPLWDWLRQ
5HVXOWV$PRQJ DOO SDWLHQWV  SDWLHQWV ZHUH WUHDWHG ZLWK %'' DQG 
SDWLHQWVZHUHWUHDWHGZLWK6050HDQDJHRIDOOSDWLHQWVZDV
ZDVPDOHDQGZDVIHPDOH$IWHUDGPLQLVWUDWLRQRIKDSDWRSURWHFWRUV
ERWKVHUXP$67DQG$/7OHYHOZHUHVLJQL¿FDQWO\UHGXFHGGXULQJZHHNV
) S ) S :HFRXOGVHHWKDWERWK$67DQG$/7
OHYHOZHUHVLJQL¿FDQWO\UHGXFHGLQRQO\RQHZHHNW S W 
S %''ZDVVXSHULRUWR605LQQXPEHURISDWLHQWVZKRVH$/7OHYHO
ZDVUHGXFHGEHORZLQKRXVHXSSHUOLPLWDWLRQDIWHUZHHNV
S EXWWKHUHZDVQRGLIIHUHQFHEHWZHHQ%''DQG605LQDVSHFWWR
$67OHYHO
&RQFOXVLRQV %RWK KHSDWRSURWHFWRUV %'' DQG 605 ZHUH HIIHFWLYH LQ
UHGXFLQJ VHUXP$67$/7 OHYHO LQFUHDVHG E\ DW\SLFDO DQWLSV\FKRWLFV HV
SHFLDOO\ZLWKLQRQO\RQHZHHN,QFUHDVHGOLYHUHQ]\PHZHUHQRUPDOL]HGLQ
PRVW SDWLHQWVZLWKLQ ZHHNV%''ZDV VXSHULRU WR605 LQQRUPDOL]LQJ
VHUXP$/7OHYHO
5HIHUHQFHV)X7/LX*3URWHFWLYHHIIHFWVRIGLPHWK\OµGLPHWK
R[\µµGLPHWK\OHQH GLR[\ELSKHQ\OµGHFDUER[\ODWH RQ GDPDJHV
RILVRODWHGUDWKHSDWRF\WHVLQGXFHGE\FDUERQWHWWUDFKORULGHDQG'JDODFWRV
DPLQH%LRPHG(QYLURQ6FL
6HOLP..DSORZLW]1+HSDWRWR[LFLW\RISV\FKRWURSLFGUXJV+HSD
WRORJ\
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8WLOL]DWLRQDQG'RVLQJRI)LUVW/LQH6HFRQG*HQHUDWLRQ
$QWLSV\FKRWLFV&KDQJHV)URPWR
/HVOLH&LWURPH
1DWKDQ6.OLQH,QVWLWXWHIRU3V\FKLDWULF5HVHDUFKDQG1HZ<RUN
8QLYHUVLW\6FKRRORI0HGLFLQH86$
$UL-DIIH-HURPH/HYLQH
2EMHFWLYHV7RGHVFULEHWKHXWLOL]DWLRQDQGGRVLQJRI¿UVWOLQHVHFRQGJHQ
HUDWLRQDQWLSV\FKRWLFVULVSHULGRQHRODQ]DSLQHTXHWLDSLQH]LSUDVLGRQHDQG
DULSLSUD]ROHDPRQJLQSDWLHQWVLQVWDWHRSHUDWHGSV\FKLDWULFFHQWHUVLQ1HZ
<RUN6WDWH86$IRUWKHSHULRG
0HWKRGV,QIRUPDWLRQRQSDWLHQWVDQGWKHLUDQWLSV\FKRWLFPHGLFDWLRQWUHDW
PHQWZDVH[WUDFWHGIURPDGDWDEDVHFRQWDLQLQJGUXJSUHVFULSWLRQLQIRUPD
WLRQIURPWKHLQSDWLHQWIDFLOLWLHVRSHUDWHGE\WKH1HZ<RUN6WDWH2I¿FHRI
0HQWDO+HDOWK7KHSULQFLSDOSHULRGFRYHUHGZDV$SULOWKURXJK-XQH
1 8WLOL]DWLRQDQGGRVLQJWUHQGVRYHUWLPHZHUHFDOFXODWHG
E\H[DPLQLQJWKHVHFRQGTXDUWHURIFDOHQGDU\HDUV'RVHGLVWUL
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
EXWLRQIRUHDFKDQWLSV\FKRWLFZDVH[DPLQHGE\GLDJQRVLVHWKQLFLW\JHQGHU
DQGOHQJWKRIVWD\WKHODWWHUXVHGDVDSUR[\IRUVHYHULW\RILOOQHVV'RVLQJ
RIDQWLSV\FKRWLFVZKHQFRSUHVFULEHGZLWKHDFKRWKHUZDVFDOFXODWHGXVLQJ
GDWDIURP1RYHPEHU
5HVXOWV0HDQGDLO\ GRVH RI FHUWDLQ DQWLSV\FKRWLFV GLIIHUV E\ DVPXFK DV
IURPZKHQWKHSURGXFWZDVLQWURGXFHGWRWKHSUHVHQWWLPH$PRQJWKH
SDWLHQWVSUHVFULEHGTXHWLDSLQHLQWKHVHFRQGTXDUWHURI1 WKH
DYHUDJHGDLO\GRVHZDVPJZLWKUHFHLYLQJDGDLO\GRVHH[FHHG
LQJPJDQGH[FHHGLQJPJ,QWKHHTXLYDOHQWSHULRGLQ
DYHUDJHGDLO\GRVHRITXHWLDSLQH1 ZDVPJZLWKRQO\
UHFHLYLQJ D GDLO\ GRVH H[FHHGLQJ  PJ /LNHZLVH IRU RODQ]DSLQH WKH
SHUFHQWDJHRISDWLHQWVUHFHLYLQJGRVHVLQH[FHVVRIPJGD\LQZDV
VXEVWDQWLDODWRISDWLHQWVFRPSDUHGZLWKRISDWLHQWV
LQ (OHYDWLRQV LQ DYHUDJHGDLO\ GRVHRI ]LSUDVLGRQH DQG DULSLSUD]ROH
KDYHEHHQPRUHPRGHVW7KHRSSRVLWH WUHQGKDVRFFXUUHG IRU ULVSHULGRQH
ZKHUHLQSDWLHQWVSUHVFULEHGULVSHULGRQH1 UHFHLYHGDQDYHUDJH
GDLO\ GRVHRI PJ VXEVWDQWLDOO\ ORZHU WKDQ WKH DYHUDJHRI PJGD\
UHFHLYHGLQ1 &RSUHVFULSWLRQUDWHVDUHKLJKDQGWKHUDWLRRI
FRSUHVFULSWLRQVYHUVXVPRQRWKHUDS\SUHVFULSWLRQVLVIRUTXHWLDSLQH
IRURODQ]DSLQHIRUULVSHULGRQHIRU]LSUDVLGRQHDQGIRUDULSLSUD
]ROH'RVHGRHVQRW FKDQJH VXEVWDQWLDOO\ZKHQDQWLSV\FKRWLFV DUHXVHGDV
PRQRWKHUDS\RUZKHQFRSUHVFULEHGZLWKRWKHUDQWLSV\FKRWLFV
&RQFOXVLRQV5HFRPPHQGHGGRVHUDQJHVREWDLQHGGXULQJGUXJUHJLVWUDWLRQ
WULDOVGRQRWQHFHVVDULO\PDWFKZKDWLVXVHGLQDFWXDOFOLQLFDOSUDFWLFHVHW
WLQJVRQFHVXI¿FLHQWFOLQLFDOH[SHULHQFHKDVDFFXPXODWHG3KDVH,9FOLQLFDO
WULDOVWKDWVSHFL¿FDOO\WDUJHWPRUHGLI¿FXOWWRWUHDWSDWLHQWVDUHQHHGHG
5HIHUHQFHV
&LWURPH/9RODYND-2SWLPDO'RVLQJRI$W\SLFDO$QWLSV\FKRWLFVLQ
$GXOWV$5HYLHZRIWKH&XUUHQW(YLGHQFH+DUYDUG5HYLHZRI3V\FKLDWU\

&LWURPH / -DIIH $ /HYLQH - LQ SUHVV 'RVLQJ RI 6HFRQG*HQHUDWLRQ
$QWLSV\FKRWLF0HGLFDWLRQ LQ D 6WDWH+RVSLWDO 6\VWHP -RXUQDO RI&OLQLFDO
3V\FKRSKDUPDFRORJ\
-DIIH $% /HYLQH -  $QWLSV\FKRWLF PHGLFDWLRQ FRSUHVFULELQJ LQ D
ODUJHVWDWHKRVSLWDOV\VWHP3KDUPDFRHSLGHPLRORJ\DQG'UXJ6DIHW\

32
7UHDWPHQW(IIHFWLYHQHVVE\7LPH&RQWLQXLQJRQ$QWLSV\FKRWLFV
-HQQLIHU&XUU\
/LOO\5HVHDUFK/DERUDWRULHV86$
&KDUOHV0%HDVOH\-U9LUJLQLD/6WDXIIHU+RQJ/LX6HLIHUW
(GXDUGR'XQD\HYLFK
2EMHFWLYHV$OOFDXVH WUHDWPHQWGLVFRQWLQXDWLRQ LVDQ LPSRUWDQW ORQJWHUP
FOLQLFDOHQGSRLQW,QWKHVHSRVWKRFDQDO\VHVZHH[DPLQHGFRQWLQXDWLRQRQ
DQWLSV\FKRWLFWKHUDS\LQKHDGWRKHDGFOLQLFDOVWXGLHVRIRODQ]DSLQHYHUVXV
RWKHUDQWLSV\FKRWLFVW\SLFDODQGDW\SLFDO
0HWKRGV6WXGLHVZHUHLQFOXGHGLQWKLVLQWHJUDWHGDQDO\VLVLIWKH\PHWWKH
IROORZLQJFULWHULD GXUDWLRQRIZHHNV GRXEOHEOLQG UDQGRPL]HG WUHDW
PHQW DVVLJQPHQW  SDWLHQWV SHU WUHDWPHQW DUP QR SURWRFROVSHFL¿HG
GH¿QLWLRQIRUPDQGDWRU\GLVFRQWLQXDWLRQSULRUWRZHHNV$PHWDDQDO\VLV
ZDV SHUIRUPHG IRU HDFK VSHFL¿F FRPSDUDWRU XVLQJ DOO DYDLODEOH VWXGLHV
:KHQRQO\DVLQJOHVWXG\PHWLQFOXVLRQFULWHULDIRUDJLYHQFRPSDUDWRUWKH
DYDLODEOHVWXG\ZDVDQDO\]HGVHSDUDWHO\2YHUDOOVWXGLHVZHUHLGHQWL¿HG
WKDWPHW WKH LQFOXVLRQFULWHULD3DWLHQWV¶GLDJQRVHV LQFOXGHG '60,975
VFKL]RSKUHQLD VFKL]RSKUHQLIRUP GLVRUGHU DQG VFKL]RDIIHFWLYH GLVRUGHU
'DWDIRUVWXGLHVRODQ]DSLQHYV]LSUDVLGRQHRODQ]DSLQHYVDULSLSUD]ROH
ZHUHQRWDYDLODEOH%DVHGRQWKHFRQWLQXDWLRQWLPHLQWKHVWXGLHVZHLJKWHG
PHDQKD]DUGUDWLRV+5VJUHDWHU+5VLQGLFDWLQJJUHDWHUULVNRIGLVFRQWLQX
DWLRQRQ FRPSDUDWRU UHODWLYH WRRODQ]DSLQH DQGFRQ¿GHQFH LQWHUYDOV
&,V ZHUH FDOFXODWHG 7KH QXPEHUV RI FRPSDUDWLYH VWXGLHV LQFOXGHG LQ
WKHVHPHWDDQDO\VHVDQGWKHFRPELQHGQXPEHURISDWLHQWVZHUHDVIROORZV
 RODQ]DSLQH Q  YV KDORSHULGRO Q   RODQ]DSLQH Q  YV
ULVSHULGRQHQ RODQ]DSLQHQ YV]LSUDVLGRQHQ RODQ
]DSLQH Q  YV FOR]DSLQH Q 2QO\ VLQJOH VWXGLHVZHUH DYDLODEOH
IRUWKHIROORZLQJFRPSDUDWRUVRODQ]DSLQHQ YVÀXSKHQD]LQHQ 
RODQ]DSLQHQ YVSHUSKHQD]LQHQ RODQ]DSLQHQ YVDPLVXO
SULGHQ DQGRODQ]DSLQHQ YVTXHWLDSLQHQ 
5HVXOWV7KH+5V&,VIRUFRPSDUDWRUVUHODWLYHWRRODQ]DSLQHLQFOXGHGLQ
WKHPHWDDQDO\VHV ZHUH DV IROORZV KDORSHULGRO    S
ULVSHULGRQH S ]LSUDVLGRQH S
DQGFOR]DSLQH S 7KHKHWHURJHQHLW\WHVWVIRUDOOWUHDW
PHQWFRPSDULVRQVZHUHQRWVLJQL¿FDQWLQGLFDWLQJQRVLJQL¿FDQWLQWHUDFWLRQ
EHWZHHQ WUHDWPHQW HIIHFW DVPHDVXUHG E\+5V DQG WKH UHVSHFWLYH VWXG\
7KH+5V &,V IRU VLQJOH VWXG\ FRPSDUDWRUV UHODWLYH WR RODQ]DSLQHZHUH
ÀXSKHQD]LQH S SHUSKHQD]LQH 
S DPLVXOSULGH S DQGTXHWLDSLQH 
S 
&RQFOXVLRQV2ODQ]DSLQHDSSHDUVWREHDVVRFLDWHGZLWKVLJQL¿FDQWO\ORQJHU
FRQWLQXDWLRQRI WUHDWPHQW UHODWLYH WRKDORSHULGRO ULVSHULGRQH]LSUDVLGRQH
DQGTXHWLDSLQHEXWQRWFOR]DSLQH7KHVLQJOHVWXG\QDWXUHDQGVPDOOVDPSOH
VL]HVRIWKHÀXSKHQD]LQHSHUSKHQD]LQHDQGDPLVXOSULGHFRPSDUDWRUVWXGLHV
SUHFOXGHLQWHUSUHWDWLRQRIWKHUHVXOWV
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&RPSDULVRQRI$QWLSV\FKRWLF'UXJVRQ$PSKHWDPLQHDQG
3KHQF\FOLGLQH,QGXFHG+\SHUDFWLYLW\LQ5DWV
,VWYiQ*\HUW\iQ
'HS%HKDYLRXUDO3KDUPDFRORJ\*HGHRQ5LFKWHU/WG+XQJDU\
.DWDOLQ6iJK\
2EMHFWLYHV5HFHQWWKHRULHVRIVFKL]RSKUHQLDHPSKDVL]HWKHUROHRIJOXWDPD
WHUJLFGH¿FLWLQWKHSDWRPHFKDQLVPRIWKHGLVHDVH7KHJOXWDPDWHDQWDJRQLVW
SKHQF\FOLGLQH3&3LQGXFHVSV\FKRVLVLQPDQZKLFKPLPLFNVDZLGHUVSHF
WUXPRIVFKL]RSKUHQLFV\PSWRPVFRPSDUHGWRWKHSV\FKRWLFVWDWHLQGXFHGE\
DPSKHWDPLQH7KLV FOLQLFDOREVHUYDWLRQKDVXSJUDGHG WKHSUHGLFWLYHYDOXH
RI 3&3LQGXFHG EHKDYLRXUV DV DQLPDOPRGHOV RI VFKL]RSKUHQLD FRPSDUHG
WRWKDWRIDPSKHWDPLQHLQGXFHGUHVSRQVHV2XUDLPZDVWRFRPSDUHWKHHI
IHFWVRIYDULRXVPDUNHWHGDQWLSV\FKRWLFVRQDPSKHWDPLQHDQG3&3LQGXFHG
K\SHUDFWLYLW\LQRUGHUWRVHHZKHWKHUWKHUHDUHGLIIHUHQFHVZKLFKPD\UHÀHFW
WKHFOLQLFDOH[SHULHQFHZLWKWKHVHGUXJV
0HWKRGV0RWRU DFWLYLW\ RI PDOH:LVWDU UDWV ZDV PHDVXUHG LQ SKRWRFHOO
DFWLYLW\FDJHVGXULQJPLQSHULRGVLPPHGLDWHO\DIWHUGDPSKHWDPLQH
PJNJVFRU3&3PJNJVFWUHDWPHQW$QWLSV\FKRWLFVZHUHDGPLQVWHUHG
RUDOO\PLQEHIRUHWKHSV\FKRVWLPXODQWV
5HVXOWV (DFK RI WKH WHVWHG FRPSRXQGV GRVHGHSHQGHQWO\ LQKLELWHG DP
SKHWDPLQHLQGXFHG K\SHUPRWLOLW\ \LHOGLQJ (' YDOXHV RI  
  DQG  IRU KDORSHULGRO ULVSHULGRQH RODQ]DSLQH FOR]DSLQH DQG
DULSLSUD]ROH UHVSHFWLYHO\ 7KH LQKLELWLRQ DSSURDFKHG RU UHDFKHG  LQ
HYHU\FDVH,QFRQWUDVWWKHFRPSRXQGVSURYHGWREHPXFKOHVVHI¿FDFLRXV
DJDLQVWWKHVWLPXODWLQJHIIHFWRI3&3+DORSHULGROSURGXFHGDPRUHRUOHVV
GRVHGHSHQGHQWLQKLELWLRQ(' PJNJDQGFOR]DSLQHDOVRVKRZHG
DSSUDQWDJRQLVPDWDGRVHWLPHVKLJKHUWKDQLWV('YDOXHDJDLQVW
DPSKHWDPLQH 5LVSHULGRQH DFKLHYHG WKH VDPH GHJUHH RI LQKLELWLRQ DW 
PJNJGRVHZKLOHRODQ]DSLQHHYHQVJLQ¿FDQWO\LQFUHDVHGWKH3&3UHVSRQVH
XSWRPJNJGRVH$ULSLSUD]ROH\LHOGHGDEHOOVKDSHGLQKLELWRU\FXUYHZLWK
DSHDNHIIHFWRIQHDUO\DWWKHGRVHRIPJNJ
&RQFOXVLRQV7KH LQKLELWRU\ SRWHQF\ RI WKH FRPSRXQGV DJDLQVW DPSKHWD
PLQHPRUH RU OHVV FRUUHODWHV WR WKHLU FOLQLFDO SRWHQF\7KH ¿QDO FRPPRQ
SDWKZD\RIERWKDPSKHWDPLQHDQG3&3LQGXFHGK\SHUDFWLYLW\LVVXSSRVHG
WR EH DQ LQFUHDVHG GRSDPLQH UHOHDVH LQ WKHPHVROLPELF SDWKZD\$FFRUG
LQJO\ DQWLSV\FKRWLFV VKRXOG LQKLELW ERWK UHVSRQVHV LQ WKH VDPH RUGHU RI
SRWHQF\+RZHYHULQRXUH[SHULPHQWULVSHULGRQHDQGRODQ]DSLQHSURYHGWR
EHUHODWLYHO\OHVVHIIHFWLYHDJDLQVW3&3WKDQDJDLQVWDPSKHWDPLQHFRPSDUHG
WRKDORSHULGRODQGFOR]DSLQH$ULSLSUD]ROHVKRZHGVLPLODUSRWHQF\DJDLQVW
3&3DQGDPSKHWDPLQHLQWHUPVRI('KRZHYHULWVHI¿FDF\ZDVRQO\SDU
WLDOLQWKHIRUPHUFDVH7KHREVHUYHGRUGHURISRWHQF\DJDLQVW3&3GRHVQRW
UHÀHFWWKHDWLSLFDOLW\LHOHVV(36DQGRUHI¿FDF\RQQHJDWLYHV\PSWRPV
RI WKH FRPSRXQGVHLWKHU%DVHGRQRXU UHVXOWV3&3LQGXFHGK\SHUDFWLYLW\
GRHVQRWVHHPWRSURYLGHVSHFL¿FDGYDQWDJHHJEHWWHUSUHGLFWLYHRUIDFH
YDOLGLW\ RYHU DPSKHWDPLQHLQGXFHG K\SHUDFWLYLW\ DV DQ DQLPDOPRGHO RI
VFKL]RSKUHQLD
039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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5LVSHULGRQH,QGXFHG5HWURJUDGH(MDFXODWLRQ
&KULVWLQD/HRWVDNRX
'URPRNDLWLRQ3V\FKLDWULF+RVSLWDO$WKHQV*UHHFH
$LNDWHULQL.DORJHURSRXORX$QGUHDV6DUGLV0DULD/HSHQLRWL
,RXOLDQL.RXORXURX3HULNOHV3DWHUDNLV
6H[XDO VLGH HIIHFWV KDYH EHHQ GHVFULEHG DV D FRQVHTXHQFH RI ERWK FRQ
YHQWLRQDODQGQRYHODQWLSV\FKRWLFV7KHHWLRORJ\RIDQWLSV\FKRWLFLQGXFHG
VH[XDOG\VIXQFWLRQLVPXOWLIDFWRULDO,PSDLUHGVH[XDOIXQFWLRQLQJQHJDWLYHO\
LPSDFWV WUHDWPHQW FRPSOLDQFH DV ZHOO DV WKH TXDOLW\ RI OLIH 5HWURJUDGH
HMDFXODWLRQ KDV EHHQ UHSRUWHG LQ DVVRFLDWLRQ ZLWK W\SLFDO DQWLSV\FKRWLFV
HVSHFLDOO\ WKLRULGD]LQH DQG DOVR FOR]DSLQH ,W LV SUHVXPDEO\ UHODWHG WR
DOSKDDGUHQHUJLFUHFHSWRUDQWDJRQLVP
:HGHVFULEHWZRFDVHVWKH¿UVWRID\HDUROGPDQZLWKELSRODUGLVRUGHU
DQG WKH VHFRQG RI D \HDUROG PDQ ZLWK SDUDQRLG VFKL]RSKUHQLD ZKR
H[SHULHQFHG UHWURJUDGH HMDFXODWLRQ ZKLOH WDNLQJ PJ DQG PJ D GD\ RI
ULVSHULGRQHUHVSHFWLYHO\DQGWKLVKDGQHJDWLYHHIIHFWVRQWKHLUFRPSOLDQFH
5HVWRUDULRQRIHMDFXODWLRQRFFXUUHGZLWKDULVSHULGRQHGRVDJHUHGXFWLRQWR
PJGD\DQGDGGLWLRQRIWRSLUDPDWHLQRXU¿UVWSDWLHQW7KHVHFRQGRQHZDV
FRPSXOVRULO\UHDGPLWWHGWRRXUKRVSLWDODQGZDVSXWRQTXHWLDSLQH
5LVSHULGRQHDSRWHQWDOSKDDGUHQRUHFHSWRUDQWDJRQLVWZLWKDKLJKDI¿QLW\
.LRISUHVXPDEO\FDXVHVHMDFXODWLRQ LQWR WKHEODGGHUE\DOWHULQJ WKH
V\PSDWKHWLFWRQHRIWKHEODGGHURUXUHWKUDOVSKLQFWHUDVZLWKDOONQRZQGUXJ
UHSRUWVRIUHWURJUDGHHMDFXODWLRQ7KHUDSLGGRVDJHHVFDODWLRQDVGHVFULEHG
LQRWKHUFDVHVRIQHXUROHSWLFLQGXFHGUHWURJUDGHHMDFXODWLRQDQGDKLJKGRVH
PD\FRQWULEXWHWRLWVHPHUJHQFH7KHLQFLGHQFHDQGFOLQLFDOLPSOLFDWLRQVRI
ULVSHULGRQHLQGXFHGUHWURJUDGHHMDFXODWLRQDQGLWVHIIHFWRQSDWLHQWFRPSOL
DQFHDUHEHLQJGLVFXVVHG
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$FXWH(IILFDF\RI$ULSLSUD]ROHLQ6FKL]RSKUHQLDZLWK/RZ
6HGDWLRQ
-HDQ<YHV/R]H
%ULVWRO0\HUV6TXLEE)UDQFH
0DKD5DGKDNULVKQDQ6WHSKHQ.DSOLWD$QGUHL3LNDORY
5REHUW0F4XDGH
2EMHFWLYHV7RHYDOXDWHWKHHI¿FDF\RIDULSLSUD]ROHLQGHFUHDVLQJWKHKRV
WLOLW\DQGSV\FKRWLF V\PSWRPVRI VFKL]RSKUHQLDZKLOHSURGXFLQJPLQLPDO
VHGDWLRQ
0HWKRGV'DWDIURPVL[GRXEOHEOLQGUDQGRPL]HGVFKL]RSKUHQLDWULDOVZHUH
LQFOXGHG)LYH±ZHHNDFXWHLQSDWLHQWWULDOVZHUHSRROHGDULSLSUD]ROH
SODFHERDQG3$166VFRUHVLQFOXGLQJWKHKRVWLOLW\H[FLWDELOLW\IDFWRU
ZHUHDQDO\]HG7KHVDPHPHDVXUHVZHUHDQDO\]HGIURPDZHHNPDLQWH
QDQFHWULDODULSLSUD]ROHKDORSHULGRO
5HVXOWV ,Q WKH DFXWH WULDOV DULSLSUD]ROH ±PJGD\ VKRZHG VLJQL¿FDQW
GHFUHDVHV LQ 3$166 7RWDO 3RVLWLYH 1HJDWLYH DQG +RVWLOLW\([FLWDELOLW\
V\PSWRPV6HGDWLRQZDVUHSRUWHGIRURIWKHSODFHERWUHDWHGDQGRI
DULSLSUD]ROHWUHDWHGSDWLHQWV1RWDEO\RIWKHSDWLHQWVZKRZHUHFRQVLG
HUHGWRKDYHUHVSRQGHGWRWKHUDS\EDVHGRQ&*,,RUUHGXFWLRQLQ3$166
VFRUHGLGQRWH[SHULHQFHVHGDWLRQ7KHHIIHFWVRIDULSLSUD]ROHRQUHGXFWLRQRI
KRVWLOLW\V\PSWRPVZHUHIRXQGWREHLQGHSHQGHQWRIVHGDWLYHHIIHFWV,QWKH
ZHHNPDLQWHQDQFHWULDODULSLSUD]ROHPJGD\DQGKDORSHULGROPJ
GD\VKRZHGVLPLODUUHGXFWLRQRIRYHUDOOV\PSWRPDWRORJ\DVZHOODVVLPLODU
UHGXFWLRQ LQ KRVWLOLW\H[FLWDELOLW\ V\PSWRPV 6RPQROHQFH UDWHV DFURVV 
ZHHNVZHUHZLWKDULSLSUD]ROHDQGZLWKKDORSHULGRO
&RQFOXVLRQV,QERWKDFXWHDQGPDLQWHQDQFHWULDOVDULSLSUD]ROHGHPRQVWUDW
HGVLJQL¿FDQW LPSURYHPHQWV LQSRVLWLYHQHJDWLYHDQGKRVWLOLW\ V\PSWRPV
ZLWK ORZ LQFLGHQFHRI VHGDWLRQ5HVSRQVH WRDULSLSUD]ROH WKHUDS\ZDVQRW
IRXQGWREHUHODWHGWROHYHORIVHGDWLRQ
32
&UHDWLQH.LQDVHGXULQJ$W\SLFDORU&ODVVLFDO$QWLSV\FKRWLF
7KHUDS\
.ULVWLQD0HONHUVVRQ
6ROOHQWXQD3V\FKLDWULF3RO\FOLQLFDQG'HSDUWPHQWRI0ROHFXODU
0HGLFLQH.DUROLQVND,QVWLWXWH6ZHGHQ
2EMHFWLYHV &UHDWLQH NLQDVH &. LV DQ LPSRUWDQW HQ]\PH LQ WKH HQHUJ\
PHWDEROLVPRIPDQ\FHOOW\SHVDPRQJWKHPVNHOHWDOPXVFOHFHOOV&KDQJHV
LQ VNHOHWDOPXVFOH FHOO PHPEUDQHVPD\ OHDG WR LQFUHDVHG OHDNDJH RI &.
IURPPXVFOHFHOOVZLWKDQHOHYDWLRQRIVHUXP&.OHYHOVDVDFRQVHTXHQFH
3UHYLRXVFDVHUHSRUWVDQGVWXGLHVVXJJHVWWKDWWKHUDS\ZLWKVRPHDW\SLFDO
DQWLSV\FKRWLFV EXWQRW FODVVLFDO DJHQWVPD\EHDVVRFLDWHGZLWK LQFUHDVHG
VHUXP&.OHYHOV7KHSXUSRVHRI WKLVVWXG\ZDVWRPDNHDFRPSDULVRQRI
VHUXP&.OHYHOVLQFKURQLFSV\FKRVLVSDWLHQWVWUHDWHGZLWKHLWKHUWKHDW\SL
FDODQWLSV\FKRWLFVFOR]DSLQHRURODQ]DSLQHRUFODVVLFDODQWLSV\FKRWLFV
0HWKRGV  FKURQLF SV\FKRVLV SDWLHQWV ZLWK QR GLVHDVHV WKDW FRXOG DI
IHFW VHUXP&. OHYHOVZHUH VWXGLHG2I WKHVH SDWLHQWV ZHUH UHFHLYLQJ
FOR]DSLQHRODQ]DSLQHDQGFODVVLFDODQWLSV\FKRWLFV0HGLDQWUHDWPHQW
WLPH ZLWK WKH FXUUHQW DQWLSV\FKRWLFV ZDV  UDQJH  \HDUV DQG
WKHPHGLDQGDLO\GRVHZDVPJRIFOR]DSLQHPJRIRODQ]DSLQHDQG
PJFKORUSURPD]LQHHTXLYDOHQWVRI WKHFODVVLFDODJHQWV)DVWLQJVHUXP
VDPSOHVZHUH FROOHFWHG LQ WKHPRUQLQJ SULRU WRPHGLFDWLRQ DQG VWRUHG DW
Û&IRUQRWORQJHUWKDQDPRQWKEHIRUHDQDO\VLVRI&.DQGDQWLSV\FKRWLF
GUXJFRQFHQWUDWLRQV
5HVXOWV $ VLJQL¿FDQW GLIIHUHQFH LQ PHGLDQ &. OHYHO ZDV IRXQG DPRQJ
WKH WUHDWPHQW JURXSV S  LQ WKDW WKH &. OHYHO ZDV KLJKHU ERWK LQ
WKH SDWLHQWV UHFHLYLQJ FOR]DSLQH DQG LQ WKH SDWLHQWV UHFHLYLQJ RODQ]DSLQH
FRPSDUHG WR WKDW LQ SDWLHQWV UHFHLYLQJ FODVVLFDO DQWLSV\FKRWLFV PHGLDQV
PLQPD[EHLQJDQG8/YHUVXV8/
,Q DGGLWLRQ HOHYDWHG&. OHYHOV DERYH WKHXSSHUQRUPDO OLPLW PHQ
ZRPHQ  8/ ZHUH IRXQG LQ   RI WKH SDWLHQWV WUHDWHG ZLWK
FOR]DSLQHRURODQ]DSLQH+RZHYHUQRFRUUHODWLRQVZHUHIRXQGEHWZHHQ&.
OHYHOVDQGWKHDQWLSV\FKRWLFGUXJFRQFHQWUDWLRQV
&RQFOXVLRQV7KH UHVXOWVRI WKLV VWXG\VXSSRUW WKHYLHZ WKDW WKHUDS\ZLWK
DW\SLFDODQWLSV\FKRWLFVVXFKDVFOR]DSLQHDQGRODQ]DSLQHLQFRQWUDVWWRFODV
VLFDODQWLSV\FKRWLFVPD\EHDVVRFLDWHGZLWKLQFUHDVHGOHDNDJHRI&.IURP
VNHOHWDOPXVFOHFHOOVWRSODVPD
5HIHUHQFHV
 &RIIH\ -: +HDWK 5* *XVFKZDQ $)  6HUXP FUHDWLQH NLQDVH
DOGRODVHDQGFRSSHULQDFXWHDQGFKURQLF
VFKL]RSKUHQLFV%LRO3V\FKLDWU\
.HVKDYDQ066WHFNHU-.ULVKQD.DPEKDPSDWL5&UHDWLQHNLQDVH
HOHYDWLRQVZLWKFOR]DSLQH%ULW-3V\FKLDWU\
6FHOVD616LPSVRQ'00F4XLVWLRQ+/)LQHPDQ$$XOW.5HLFKOHU
%&OR]DSLQHLQGXFHGP\RWR[LFLW\LQSDWLHQWVZLWKFKURQLFSV\FKRWLF
GLVRUGHUV1HXURORJ\
0DUFXV(/9DVV$=LVOLQ-0DUNHGHOHYDWLRQRIVHUXPFUHDWLQH
NLQDVHDVVRFLDWHGZLWKRODQ]DSLQHWKHUDS\$QQ3KDUPDFRWKHU
32
&XUUHQW6WDWHRI5HVHDUFKRI$QWLSV\FKRWLF$XJPHQWDWLRQ
6WUDWHJLHVLQ3DWLHQWV5HVLVWDQWWR&OR]DSLQH
1LOXIDU0RVVDKHE
'HSDUWPHQWRI*HQHUDO3V\FKLDWU\0HGLFDO8QLYHUVLW\9LHQQD
$XVWULD
7UDZDW$WWDUEDVFKL-XOLD6DFKHU7KRPDV*HLVV*UDQDGLD
6LHJIULHG.DVSHU
2EMHFWLYHV &RPELQDWLRQ WKHUDSLHV RI FOR]DSLQH ZLWK RWKHU DQWLSV\FKRWLF
DJHQWV DUH FRPPRQ LQ FOLQLFDO SUDFWLFH LQ VFKL]RSKUHQLF SDWLHQWV ZKR GR
QRWUHVSRQGWRWUHDWPHQWZLWKFXUUHQWO\DYDLODEOHVWUDWHJLHVZLWKW\SLFDORU
DW\SLFDODQWLSV\FKRWLFV:HH[DPLQHGWKHVWDWHRIUHVHDUFKRIDXJPHQWDWLRQ
VWUDWHJLHVLQVFKL]RSKUHQLFSDWLHQWVSDUWLDOO\UHVSRQVLYHWRFOR]DSLQH
0HWKRGV$ WKRURXJK ZHEEDVHG VHDUFK RI FXUUHQWO\ SXEOLVKHG GDWD ZDV
SHUIRUPHG2QO\GDWDFRQFHUQLQJDXJPHQWDWLRQVWUDWHJLHVLQVFKL]RSKUHQLF
SDWLHQWV SDUWLDOO\ UHVSRQVLYH WR FXUUHQW FOR]DSLQH PRQRWKHUDS\ PDQLIHVW
LQJ SRVLWLYH V\PSWRPV ZDV FKRVHQ )XUWKHUPRUH VWXGLHV KDG WR LQFOXGH
SV\FKRSDWKRORJLFDOUDWLQJVFDOHVIRUHVWLPDWHRIWUHDWPHQWUHVSRQVH0DLQO\
DUHGXFWLRQLQ%356VFRUHRIRUPRUHRUHTXLYDOHQWLQ3$166VFRUH
039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
ZDVXVHGDVUHVSRQVHFULWHULD
5HVXOWV2QO\GRXEOHEOLQGFRQWUROOHG WULDOVRIZKLFKEHLQJSODFHER
FRQWUROOHGZHUHIRXQGXVLQJWKHIROORZLQJDGMXQFWLQJVXEVWDQFHVFKORUSUR
PD]LQHGRQHSH]LOVXOSLULGHDQGULVSHULGRQHWKHODWWHUDXJPHQWLQJDJHQWV
VKRZLQJLPSURYHPHQWLQSV\FKRSDWKRORJ\2IWKHRSHQWULDOVFRQVLVWHGLQ
DFRPELQDWLRQZLWKULVSHULGRQHUHSRUWLQJDRUJUHDWHUUHGXFWLRQLQ
%356VKRZLQJQREHQH¿WDQGZDVDQDXJPHQWDWLRQZLWKDPLVXOSULGH
EHLQJ HIIHFWLYH LQ V\PSWRP UHGXFWLRQ 6HYHUDO SRVLWLYH FDVH VHULHV XVLQJ
KDORSHULGROGHFDQRDWHSLPR]LGHOR[DSLQH]LSUDVLGRQHDQGRODQ]DSLQHZHUH
UHSRUWHG 2WKHU FDVHV QRW GHVFULEHG KHUH LQFOXGH DGGRQ WKHUDSLHV ZLWK
JO\FLQHIDPRWLGLQHYDOSURDWHDQGÀXYR[DPLQH
&RQFOXVLRQV 5HJDUGLQJ WR RXU ¿QGLQJV DXJPHQWDWLRQ RI FOR]DSLQH ZLWK
FHUWDLQ DQWLSV\FKRWLFV FDQ EH XVHIXO LQ WUHDWPHQW UHVLVWDQW VFKL]RSKUHQLD
1HYHUWKHOHVVWKHHYLGHQFHIDYRULQJRQHDGMXQFWLYHWKHUDS\RYHUDQRWKHULV
VWLOOODFNLQJ$GHDUWKRIGRXEOHEOLQGSODFHERFRQWUROOHGUDQGRPL]HGWULDOV
FDQEHVWDWHG6\VWHPDWLFHIIRUWVWRHQKDQFHWKHHYLGHQFHRIWKHVHVWUDWHJLHV
DUHQHHGHG
5HIHUHQFHV
'H*URRW,:$GGLWLRQRIULVSHULGRQHWRFOR]DSLQHWKHUDS\LQFKURQL
FDOO\SV\FKRWLFLQSDWLHQWV-&OLQ3V\FKLDWU\
+HQGHUVRQ'&  5LVSHULGRQH DV DQ DGMXQFW WR FOR]DSLQH WKHUDS\ LQ
FKURQLFVFKL]RSKUHQLFV-&OLQ3V\FKLDWU\
-RVLDVVHQ5&&OR]DSLQHDXJPHQWHGZLWKULVSHULGRQHLQWKHWUHDWPHQW
RIVFKL]RSKUHQLDDUDQGRPL]HGGRXEOHEOLQGSODFHERFRQWUROOHGWULDO$P
-3V\FKLDWU\
0XQUR -  $PLVXOSULGH DXJPHQWDWLRQ RI FOR]DSLQH DQ RSHQ QRQ
UDQGRPL]HG VWXG\ LQ SDWLHQWV ZLWK VFKL]RSKUHQLD SDUWLDOO\ UHVSRQVLYH WR
FOR]DSLQH$FWD3V\FKLDWU6FDQG
3RWWHU:= &OR]DSLQH LQ&KLQD$ UHYLHZDQGSUHYLHZRI8635&
FROODERUDWLRQ3V\FKRSKDUPDFRORJ\66
6KLORK56XOSLULGHDXJPHQWDWLRQLQSHRSOHZLWKVFKL]RSKUHQLDSDU
WLDOO\UHVSRQVLYHWRFOR]DSLQH$GRXEOHEOLQGSODFHERFRQWUROOHGVWXG\%U
-3V\FKLDWU\
6WU\MHU 5  'RQH]HSLO DXJPHQWDWLRQ RI FOR]DSLQH PRQRWKHUDS\ LQ
VFKL]RSKUHQLDSDWLHQWVDGRXEOHEOLQGFURVVRYHUVWXG\+XP3V\FKRSKDU
PDFRO
7D\ORU &*  $Q RSHQ WULDO RI ULVSHULGRQH DXJPHQWDWLRQ RI SDUWLDO
UHVSRQVHWRFOR]DSLQH6FKL]RSKU5HV
32
'XOR[HWLQH¶V(IILFDF\LQ3DLQIXO6\PSWRPV$Q$QDOJHVLFRU
$QWLGHSUHVVDQW(IIHFW"
'DYLG3HUDKLD
/LOO\5HVHDUFK/DERUDWRULHVDQG7KH*RUGRQ+RVSLWDO8.
<LOL/3ULWFKHWW-RHO5DVNLQ
2EMHFWLYHV'XOR[HWLQHLVDSRWHQWDQGUHODWLYHO\EDODQFHGUHXSWDNHLQKLEL
WRURIVHURWRQLQ+7DQGQRUHSLQHSKULQH1(OLFHQVHGIRUWKHWUHDWPHQW
RIPDMRUGHSUHVVLYHGLVRUGHU0''LQ(XURSHWKH86DQGHOVHZKHUHDQG
DGGLWLRQDOO\OLFHQVHGIRUWKHPDQDJHPHQWRIGLDEHWLFSHULSKHUDOQHXURSDWKLF
SDLQ'313LQWKH867KHDLPRIWKLVSRVWHULVWRUHYLHZHYLGHQFHIRUWKH
K\SRWKHVLVWKDWGXOR[HWLQH¶VHIIHFWVRQSDLQIXOV\PSWRPVLQGHSUHVVLRQDQG
FKURQLFSDLQGLVRUGHUVDUHDGLUHFWDQDOJHVLFHIIHFWUDWKHUWKDQD³SVHXGRVSH
FL¿F´DQWLGHSUHVVDQWHIIHFW
0HWKRGV'DWDIURPDQXPEHURISXEOLVKHGVWXGLHVRIGXOR[HWLQHLQ0''
DQG'313ZHUHH[DPLQHG,QDGGLWLRQ WKHSXEOLVKHGOLWHUDWXUHH[DPLQLQJ
WKHHIIHFWVRIRWKHUDQWLGHSUHVVDQWVRQSDLQIXOV\PSWRPVRFFXUULQJDVSDUW
RI0''RUFKURQLFSDLQV\QGURPHVZDVUHYLHZHG
5HVXOWV$UHYLHZRIGDWDIURPSODFHERFRQWUROOHGVWXGLHVRIGXOR[HWLQHLQ
0''VXJJHVWVGXOR[HWLQHDVPHDVXUHGE\YLVXDODQDORJXHVFDOHVIRUSDLQ
DQGRWKHUPHDVXUHVKDVDQHIIHFWRQSDLQIXOSK\VLFDOV\PSWRPVVXFKDVEDFN
SDLQ3DWKDQDO\VLVLQGLFDWHVWKDWLQGHSUHVVHGSDWLHQWVDSSUR[LPDWHO\
RIWKLVHIIHFWLVDGLUHFWDQDOJHVLFHIIHFW
5HYLHZRI D IXUWKHU SXEOLVKHG VWXG\RI GXOR[HWLQH LQ0''GHPRQVWUDWHG
D VWDWLVWLFDOO\ VLJQL¿FDQW HIIHFW RI GXOR[HWLQH RQ SDLQIXO V\PSWRPV LQ WKH
DEVHQFHRI VWDWLVWLFDO VHSDUDWLRQ IURPSODFHERRQGHSUHVVLYH V\PSWRPVDV
PHDVXUHGE\WKH+$0'UDWLQJVFDOH
,Q DGGLWLRQ SODFHERFRQWUROOHG VWXGLHV RI GXOR[HWLQH LQ WKH WUHDWPHQW RI
'313LQQRQGHSUHVVHGSDWLHQWVGHPRQVWUDWHGXOR[HWLQH¶VHIIHFWRQKRXU
DYHUDJH GDLO\ SDLQ LQ '313 FRPSDUHG ZLWK SODFHER$V GHSUHVVLRQ ZDV
H[FOXGHGWKLVVXJJHVWVWKDWREVHUYHGHIIHFWVRQSDLQZHUHWKHUHIRUHGLUHFW
DQDOJHVLFHIIHFWVUDWKHUWKDQDQWLGHSUHVVDQWHIIHFWV3DWKDQDO\VLVRIWKHGDWD
VXJJHVWV WKDW WKHGLUHFWDQDOJHVLFDFWLRQRIGXOR[HWLQHDFFRXQWVIRUDOPRVW
RIWKHREVHUYHGHIIHFW
&RQFOXVLRQV3DLQLVDFRPSOH[H[SHULHQFHLQYROYLQJERWKWKHSK\VLRORJLFDO
UHVSRQVHVRIWKHQRFLFHSWLYHV\VWHPDQGWKHSURFHVVLQJRIWKDWLQIRUPDWLRQ
LQEUDLQUHJLRQVDVVRFLDWHGZLWKHPRWLRQ:KLOHVRPHHIIHFWVRIGXOR[HWLQH
RQSDLQIXOV\PSWRPVFDQEHDFFRXQWHGIRUE\LWVDQWLGHSUHVVDQWDFWLRQWKH
GDWDVWURQJO\VXJJHVWWKDWGXOR[HWLQHLVH[HUWLQJDVSHFL¿FDQDOJHVLFDFWLRQ
RYHU DQGDERYH LWV DQWLGHSUHVVDQW HIIHFWVERWK LQSDWLHQWVZLWK0''DQG
DOVRLQSDWLHQWVZLWKFKURQLFSDLQV\QGURPHVVXFKDV'313
5HIHUHQFHV
)DYD00DOOLQFNURGW&+'HWNH0-:DWNLQ-*:RKOUHLFK00 
7KH (IIHFW RI 'XOR[HWLQH RQ 3DLQIXO 3K\VLFDO 6\PSWRPV LQ 'HSUHVVHG
3DWLHQWV'R,PSURYHPHQWVLQWKHVH6\PSWRPV5HVXOWLQ+LJKHU5HPLVVLRQ
5DWHV"-&OLQ3V\FKLDWU\
%UDQQDQ 6. 0DOOLQFNURGW &+ %URZQ (%:RKOUHLFK 00:DWNLQ -*
6FKDW]EHUJ$)  'XOR[HWLQH  PJ RQFHGDLO\ LQ WKH WUHDWPHQW RI
SDLQIXO SK\VLFDO V\PSWRPV LQ SDWLHQWV ZLWK PDMRU GHSUHVVLYH GLVRUGHU -
3V\FKLDWU5HV±
32
'XOR[HWLQHYV3ODFHERLQ7KH7UHDWPHQWRI(OGHUO\3DWLHQWV
ZLWK0''
'DYLG3HUDKLD
/LOO\5HVHDUFK/DERUDWRULHVDQG7KH*RUGRQ+RVSLWDO8.
-RHO5DVNLQ&XUWLV:LOWVH-HII'LQNHO$ODQ6LHJHO-DYDLG6KHLNK
-LPP\;X%HQ5RW]5LFKDUG0RKV
2EMHFWLYHV 3ULPDU\ 'XOR[HWLQH LPSURYHV FRJQLWLRQ LQ HOGHUO\ 0''
SDWLHQWV 6HFRQGDU\ 'XOR[HWLQH LV HIIHFWLYH DQG VDIH LQ WKH WUHDWPHQW RI
GHSUHVVLYHV\PSWRPVLQHOGHUO\0''SDWLHQWV
0HWKRGV3DWLHQWVDWOHDVW\HDUVROGZHUHUDQGRPL]HGWRGXOR[HWLQHPJ
RQFHGDLO\Q RUSODFHERQ IRUZHHNV7KHSULPDU\RXWFRPH
PHDVXUHZDVDSUHVSHFL¿HGFRPSRVLWHFRJQLWLYHVFRUHEDVHGRQWHVWVWKDW
PHDVXUHG YHUEDO OHDUQLQJ DQGPHPRU\ VHOHFWLYH DWWHQWLRQ DQG H[HFXWLYH
IXQFWLRQLQJ 6HFRQGDU\PHDVXUHV LQFOXGHG WKH*HULDWULF'HSUHVVLRQ6FDOH
*'6WKH+DPLOWRQ'HSUHVVLRQ6FDOH+$0'DQGVWDQGDUGVDIHW\DQG
WROHUDELOLW\DVVHVVPHQWV
5HVXOWV3DWLHQWVKDGDPHGLDQDJHRI'XOR[HWLQHGHPRQVWUDWHG
VLJQL¿FDQWO\JUHDWHULPSURYHPHQWLQWKHFRJQLWLYHFRPSRVLWHVFRUHYVSOD
FHEROHDVWVTXDUHVPHDQFKDQJHIURPEDVHOLQHWRHQGSRLQWRI>6( @
YV>6( @S 'XOR[HWLQHVKRZHGVLJQL¿FDQWO\SJUHDW
HUUHGXFWLRQVLQERWK+$0'YVDQG*'6WRWDOVFRUHV
YV  FRPSDUHGZLWK SODFHER+$0' UHVSRQVH  YV 
S DQG UHPLVVLRQ YV  S  UDWHV DW HQGSRLQWZHUH
VLJQL¿FDQWO\ KLJKHU LQ GXOR[HWLQH WKDQ WKRVH RQ SODFHER 'LVFRQWLQXDWLRQ
UDWHVGXHWRDGYHUVHHYHQWVZHUHVLPLODUIRUGXOR[HWLQHDQGSODFHER
YV6LJQL¿FDQWO\PRUHSODFHERWKDQGXOR[HWLQHSDWLHQWVGLVFRQWLQXHG
GXH WR ODFNRI HI¿FDF\ YV &RPPRQ WUHDWPHQWHPHUJHQW DG
YHUVHHYHQWVLQFOXGHGGU\PRXWKQDXVHDFRQVWLSDWLRQGL]]LQHVVGLDUUKHD
IDWLJXH DQG VRPQROHQFH 5DWHV RI PHDVXUHG RUWKRVWDWLF K\SRWHQVLRQ GLG
QRWGLIIHUVLJQL¿FDQWO\EHWZHHQGXOR[HWLQHDQGSODFHERYV
5DWHVRIGLVFRQWLQXDWLRQHPHUJHQWDGYHUVHHYHQWVZHUHVLPLODUIRUGXOR[HW
LQHDQGSODFHERYV
&RQFOXVLRQV'XOR[HWLQHLPSURYHGFRJQLWLRQDQGGHSUHVVLRQDQGZDVVDIH
DQGZHOOWROHUDWHGLQHOGHUO\0''SDWLHQWV
5HIHUHQFHV
&DVVDQR*%3XFD)6FDSLFFKLR3/7UDEXFFKL03DUR[HWLQHDQG
ÀXR[HWLQH HIIHFWV RQ PRRG DQG FRJQLWLYH IXQFWLRQV LQ GHSUHVVHG QRQGH
PHQWHGHOGHUO\SDWLHQWV-&OLQ3V\FKLDWU\
5HVVOHU.-1HPHURII&%5ROHRIQRUHSLQHUSKULQHLQWKHSDWKRSK\VL
RORJ\RIQHXURSV\FKLDWULFGLVRUGHU&166SHFWUXPV
039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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'RHV$W\SLFDO1HXUROHSWLF7UHDWPHQWLQ'LVRUGHUVIURPWKH
6FKL]RSKUHQLD6SHFWUXP,PSURYH3UHIURQWDO%UDLQ)XQFWLRQ"
$QGUHDV-)DOOJDWWHU
'HSWRI3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\RI:XHU]EXUJ
*HUPDQ\
$&(KOLV0-+HUUPDQQ
2EMHFWLYHV ,Q VFKL]RSKUHQLF SDWLHQWV DQ DOWHUHG IXQFWLRQ RI WKH DQWHULRU
FLQJXODWHFRUWH[$&&DVDQLPSRUWDQWUHJLRQRIWKHSUHIURQWDOFRUWH[LQWHU
FRQQHFWHGZLWKOLPELFDUHDVKDVEHHQGHPRQVWUDWHGGXULQJYDULRXVFRJQLWLYH
DFWLYDWLRQWDVNV7KLVSUHIURQWDOG\VIXQFWLRQLVDPDLQWDUJHWRIQHXUROHSWLF
WUHDWPHQWDVLWLVFRQVLGHUHGWREHLQYROYHGLQERWKQHJDWLYHV\PSWRPVDQG
FRJQLWLYHG\VIXQFWLRQ
0HWKRGV7ZR1R*RDQWHULRUL]DWLRQ1*$DQGWKUHHGLPHQVLRQDOWRSR
JUDSKLFDOPHDVXUHVVRXUFHORFDWLRQVZLWKWKH/RZ5HVROXWLRQ(OHFWURPDJ
QHWLF7RPRJUDSK\/25(7$RIWKHHYHQWUHODWHGSRWHQWLDOVHOLFLWHGGXULQJ
WKHH[HFXWLRQ*RDQGWKHLQKLELWLRQ1R*RFRQGLWLRQRIWKH&RQWLQXRXV
3HUIRUPDQFH7HVW DOORZDQDVVHVVPHQWRI DQWHULRU FLQJXODWH IXQFWLRQZLWK
H[WUDRUGLQDU\KLJKLQWHULQGLYLGXDOVWDELOLW\DQGUHWHVWUHOLDELOLW\
5HVXOWV 7KHVHPHWKRGV UHYHDOHG D VLJQL¿FDQW EUDLQ HOHFWULFDO K\SRDFWLY
LW\ LQ WKH$&&RIVFKL]RSKUHQLFSDWLHQWVEXWQRW LQF\FORLGSV\FKRVHVDV
FRPSDUHGWRDJHDQGJHQGHUPDWFKHGFRQWUROV%RWKDQHXURSV\FKRORJLFDO
LQGH[RI$&&SHUIRUPDQFHDQGWKHSURSRVHGHOHFWURSK\VLRORJLFDOPHDVXUH
RIWKLVUHJLRQKDYHEHHQVKRZQWREHLPSURYHGLQSDWLHQWVWUHDWHGZLWKDW\SL
FDOEXWQRWZLWKW\SLFDOQHXUROHSWLFV
&RQFOXVLRQV7KHVHUHVXOWVVXSSRUWWKHQRWLRQWKDWDIXQFWLRQDOGH¿FLWRIWKH
$&&GXULQJUHVSRQVHFRQWUROLVDFRUHIHDWXUHLQVFKL]RSKUHQLDVZKLFKFDQ
EHLPSURYHGE\DW\SLFDOQHXUROHSWLFWUHDWPHQW
32
7UHDWPHQWRI3V\FKRWLFDQG$IIHFWLYH6\PSWRPVZLWK
5LVSHULGRQH
$QGUHDV6FKUHLQHU
-DQVVHQ&LODJ*HUPDQ\
6WHSKDQLH.UXHJHU3HWHU%UDHXQLJ
2EMHFWLYHV 7R HYDOXDWH WKH HI¿FDF\ DQG WROHUDELOLW\ RI DGMXQFWLYH ULVS
HULGRQH LQ SDWLHQWV ZLWK XQLSRODU GHSUHVVLYH ELSRODU DQG VFKL]RDIIHFWLYH
GLVRUGHUV
0HWKRGV,QWKLVZHHNSURVSHFWLYHRSHQODEHOPXOWLFHQWHUVWXG\DGXOW
SDWLHQWVVXIIHULQJIURPSHUVLVWLQJSV\FKRWLFDQGDIIHFWLYHV\PSWRPVZKLOH
VWDEOHRQWKHLUSUHYLRXVPHGLFDWLRQZHUHHYDOXDWHGXVLQJWKH%ULHI3V\FKL
DWULF5DWLQJ6FDOH %3560RQWJRPHU\$VEHUJ'HSUHVVLRQ5DWLQJ6FDOH
0$'56<RXQJ0DQLD5DWLQJ6FDOH<056&OLQLFDO*OREDO,PSUHVVLRQ
&*,DQG*OREDO$VVHVVPHQWRI)XQFWLRQLQJ*$)
5HVXOWVSDWLHQWVIHPDOHPHDQDJH\HDUVZHUHHQUROOHG
KDGXQLSRODUGHSUHVVLRQKDGVFKL]RDIIHFWLYHDQGKDGELSRODU
GLVRUGHU 7KH PRVW IUHTXHQW SUHYLRXV PHGLFDWLRQV ZHUH DQWLGHSUHVVDQWV
WUDQTXLOL]HUVDQGPRRGVWDELOL]HUV0HDQULVSHULGRQH
GRVH DW HQGSRLQW ZDV VLJQL¿FDQWO\ KLJKHU LQ VFKL]RDIIHFWLYH SDWLHQWV 
PJGD\FRPSDUHGWRELSRODUPJGD\RUXQLSRODUGHSUHVVLYHSDWLHQWV
PJGD\ S 7RWDO %356 VLJQL¿FDQWO\ LPSURYHG IURP EDVHOLQH
WRHQGSRLQWWRS$OORWKHUHI¿FDF\PHDVXUHVDOVRLP
SURYHGVLJQL¿FDQWO\ 0$'56 WR<056 WRS
IRU HDFK LWHP 5LVSHULGRQH ZDV HIIHFWLYH LQGHSHQGHQW RI GLDJQRVLV LQ
VFKL]RDIIHFWLYH%356±0$'56±<056±ELSRODU%356
±0$'56±<056±DQGXQLSRODUGHSUHVVLYHSDWLHQWV%356
±0$'56±<056±SIRUHDFKVFDOHUHVSHFWLYHO\
7KHRQO\DGYHUVHHYHQWVUHSRUWHGLQZHUHH[WUDS\UDPLGDODQG
DIIHFWLYHV\PSWRPV
&RQFOXVLRQV5LVSHULGRQHZDV HIIHFWLYH DQGZHOO WROHUDWHG LQ WKH DGMXQF
WLYHWUHDWPHQWRISV\FKRWLFDQGDIIHFWLYHV\PSWRPVLQXQLSRODUGHSUHVVLYH
ELSRODUDQGVFKL]RDIIHFWLYHGLVRUGHUV
32
5LVSHULGRQHLQWKH7UHDWPHQWRI3V\FKRWLFDQG3V\FKRVLV
5HODWHG6\PSWRPV
$QGUHDV6FKUHLQHU
-DQVVHQ&LODJ*HUPDQ\
2EMHFWLYHV 7R HYDOXDWH WKH WROHUDELOLW\ DQG HI¿FDF\ RI RUDO DGMXQFWLYH
ULVSHULGRQH LQ WKH WUHDWPHQW RI SV\FKRWLF DQG UHODWHG V\PSWRPV LQ GDLO\
FOLQLFDOSUDFWLFH
0HWKRGV 3URVSHFWLYH RSHQODEHOPXOWLFHQWHU REVHUYDWLRQDO VWXG\2XWSD
WLHQWVVXIIHULQJIURPSV\FKRWLFV\PSWRPVZHUHDVVHVVHGDWEDVHOLQHDQGDIWHU
DQGGD\V3V\FKRWLFV\PSWRPVZHUHUHFRUGHGFDWHJRULFDOO\DEVHQW
PLOGPRGHUDWHVHYHUHXVLQJLWHPVRIWKH%ULHI3V\FKLDWULF5DWLQJ6FDOH
%356 6OHHS GLVWXUEDQFHV VRPDWLF FRQFHUQ DQG DWWHQWLRQFRQFHQWUDWLRQ
GH¿FLWVZHUHUHFRUGHGDFFRUGLQJO\'LVHDVHVHYHULW\ZDVDVVHVVHGXVLQJWKH
&OLQLFDO*OREDO,PSUHVVLRQ6FDOHRI&KDQJH&*,&
5HVXOWVSDWLHQWVPDOHPHDQDJH\HDUVZHUHHQUROOHG
7KH PRVW IUHTXHQW GLDJQRVHV ZHUH VFKL]RSKUHQLD  VFKL]RDIIHFWLYH
GLVRUGHUDQGGHOXVLRQDOGLVRUGHU0HDQULVSHULGRQHGRVHDWHQG
SRLQWZDVPJGD\$OO%356LWHPVH O\SYVEDVHOLQH
6OHHS GLVWXUEDQFHV GHSUHVVLYH V\PSWRPV VRPDWLF FRQFHUQ DQG DWWHQWLRQ
FRQFHQWUDWLRQGH¿FLWVDOVR LPSURYHGVLJQL¿FDQWO\ SDQGRI
DOOSDWLHQWVZHUHUDWHGDVLPSURYHGDWHQGSRLQW$GYHUVHHYHQWV$(VZHUH
UHSRUWHGLQRISDWLHQWVQR$(ZDVQRWHGLQDQLQFLGHQFH
([WUDS\UDPLGDOPRWRUV\PSWRPVZHUHUHSRUWHGLQRISDWLHQWV
SDWLHQWVGLVFRQWLQXHGWKHVWXG\HDUO\RIWKHPGXHWRDQ
$(DQGGXHWRODFNRIHI¿FDF\
&RQFOXVLRQV7UHDWPHQWRIPRUHWKDQSDWLHQWVZLWKVFKL]RSKUHQLDDQG
RWKHUSV\FKRWLFGLVRUGHUVZLWKRUDOULVSHULGRQHZDVVDIHDQGZHOOWROHUDWHG
%RWK SV\FKRWLF DQG UHODWHG V\PSWRPV LQFOXGLQJ VOHHS GLVWXUEDQFHV DQG
GHSUHVVLYHV\PSWRPVLPSURYHGVLJQL¿FDQWO\DIWHUWUDQVLWLRQWRULVSHULGRQH
32
7KH5ROHRI665,LQ7UHDWPHQWRI3DWLHQWVZLWK,UULWDEOH
%RZHO6\QGURPH
6X]DQD7RVLF*ROXERYLF
3V\FKLDWU\&OLQLF1LV6HUELDDQG0RQWHQHJUR
'UDJRVODYD*XJOHWD1DGD'MRUGMHYLF
2EMHFWLYHV,UULWDEOH%RZHO6\QGURPH±,%6LVGH¿QHGDVFKURQLFDEGRPL
QDOGLVFRPIRUWZLWKDOWHUQDWLQJV\PSWRPVRIFRQVWLSDWLRQDQGGLDUUKHDIRU
ZKLFKQRRUJDQLFFDXVHFDQEHGHWHUPLQHG ,%6 LV IUHTXHQWO\ UHJDUGHGDV
D SV\FKRSDWKRORJLFDO GLVRUGHU EHFDXVH  RI SDWLHQWV DUH IRXQG WR
KDYH GLDJQRVDEOH SV\FKLDWULF GLVRUGHU DQGPRUH RIWHQ GHSUHVVLRQ DQ[LHW\
GLVRUGHUVDUHIRXQG7KHDLPRIRXUSURVSHFWLYHVWXG\ZDVWKHDVVHVVPHQWRI
HI¿FLHQF\RI665,WKHUDS\LQUHGXFWLRQRIDQ[LHW\GHSUHVVLRQV\PSWRPVLQ
,%6SDWLHQWVDVZHOODVLPSURYHPHQWLQJDVWURLQWHVWLQDOV\PSWRPVRI,%6
0HWKRGV7ZHQW\VXEMHFWVZLWK5RPH,FULWHULDGLDJQRVHG,%6ZHUHWUHDWHG
ZLWKPJRIÀXR[HWLQHRUSDUR[HWLQHPJIRUZHHNV3DWLHQWV
ZHUHDVVHVVHGXVLQJ&*,+DPLOWRQGHSUHVVLRQVFDOH+DPLOWRQDQ[LHW\DQG
VHPLVWUXFWXUHGLQWHUYLHZGHYLVHGE\WKHDXWKRUVUHJDUGLQJWRWKHSUHVHQFH
DQG WKH OHYHOV RI LQWHQVLW\ RI ,%6 JDVWURLQWHVWLQDO V\PSWRPV GH¿QHG E\
5RPHFULWHULD7KHHYDOXDWLRQVZHUHWDNHQWKUHHWLPHVDWWKHEHJLQQLQJRI
VWXG\DIWHUDQGZHHNV
5HVXOWV&OLQLFDOO\VLJQL¿FDQWQXPEHURISDWLHQWVSUHVHQWHG ORZHUDQ[LHW\
DQGGHSUHVVLRQOHYHOVDIWHUZHHNVRIWUHDWPHQWZLWK665,2YHUDKDOIRI
SDWLHQWV UHSRUWHG UHGXFWLRQ LQ DEGRPLQDO SDLQ FRQVWLSDWLRQ DQG EORDWLQJ
DEGRPLQDOGLVWHQVLRQDIWHUPHQWLRQHGWUHDWPHQW
&RQFOXVLRQV 665, SDUR[HWLQH DQG ÀXR[HWLQH ZHUH YHU\ HIIHFWLYH LQ DO
OHYLDWLQJRIDQ[LHW\GHSUHVVLRQDVZHOODVDEGRPLQDOSDLQDQGDVVRFLDWHG
V\PSWRPVRI,%6
5HIHUHQFHV
)LVKEDLQ'(YLGHQFHEDVHGGDWDRQSDLQUHOLHIZLWKDQWLGHSUHVVDQWV
$QQ0HG
.LUVK0$/RXLQH$.3DUR[HWLQHDQGLUULWDEOHERZHOV\QGURPH$P
-3V\FKLDWU\
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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7KH(IIHFWRI&KURQLF$GPLQLVWUDWLRQRI$W\SLFDO
$QWLSV\FKRWLFVRQ6XVWDLQHG$WWHQWLRQLQWKHUDW
+HOHQ5RVHQJDUWHQ
1<86FKRRORI0HGLFLQH'HSDUWPHQWRI3V\FKLDWU\0LOOKDXVHU
/DERUDWRU\DQG'HSDUWPHQWRI1HXURORJ\/DERUDWRU\RI%HKDYLR
UDO1HXURORJ\1HZ<RUN86$
'DYLG4XDUWHUPDLQ
,QWURGXFWLRQ7KH VXSHULRU HI¿FDF\ DQG WROHUDELOLW\ RI WKH ³DW\SLFDO´ DQ
WLSV\FKRWLFV LVGXH WR WKHLUGLUHFWRU LQGLUHFWHIIHFWRQVHURWRQLQUHFHSWRUV
SDUWLFXODUO\ +7 DQG +7 DQGZHDNHU DQWDJRQLVP RI' UHFHSWRUV7KH
DW\SLFDODQWLSV\FKRWLFVULVSHULGRQHRODQ]DSLQHDQG]LSUDVLGRQHDOVRLQFUHDVH
WKHUHOHDVHRI'$LQWKHSUHIURQWDOFRUWH[DQGKLSSRFDPSXVDQGWKLVPD\EH
FULWLFDOIRUWKHLUDELOLW\WRLPSURYHFRJQLWLRQ,WKDVDOVREHHQVXJJHVWHGWKDW
+7$DJRQLVPLVDQLPSRUWDQWRIDOO+7$'DQWDJRQLVWV
0HWKRGV5DWVZHUHLQLWLDOO\WUDLQHGLQWKHFKRLFHDWWHQWLRQWDVNLQZKLFK
DQLPDOVDUHUHTXLUHGWRGHWHFWDEULHIVHFGXUDWLRQYLVXDOVWLPXOXVSUH
VHQWHGLQRQHRIORFDWLRQV
$IWHU EDVHOLQH SHUIRUPDQFH KDG VWDELOL]HG DW  FRUUHFW GHWHFWLRQV UDWV
ZHUHUDQGRPO\DVVLJQHGWRJURXSV1 JURXSDQGFKURQLFDOO\ WUHDWHG
ZLWKKDORSHULGROGRVHV"""RODQ]DSLQH 	PJNJGD\ULVSHULGRQH
	PJNJGD\]LSUDVLGRQH	PJNJGD\RUYHKLFOH$OOGUXJV
ZHUHDGPLQLVWHUHGLQWKHGULQNLQJZDWHUZLWKVDFFKDULQDQGWKHYROXPH
ZDVDGMXVWHGGDLO\$IWHUGD\VRIGUXJWUHDWPHQWUDWVZHUHJLYHQGDLO\
VHVVLRQVRQ WKHDWWHQWLRQ WHVW'UXJDGPLQLVWUDWLRQZDVFRQWLQXHG WKURXJK
RXWWHVWLQJ
5HVXOWV 7KH IROORZLQJ  YDULDEOHV ZHUH PHDVXUHG QXPEHU RI FRUUHFW
GHWHFWLRQV ODWHQF\ RI FRUUHFW UHVSRQVH QXPEHU RI DQWLFLSDWRU\ UHVSRQVHV
UHVSRQVHVRFFXUULQJEHIRUHVWLPXOXVRQVHWDQGQXPEHURIUHVSRQVHRPLV
VLRQVIDLOXUHWRUHVSRQGWRWKHVWLPXOXV5HVXOWVVKRZHGWKDWWKHDW\SLFDO
DQWLSV\FKRWLFVRODQ]DSLQH UHVSHULGRQH DQG ]LSUDVLGRQH ZHUH VWDWLVWLFDOO\
LQGLVWLQJXLVKDEOH IURPYHKLFOHFRQWUROVRQDOOPHDVXUHV+DORSHULGRORQ
WKH RWKHU KDQG VLJQL¿FDQWO\ UHGXFHG FRUUHFW GHWHFWLRQV DQG DQWLFLSDWRU\
UHVSRQVHDQGVLJQL¿FDQWO\LQFUHDVHGODWHQF\RIWKHFRUUHFWUHVSRQVHDQGWKH
WRWDOQXPEHURIUHVSRQVHRPLVVLRQUHODWLYHWRYHKLFOHFRQWUROV
&RQFOXVLRQV $W\SLFDO DQWLSV\FKRWLFV GR QRW DSSHDU WR LPSDLU VXVWDLQHG
DWWHQWLRQLQWKLVWDVN7KHW\SLFDODQWLSV\FKRWLFKDORSHULGROKRZHYHUVLJQL¿
FDQWO\GLVUXSWHGSHUIRUPDQFHRQDOOPHDVXUHRIDWWHQWLYHEHKDYLRU7KHVLJ
QL¿FDQWLQFUHDVHLQUHVSRQVHODWHQF\WRJHWKHUZLWKWKHLQFUHDVHLQUHVSRQVH
RPLVVLRQVVXJJHVWVWKDWGLVUXSWLRQRIPRWRURXWSXWPD\KDYHFRQWULEXWHGWR
WKHLPSDLUHGDWWHQWLRQDOSHUIRUPDQFHVHHQLQWKLVH[SHULPHQW
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(WLIR[LQHYV/RUD]HSDP(IILFDF\RQ$GMXVWPHQW'LVRUGHUV
ZLWK$Q[LHW\
1KDQ1JX\HQ
8QLWpGH3KDUPDFRORJLH&OLQLTXHHWGµ(YDOXDWLRQV7KpUDSHX
WLTXHV+{SLWDO7LPRQH0DUVHLOOH)UDQFH
(ULF)DNUD(OLVDEHWK-RXYH-RsOOH0LFDOOHI'HOSKLQH/DXUHQFHDX
(VWHOOH&KDUOHV&KULVWLQH$OTXLHU0DULH(PPDQXHOOH/H*XHUQ
2OLYLHU%OLQ
2EMHFWLYHV$GMXVWPHQW'LVRUGHUVZLWK$Q[LHW\ $':$ DFFRXQW IRU DO
PRVWRISV\FKRORJLFDOO\PRWLYDWHGFRQVXOWDWLRQV LQSULPDU\FDUHDQG
DUHXVXDOO\ WUHDWHGZLWKEHQ]RGLD]HSLQHV %='7KLV VWXG\ZDVGHVLJQHG
WR FRPSDUH QRQLQIHULRULW\ WHVW WKH HI¿FDFLHV RI HWLIR[LQH D QRQ%='
DQ[LRO\WLFGUXJDQGORUD]HSDPD%='IRU$':$RXWSDWLHQWVIROORZHGE\
JHQHUDOSUDFWLWLRQHUV*3
0HWKRGV 7KLUW\VL[ *3 FRQGXFWHG D GRXEOHEOLQG UDQGRPL]HG SDUDOOHO
JURXS VWXG\ RQ $':$ SDWLHQWV PHDQ DJH  \HDUV  IHPDOH
DVVLJQHGWRUHFHLYHWKHXVXDOGRVDJHRIHWLIR[LQHPJWLGRUORUD]HSDP
±± PJGD\ IRU  GD\V (I¿FDF\ ZDV HYDOXDWHG RQ GD\V  DQG
 XVLQJ WKH+DPLOWRQ UDWLQJ VFDOH IRU DQ[LHW\ +$0$ FOLQLFDO JOREDO
LPSUHVVLRQ VFDOH &*, VRFLDO DGMXVWPHQW VFDOH VHOIUHSRUW 6$665 DQG
GLVDELOLW\DVVHVVPHQWZLWKWKH6KHHKDQVFDOH7KHPDLQHI¿FDF\DVVHVVPHQW
FULWHULRQZDV+$0$VFRUHRQ'D\DGMXVWHGWR'D\
5HVXOWV 7KH DQ[LRO\WLF HIIHFW RI HWLIR[LQH ZDV QRW LQIHULRU WR WKDW RI
ORUD]HSDP )RU WKH LQWHQWWRWUHDW ,77 SRSXODWLRQ WKH WZR GUXJV ZHUH
HTXLYDOHQWEXWDKLJKHUSHUFHQWDJHRIHWLIR[LQHUHFLSLHQWVUHVSRQGHGWRWKH
WUHDWPHQW+$0$VFRUHGHFUHDVHGE\&OLQLFDOLPSURYHPHQWEDVHG
RQ&*,6$665DQG6KHHKDQVFRUHVZDVREVHUYHGLQERWKWUHDWPHQWDUPV
&RPSDUHGWRORUD]HSDPKLJKHUSHUFHQWDJHVRIHWLIR[LQHSDWLHQWVLPSURYHG
PDUNHGO\YVS DQGKDGGLPLQLVKHGDQ[LHW\ZLWKRXW
VLGHHIIHFWVYVS 
2Q'D\ZHHNDIWHUVWRSSLQJWUHDWPHQWWKHDQ[LRO\WLFHIIHFWDQG&*,
UHPDLQHGFRPSDUDEOHWR'D\1RWDEO\RQO\HWLIR[LQHSDWLHQWSUHVHQWHG
DUHERXQGRIDQ[LHW\+$0$YVWDNLQJORUD]HSDPS 
&RQFOXVLRQV,QWKLVVWXG\HWLIR[LQHZDVDWOHDVWDVHIIHFWLYHDVORUD]HSDP
IRUWKHWUHDWPHQWRI$':$0RUHRYHUDIWHUPRQWKRIWUHDWPHQWDVLJQL¿
FDQWO\KLJKHUSHUFHQWDJHRIHWLIR[LQH UHFLSLHQWVH[SHULHQFHGDGHFUHDVH LQ
DQ[LHW\ZLWKRXWVLGHHIIHFWV
7DEOH 0HDQ +$0$ VFRUHV  6' DQG SHUFHQWDJHV RI UHVSRQGHUV ,77 SRSXOD
WLRQ 
(WLIR[LQHQ  /RUD]HSDPQ  S
'D\   16
'D\   
'D\±'D\ ± ± 
5HVSRQGHUVRQ'D\   
1RQLQIHULRULW\WHVWȤWHVW
7DEOH5HERXQGRIDQ[LHW\ZHHNDIWHUVWRSSLQJWUHDWPHQWWROHUDQFHSRSXODWLRQ 

1XPEHURISDWLHQWV (WLIR[LQH /RUD]HSDP S 
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32
2QVHWRI6OHHSLPSURYLQJ(IIHFWVZLWK0LUWD]DSLQH)'7YV
6HUWUDOLQH
5RVV$%DNHU
2UJDQRQ,QWHUQDWLRQDO,QF5RVHODQG1HZ-HUVH\86$
$OEHUW-DQ6FKXWWH
2EMHFWLYHV 5HVWRUDWLRQ RI QRUPDO VOHHS LV LQWHJUDO WR DOO DQWLGHSUHVVDQW
WKHUDS\ ,Q WKHSUHVHQWDQDO\VLVZHFRPSDUHG WKHRQVHWRIVOHHS LPSURYH
PHQWEHWZHHQPLUWD]DSLQHDQGWKH665,VHUWUDOLQH
0HWKRGV6XEMHFWVZLWKD'60,9PDMRUGHSUHVVLYHHSLVRGHDQG+$0'
VFRUHRIDWOHDVWZHUHUDQGRPL]HGWRWUHDWPHQWZLWKPLUWD]DSLQH)'7
PJGD\ 1    FRPSOHWHG RU VHUWUDOLQH PJGD\ 1
 FRPSOHWHG7KHSULPDU\RXWFRPHPHDVXUHZDV WKHFKDQJH LQ
WKH +$0' )DFWRU 9, VFRUH RI ³VOHHS GLVWXUEDQFH´ $VVHVVPHQWV ZHUH
SHUIRUPHGRQGD\DQGDIWHULQLWLDWLRQRIWUHDWPHQW
$QDO\VLVZDVRIWKH,77/2&)SRSXODWLRQZLWK$129$
5HVXOWV7KHFKDQJHIURPEDVHOLQHLQWRWDO)DFWRU9,VFRUHZDVVLJQL¿FDQWO\
VXSHULRU S IRU WKH PLUWD]DSLQHWUHDWHG JURXS FRPSDUHG ZLWK WKH
VHUWUDOLQHWUHDWHGJURXSRQDOOGD\VRIDVVHVVPHQWGD\±YV±GD\
±YV±GD\±YV±GD\±YV±GD\±YV
±GD\±YV±DQGGD\±YV±
&RQFOXVLRQV5DSLG LPSURYHPHQW LQ VOHHS IXQFWLRQPD\FRQWULEXWH WR WKH
HQKDQFHG DQWLGHSUHVVDQW HI¿FDF\ RI PLUWD]DSLQH YHUVXV 665,V 'UXJV
VLPLODUWRPLUWD]DSLQHZLWKDVKRUWHUKDOIOLIHDOVRPD\KDYHXWLOLW\DVVOHHS
DLGV
5HIHUHQFHV
7KRPSVRQ&YDQ:LOOLJHQEXUJ$33+HXNHOV$- -DQVVHQV&--*HW DO
0LUWD]DSLQHYV665,V$0HWD$QDO\VLVRQ2QVHWRI$QWLGHSUHVVDQW$FWLY
LW\3RVWHUSUHVHQWHGDWWKHWKPHHWLQJRIWKH$PHULFDQ3V\FKLDWULF$V
VRFLDWLRQ$3$0D\1HZ<RUN$EVWUDFW15
%HKQNH.6¡JDDUG -0DUWLQ6 HW DO0LUWD]DSLQHRUDOO\GLVLQWHJUDWLQJ
WDEOHWYHUVXVVHUWUDOLQHDSURVSHFWLYHRQVHWRIDFWLRQVWXG\-&OLQ3V\FKRS
KDUPDFRORJ\
039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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2QVHWRI6OHHSLPSURYLQJ(IIHFWVZLWK0LUWD]DSLQH)'7YV
9HQODID[LQH;5
5RVV$%DNHU
2UJDQRQ,QWHUQDWLRQDO,QF5RVHODQG1HZ-HUVH\86$
$UPLQ6]HJHGL0LFKDHO3KLOLSS2WWR%HQNHUW5DOI.RKQHQ
&ODXV+HLQULFK0RQLTXH10YDQGHU9HJWH6HQGHQ
-RKQ+6LPPRQV$OEHUW-DQ6FKXWWH
2EMHFWLYHV5HVWRUDWLRQRIQRUPDOVOHHSLVLPSRUWDQWIRUDOODQWLGHSUHVVDQW
WKHUDS\ ,Q WKHSUHVHQWDQDO\VLVZHFRPSDUHG WKHRQVHWRIVOHHS LPSURYH
PHQWEHWZHHQPLUWD]DSLQH)'7DQGYHQODID[LQH;5
0HWKRGV7KHPXOWLFHQWHU WULDOZDVFRQGXFWHG LQ*HUPDQ\6XEMHFWVZLWK
D '60,9 PDMRU GHSUHVVLYH GLVRUGHU DQG D +$0' VFRUH  ZHUH
UDQGRPL]HG WRPLUWD]DSLQH)'7±PJGD\ Q  FRPSOHWHGRU
YHQODID[LQH;5 ±PJGD\ Q   FRPSOHWHG WLWUDWHGZLWKLQ 
GD\VWRWKHKLJKHVWGRVH7KHSULPDU\RXWFRPHPHDVXUHZDVWKHFKDQJHLQ
WKH+$0')DFWRU9,VFRUH$VVHVVPHQWVZHUHSHUIRUPHGRQGD\
DQGDIWHUWUHDWPHQWLQLWLDWLRQ$QDO\VHVZHUHSHUIRUPHGXVLQJ
WKH,77SRSXODWLRQ/2&)DSSURDFK
5HVXOWV7KHFKDQJHIURPEDVHOLQHLQWRWDO)DFWRU9,VFRUHZDVVLJQL¿FDQWO\
VXSHULRU S IRU WKH PLUWD]DSLQHWUHDWHG JURXS FRPSDUHG ZLWK WKH
YHQODID[LQHWUHDWHGJURXSRQGD\±YV±SRLQWVGD\±YV
±GD\±YV±DQGGD\±YV±
&RQFOXVLRQV5DSLG LPSURYHPHQW LQ VOHHS IXQFWLRQPD\FRQWULEXWH WR WKH
DQWLGHSUHVVDQWHIIHFWRIPLUWD]DSLQHDQGH[WHQGVSUHYLRXVREVHUYDWLRQVRQ
WKHUDSLGRQVHWRIDQWLGHSUHVVDQWHIIHFWZLWKPLUWD]DSLQH'UXJVVLPLODUWR
PLUWD]DSLQHZLWKDVKRUWHUKDOIOLIHDOVRPD\EHEHQH¿FLDOIRUWKHWUHDWPHQW
RIVOHHSGLVWXUEDQFHV
5HIHUHQFHV
7KRPSVRQ&YDQ:LOOLJHQEXUJ$33+HXNHOV$- -DQVVHQV&--*HW DO
0LUWD]DSLQHYV665,V$0HWD$QDO\VLVRQ2QVHWRI$QWLGHSUHVVDQW$FWLY
LW\3RVWHUSUHVHQWHGDWWKHWKPHHWLQJRIWKH$PHULFDQ3V\FKLDWULF$V
VRFLDWLRQ$3$0D\1HZ<RUN$EVWUDFW15
%HKQNH.6¡JDDUG -0DUWLQ6 HW DO0LUWD]DSLQHRUDOO\GLVLQWHJUDWLQJ
WDEOHWYHUVXVVHUWUDOLQHDSURVSHFWLYHRQVHWRIDFWLRQVWXG\-&OLQ3V\FKRS
KDUPDFRORJ\
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,PPHGLDWH6ZLWFKLQJRI$QWLGHSUHVVDQW7KHUDS\5HVXOWVIURP
D&OLQLFDO7ULDORI'XOR[HWLQH
6WHSKDQ%UHFKW
%RHKULQJHU,QJHOKHLP*HUPDQ\
0DGHODLQH0:RKOUHLFK&UDLJ+0DOOLQFNURGW-RKQ*UHLVW
3HGUR/'HOJDGR/DUU\:'ULYHU-RKQ*:DWNLQ
0DXUL]LR)DYD
2EMHFWLYHV :H H[DPLQHG WKH HI¿FDF\ DQG WROHUDELOLW\ DVVRFLDWHG ZLWK
VZLWFKLQJIURPDVHOHFWLYHVHURWRQLQUHXSWDNHLQKLELWRU665,RUYHQODID[
LQHWRGXOR[HWLQH
0HWKRGV 3DWLHQWVZLWKPDMRU GHSUHVVLYHGLVRUGHU HQWHUHG WKLV RSHQODEHO
VWXG\3DWLHQWV1 H[KLELWLQJVXERSWLPDOUHVSRQVHRUSRRUWROHUDELOLW\
WR WKHLU FXUUHQW DQWLGHSUHVVDQW ZHUH ³VZLWFKHG´ WR GXOR[HWLQH PJ4'
ZLWKRXW WDSHULQJ RU WLWUDWLRQ$ FRPSDUDWRU JURXS QRW FXUUHQWO\ UHFHLYLQJ
DQWLGHSUHVVDQWV ³XQWUHDWHG´ ZHUH UDQGRPL]HG WR GXOR[HWLQH  PJ 4'
1 3DWLHQWVUHPDLQHGRQPJ4'IRUZHHN'XULQJWKHUHPDLQLQJ
ZHHNVRIWKHVWXG\WLWUDWLRQIURPPJWRPJWRPJ4'ZDVSRVVL
EOH(I¿FDF\PHDVXUHVLQFOXGHGWKH+DPLOWRQ'HSUHVVLRQ5DWLQJ6FDOH±
LWHPV+$0'+DPLOWRQ$Q[LHW\6FDOH+$0$DQGWKH&OLQLFDO*OREDO
,PSUHVVLRQRI6HYHULW\&*,6VFDOH
5HVXOWV 7KH HI¿FDF\ RI GXOR[HWLQH GLG QRW GLIIHU VLJQL¿FDQWO\ EHWZHHQ
VZLWFKHG DQG XQWUHDWHG SDWLHQWV LQLWLDWLQJ GXOR[HWLQH PHDQ FKDQJHV
+$0' WRWDO VFRUH  YV  +$0$  YV  &*,6
YVUHVSHFWLYHO\DOOSYDOXHV!+RZHYHUWKHUDWHRIGLVFRQ
WLQXDWLRQGXH WRDGYHUVHHYHQWVDPRQJVZLWFKHGSDWLHQWVZDVVLJQL¿FDQWO\
ORZHUWKDQWKDWLQXQWUHDWHGSDWLHQWVLQLWLDWLQJGXOR[HWLQHYV
S 7UHDWPHQWHPHUJHQWDGYHUVHHYHQWVRFFXUULQJLQRISDWLHQWV
LQERWKJURXSVZHUHQDXVHDKHDGDFKHGU\PRXWKLQVRPQLDGLDUUKHDDQG
FRQVWLSDWLRQ 3DWLHQWV VZLWFKHG WR GXOR[HWLQH UHSRUWHG VLJQL¿FDQWO\ ORZHU
UDWHV RI QDXVHD DQRUJDVPLD DQGPXVFOH FUDPSZKHQ FRPSDUHGZLWK XQ
WUHDWHGSDWLHQWVLQLWLDWLQJGXOR[HWLQH
&RQFOXVLRQV ,Q WKLVVWXG\ WKHHI¿FDF\RIGXOR[HWLQHLQVZLWFKHGSDWLHQWV
ZDVYHU\VLPLODUWRWKDWREVHUYHGLQXQWUHDWHGSDWLHQWVLQLWLDWLQJGXOR[HWLQH
WKHUDS\,PPHGLDWHVZLWFKLQJIURPDQ665,RUYHQODID[LQHWRGXOR[HWLQH
PJ4'ZDVZHOOWROHUDWHG
5HIHUHQFHV
)DYD0'DYLGVRQ.* 'H¿QLWLRQ DQG HSLGHPLRORJ\ RI WUHDWPHQW
UHVLVWDQWGHSUHVVLRQ3V\FKLDWULF&OLQLFVRI1RUWK$PHULFD
)DYD 0  0DQDJHPHQW RI QRQUHVSRQVH DQG LQWROHUDQFH VZLWFKLQJ
VWUDWHJLHV-RXUQDORI&OLQLFDO3V\FKLDWU\6XSSO
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(IILFDF\DQG7ROHUDELOLW\RI'XOR[HWLQH&RPSDULVRQRIPJ
4'DQGPJ4'6WDUWLQJ'RVHV
6WHSKDQ%UHFKW
%RHKULQJHU,QJHOKHLP*HUPDQ\
'DYLG/'XQQHU0DGHODLQH0:RKOUHLFK
&UDLJ+0DOOLQFNURGW:DKLED(VWHUJDUG-RKQ*:DWNLQ
0DXUL]LR)DYD
2EMHFWLYHV &OLQLFDO FRQVHTXHQFHV DVVRFLDWHG ZLWK DOWHUQDWLYH VWDUWLQJ
GXOR[HWLQHGRVHVDUHH[DPLQHG
0HWKRGV 3DWLHQWV ZLWK PDMRU GHSUHVVLYH GLVRUGHU ZHUH UDQGRPL]HG WR
RSHQODEHO GXOR[HWLQH PJ Q  RU PJ 4' Q  IRU RQH ZHHN
$IWHURQHZHHNWKHPJJURXSKDGWKHLUGRVHLQFUHDVHGWRPJ'XULQJ
WKHUHPDLQGHURIWKHZHHNVWXG\WLWUDWLRQIURPPJWRPJWRPJ
4'ZDV SRVVLEOH0HDVXUHV LQFOXGHG+$0'+DPLOWRQ$Q[LHW\ 6FDOH
&OLQLFDO*OREDO,PSUHVVLRQRI6HYHULW\GLVFRQWLQXDWLRQUDWHVDQGWUHDWPHQW
HPHUJHQWDGYHUVHHYHQWV
5HVXOWV$WZHHNRQHWKHUHZHUHVRPHWUDQVLWRU\GLIIHUHQFHVLQVHFRQGDU\
HI¿FDF\RXWFRPHVDPRQJSDWLHQWVVWDUWLQJDWPJFRPSDUHGZLWKWKHPJ
JURXS+RZHYHUIURP:HHNRQZDUGERWKWUHDWPHQWJURXSVVKRZHGHVVHQ
WLDOO\HTXDOPDJQLWXGHVRILPSURYHPHQWRQDOOHI¿FDF\PHDVXUHV7KHUDWH
RIGLVFRQWLQXDWLRQGXHWRDGYHUVHHYHQWVGLGQRWGLIIHUVLJQL¿FDQWO\EHWZHHQ
WUHDWPHQWJURXSVEXWZDVQXPHULFDOO\ ORZHUIRUSDWLHQWVVWDUWLQJDWPJ
4'YVPJ4',QWKH¿UVWZHHNRIWKHUDS\WKHPJ
JURXS KDG D VLJQL¿FDQWO\ ORZHU UDWH RI QDXVHD FRPSDUHG ZLWK WKH PJ
JURXS  YV  UHVSHFWLYHO\ S  2YHU WKH ZHHN DFXWH
WKHUDS\SKDVHSDWLHQWVVWDUWLQJDWPJKDGDVOLJKWO\KLJKHURYHUDOOUDWHRI
DGYHUVHHYHQWVEXWDVLJQL¿FDQWO\ORZHUUDWHRIQDXVHDS FRPSDUHG
ZLWKSDWLHQWVLQLWLDWHGDWPJ
&RQFOXVLRQV7KHVHUHVXOWVVXSSRUWWKHUHFRPPHQGDWLRQRIPJ4'DVWKH
WDUJHWGXOR[HWLQHGRVH+RZHYHUPJ4'IRURQHZHHNIROORZHGE\HVFD
ODWLRQWRPJ4'PD\UHGXFHFHUWDLQDGYHUVHHYHQWVZKLOHSURGXFLQJRQO\
DWUDQVLWRU\LPSDFWRQHI¿FDF\FRPSDUHGZLWKVWDUWLQJDWPJ4'
5HIHUHQFHV
1HPHURII&%6FKDW]EHUJ$)*ROGVWHLQ'-HWDO'XOR[HWLQHIRUWKH
WUHDWPHQWRIPDMRUGHSUHVVLYHGLVRUGHU3V\FKRSKDUPDFRO%XOO
*UHLVW-0F1DPDUD5.0DOOLQFNURGW&+HWDO,QFLGHQFHDQGGXUD
WLRQRIDQWLGHSUHVVDQWLQGXFHGQDXVHDGXOR[HWLQHFRPSDUHGZLWKSDUR[HWLQH
DQGÀXR[HWLQH&OLQ7KHU
32
9HQODID[LQH;5LQWKH7UHDWPHQWRI376'$:HHN
5DQGRPL]HG7ULDO
-HII0XVJQXQJ
:\HWK3KDUPDFHXWLFDOV&ROOHJHYLOOH3HQQV\OYDQLD86$
-RQDWKDQ'DYLGVRQ'DYLG%DOGZLQ'DQ-6WHLQ(QULTXH.XSHU
,VPD%HQDWWLD6DHHG$KPHG%LQJ<DQ5RQ3HGHUVHQ
2EMHFWLYHV 7R HYDOXDWH WKH HI¿FDF\ RI YHQODID[LQH ;5 IRU PRGHUDWH WR
VHYHUHSRVWWUDXPDWLFVWUHVVGLVRUGHU376'
0HWKRGV ,Q WKLV LQWHUQDWLRQDO UDQGRPL]HG SDUDOOHOJURXS GRXEOHEOLQG
SODFHERFRQWUROOHG WULDO  DGXOW RXWSDWLHQWV YHQODID[LQH ;5 Q 
SODFHER Q  FRPSULVLQJ WKH ,77 SRSXODWLRQ ZHUH UDQGRPO\ DVVLJQHG
WRWUHDWPHQWZLWKÀH[LEOHGRVHYHQODID[LQH;5PJWRPJGD\RU
SODFHERIRUZHHNV3DWLHQWVKDGDSULPDU\GLDJQRVLVRI'60,9376'
376'V\PSWRPVIRUPRQWKVDQGLWHP&OLQLFLDQ$GPLQLVWHUHG376'
VFDOH&$366;VFRUH 7KHSULPDU\HI¿FDF\PHDVXUHZDVEDVHOLQH
039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
WRHQGSRLQWFKDQJH LQ&$366;VFRUH6HFRQGDU\DVVHVVPHQWV LQFOXGHG
UHPLVVLRQ&$366;VFRUHWLPHWRUHPLVVLRQ376'V\PSWRPIUHH
GD\VDQGFKDQJHVLQ376'DQGGHSUHVVLRQV\PSWRPVJOREDOLOOQHVVVHYHU
LW\VWUHVVYXOQHUDELOLW\UHVLOLHQFHTXDOLW\RIOLIHDQGIXQFWLRQLQJ$SSURSUL
DWHSDUDPHWULFDQGQRQSDUDPHWULFWHVWVZHUHSHUIRUPHG
5HVXOWV 7KH PHDQ PD[LPXP GRVH RI YHQODID[LQH ;5 ZDV  PJGD\
0HDQ&$366; WRWDOVFRUHFKDQJHVZHUHIRUYHQODID[LQH;5DQG
 IRUSODFHER3 7KHYHQODID[LQH;5JURXSVKRZHGDVLJQL¿
FDQWO\3JUHDWHUUHPLVVLRQUDWHVKRUWHUWLPHWRUHPLVVLRQDQGPRUH
V\PSWRPIUHHGD\VWKDQWKHSODFHERJURXSDWHQGSRLQWZHHNRUWKHWLPH
RI GLVFRQWLQXDWLRQ9HQODID[LQH ;5WUHDWHG SDWLHQWV VKRZHG VLJQL¿FDQWO\
3JUHDWHUPHDQLPSURYHPHQWWKDQSODFHERWUHDWHGSDWLHQWVLQ376'
DQG GHSUHVVLRQ V\PSWRPV JOREDO GLVHDVH VHYHULW\ VWUHVV YXOQHUDELOLW\
UHVLOLHQFHTXDOLW\RIOLIHDQGIXQFWLRQLQJ7KHYHQODID[LQH;5JURXSDOVR
KDGDORZHUGLVFRQWLQXDWLRQUDWHWKDQWKHSODFHERJURXSZLWKQRVLJQL¿FDQW
GLIIHUHQFHLQGURSRXWVDWWULEXWDEOHWRDGYHUVHHYHQWV
&RQFOXVLRQV9HQODID[LQH;5ZDVHIIHFWLYHDQGZHOOWROHUDWHGLQVKRUWWHUP
DQGFRQWLQXDWLRQWUHDWPHQWRI376'
32
&OR]DSLQH,QGXFHG2EVHVVLYH&RPSXOVLYH6\PSWRPV&DVH
5HSRUW
6H+RRQ6KLP
6RRQFKHRQK\DQJ8QLYHUVLW\&KHRQDQ+RVSLWDO5HSXEOLFRI.RUHD
<RXQJ-RRQ.ZRQ6H+RRQ6KLP<XQ-XQJ.LP
+HH<HXQ-XQJ6DQJ:RR+DQ
2EMHFWLYHV &OR]DSLQHV DUH ZLGHO\ LQ XVH LQ UHIUDFWRU\ VFKL]RSKUHQLF
SDWLHQWV IRU WKHLU EHQH¿FLDO HIIHFW+RZHYHU GH QRYR HPHUJHQFHRU H[DF
HUEDWLRQ RI REVHVVLYHFRPSXOVLYH2& V\PSWRPV GXULQJ WUHDWPHQW ZLWK
FOR]DSLQHKDVEHHQGHVFULEHGLQWKHOLWHUDWXUH:HUHYLHZHGFDVHVZKLFK
QHZO\GHYHORSHG2&V\PSWRPHVGXULQJFOR]DSLQHWUHDWPHQWDQGGLVFXVVHG
UHODWHGDUWLFOHV
0HWKRGV7KLVFDVHUHSRUWFDUULHGRXWLQ6RRQFKXQKDQJ8QLYHUVLW\+RVSL
WDOLQ.RUHDLQFOXGHGSDWLHQWVZLWKD'60,975GLDJQRVLVRI6FKL]R
SKUHQLDZKRKDGGHYHORSHG2&V\PSWRPVGXULQJFOR]DSLQHWUHDWPHQW2&
V\PSWRPVZHUHDVVHVVHGZLWKWKH3DXGD2EVHVVLRQDO&RPSXOVLYH,QYHQWRU\
3,DQG7KH<DOH%URZQ2EVHVVLYH&RPSXOVLYH6FDOH<%2&6DQGZHUH
YHUL¿HGE\IDPLO\PHPEHUVDQGVRFLDOZRUNHUVRIWKHSDWLHQWV,QIRUPDWLRQ
RQSDWLHQWVµGLDJQRVLVW\SHRI2&V\PSWRPVWLPHWRDSSHDUDQFHSUHYLRXV
WUHDWPHQWFRPHGLFDWLRQGRVHRIFOR]DSLQHDGGLWLRQRIRWKHUPHGLFDWLRQ
LQVLJKWDQGRUUHVLVWDQFHWR2&V\PSWRPVDQGRXWFRPHZHUHIROORZHGXS
SURVSHFWLYHO\
5HVXOWV 7KHUH ZHUH QLQH IHPDOH DQG WKUHH PDOH 6FKL]RSKUHQLD SDWLHQWV
HQUROOHGSDWLHQWVZLWK3DUDQRLGW\SHSDWLHQWVZLWK'LVRUJDQLVHGW\SH
SDWLHQWVZLWK5HVLGXDO W\SHSDWLHQWZLWK&DWDWRQLF W\SH DFFRUGLQJ WR
'60,975$YHUDJH DJH ZDV $W EDVHOLQH DOO RI WKH SDWLHQWV KDG
QR2&V\PSWRPV0RGHUDWH WR VHYHUH2&V\PSWRPVDSSHDUHGZLWKGDLO\
GRVHVRIPJGD\RIFOR]DSLQH2QHRIWKHSDWLHQWVµ2&V\PSWRPVKDGQR
FKDQJHRIWKHSDWLHQWVKDGJUDGXDO2&V\PSWRPVUHPLVVLRQZLWKFOR]D
SLQHGDLO\GRVDJHUHGXFWLRQRIWKHSDWLHQWVKDGLPSURYHG2&V\PSWRPV
ZLWKDGGLWLRQDOPHGLFDWLRQVXFKDVÀXR[HWLQHSDUR[HWLQHRUFORPLSUDPLQH
&RQFOXVLRQV$OORIWKHSDWLHQWVZKRGHYHORSHG2&V\PSWRPVGXULQJWUHDW
PHQWZLWKFOR]DSLQHSUHVHQWHGWKHV\PSWRPVIRUWKH¿UVWWLPH:LWKKLJKHU
GDLO\ GRVH RI FOR]DSLQH XVHGPRUH VHYHUH2& V\PSWRPVZHUH SUHVHQWHG
DQGWRRNVKRUWHUWLPHWRDSSHDUDQFHRI2&V\PSWRPV,WLQGLFDWHVWKHSRV
VLELOLW\WKDWWKHDSSHDUDQFHRI2&V\PSWRPVLVFRQQHFWHGZLWKDQHIIHFWRI
FOR]DSLQH+RZHYHU WKHRXWFRPHZDVQRW DVVRFLDWHGZLWK VHYHULW\RI2&
V\PSWRPVQRUGDLO\GRVHRIWUHDWPHQWZLWKFOR]DSLQH
5HIHUHQFHV
%DNHU5:(PHUJHQFHRIREVHVVLYH±FRPSXOVLYHV\PSWRPVGXULQJ
WUHDWPHQWZLWKFOR]DSLQH-&OLQ3V\FKLDWU\±
'H+DDQ/&OR]DSLQHDQGREVHVVLRQVLQSDWLHQWVZLWKUHFHQWRQVHW
VFKL]RSKUHQLD DQG RWKHU SV\FKRWLF GLVRUGHUV - &OLQ 3V\FKLDWU\  SS
±
5H]QLN,&OR]DSLQHLQWKHWUHDWPHQWRI2EVHVVLYH&RPSXOVLYH6\PS
WRPV LQ VFKL]RSKUHQLD SDWLHQWV D FDVH VHULHV VWXG\ 3KDUPDFRSV\FKLDWU\
0DU
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$QDO\VLVRI*$'6\PSWRP,PSURYHPHQWGXULQJ9HQODID[LQH
;57UHDWPHQW
-HII0XVJQXQJ
:\HWK5HVHDUFK&ROOHJHYLOOH3HQQV\OYDQLD86$
6WHSKHQ6WDKO6DHHG$KPHG9LQFHQW+DXGLTXHW'DYLG+DFNHWW
2EMHFWLYHV *HQHUDOL]HG DQ[LHW\ GLVRUGHU *$' D FKURQLF SV\FKLDWULF
LOOQHVV ZLWK HPRWLRQDO DQG SK\VLFDO V\PSWRPV KDV D OLIHWLPH SUHYDOHQFH
RIDSSUR[LPDWHO\7KHJRDORIWKHUDS\LVWRDOOHYLDWHERWKWKHHPRWLRQDO
DQGSK\VLFDO V\PSWRPV DVVRFLDWHGZLWK*$'7KHREMHFWLYHRI WKLV SRVW
KRFDQDO\VLVZDVWRDVVHVVLPSURYHPHQWLQVSHFL¿FSK\VLFDODQGHPRWLRQDO
V\PSWRPVGXULQJWUHDWPHQWZLWKYHQODID[LQH;5
0HWKRGV 'DWD ZHUH SRROHG IURP  SODFHERFRQWUROOHG GRXEOHEOLQG
UDQGRPL]HG VWXGLHV LQ SDWLHQWVZLWK*$' WUHDWHGZLWK HLWKHU YHQODID[LQH
;5RUSODFHERIRUZHHNVQ DQGLQRIWKHVWXGLHVIRUXSWR
PRQWKVQ 7KH+DPLOWRQ5DWLQJ6FDOHIRU$Q[LHW\+$0$ZKLFK
FRPSULVHV  LWHPV IRU SK\VLFDO V\PSWRPV VRPDWLF FRPSRQHQW DQG IRU
HPRWLRQDOV\PSWRPVSV\FKLFFRPSRQHQWZDVWKHPDLQRXWFRPHPHDVXUH
(IIHFWVL]HVIRUFKDQJHIURPEDVHOLQHIRUHDFK+$0$LWHPZHUHFDOFXODWHG
3DLUZLVH FRPSDULVRQV EHWZHHQ WKH YHQODID[LQH DQG SODFHER JURXSV ZHUH
DOVRSHUIRUPHGXVLQJDQDO\VLVRIFRYDULDQFH0LVVLQJGDWDZHUHDFFRXQWHG
IRUZLWKWKHODVWREVHUYDWLRQFDUULHGIRUZDUGWHFKQLTXH
5HVXOWV,PSURYHPHQWLQERWKSV\FKLFDQGVRPDWLFV\PSWRPVZDVVLJQL¿
FDQWO\JUHDWHUZLWKYHQODID[LQH;5WUHDWPHQWFRPSDUHGZLWKSODFHERZLWK
JUHDWHUHIIHFWVL]HVREVHUYHGIRUWKHSV\FKLFV\PSWRPV6WDWLVWLFDOO\VLJQL¿
FDQWGLIIHUHQFHVIURPSODFHERZHUHREVHUYHGRQHZHHNHDUOLHUIRUSV\FKLF
V\PSWRPVFRPSDUHGZLWKVRPDWLFV\PSWRPV2YHUDOOLPSURYHPHQWIRUERWK
W\SHVRIV\PSWRPVZDVVXVWDLQHGRYHUPRQWKV
&RQFOXVLRQV7KLV LV WKH¿UVW HYDOXDWLRQ RI YHQODID[LQH;5 WUHDWPHQW HI
IHFWVRQLQGLYLGXDO+$0$LWHPVDWHDFKYLVLW,QWKLVDQDO\VLVYHQODID[LQH
;5 WUHDWPHQWZDV DVVRFLDWHGZLWK VXVWDLQHG LPSURYHPHQW LQ SV\FKLF DQG
VRPDWLFV\PSWRPV
5HIHUHQFHV
0HRQL36DOLQDV(%UDXOW<+DFNHWW'3DWWHUQRIV\PSWRPLPSURYHPHQW
IROORZLQJWUHDWPHQWZLWKYHQODID[LQH;5LQSDWLHQWVZLWKJHQHUDOL]HGDQ[L
HW\GLVRUGHU-&OLQ3V\FKLDWU\
*HOHQEHUJ$-/\GLDUG5%5XGROSK5/$JXLDU/+DVNLQV-76DOLQDV(
(I¿FDF\ RI YHQODID[LQH H[WHQGHGUHOHDVH FDSVXOHV LQ QRQGHSUHVVHG RXWSD
WLHQWVZLWKJHQHUDOL]HGDQ[LHW\GLVRUGHU$PRQWKUDQGRPL]HGFRQWUROOHG
WULDO-$0$
32
3UHYHQWLQJ5HODSVHLQ3DQLF'LVRUGHU2XWSDWLHQWV9HQODID[LQH
;5
-HII0XVJQXQJ
:\HWK3KDUPDFHXWLFDOV&ROOHJHYLOOH3HQQV\OYDQLD86$
-DPHV)HUJXVRQ$ULI.KDQ5LFKDUG0DQJDQR(YDQ7]DQLV
5LFKDUG(QWVXDK
2EMHFWLYHV7RFRPSDUHWKHORQJWHUPHI¿FDF\DQGVDIHW\RIYHQODID[LQHH[
WHQGHGUHOHDVH;5ZLWKSODFHERLQWKHSUHYHQWLRQRISDQLFGLVRUGHUUHODSVH
LQRXWSDWLHQWUHVSRQGHUVWRWUHDWPHQWZLWKYHQODID[LQH;5
0HWKRGV 3DUWLFLSDQWV LQFOXGHGRXWSDWLHQWV DJHG\HDUVZLWK'60,9
SDQLF GLVRUGHU ZLWK RUZLWKRXW DJRUDSKRELD IRU PRQWKV EHIRUH VWXG\
GD\DVFRUHRQWKH&OLQLFDO*OREDO,PSUHVVLRQ6HYHULW\RI,OOQHVVVFDOH
IXOOV\PSWRPSDQLFDWWDFNVZHHNVEHIRUHVFUHHQLQJIXOOV\PSWRP
SDQLFDWWDFNVLQWKHZHHNVEHIRUHEDVHOLQHDQG&RYL$Q[LHW\6FDOHVFRUH
JUHDWHU WKDQ 5DVNLQ 'HSUHVVLRQ 6FDOH VFRUH 3DWLHQWV ZKR FRPSOHWHG WKH
ZHHNRSHQODEHO WUHDWPHQWSKDVH DQGPHW FULWHULD IRU ³UHVSRQGHU´ LH
KDGIXOOV\PSWRPSDQLFDWWDFNSHUZHHNLQWKHODVWZHHNVRIRSHQODEHO
WUHDWPHQWDQGD&OLQLFDO*OREDO ,PSUHVVLRQ,PSURYHPHQW VFRUHRIRU
ZHUH UDQGRPO\DVVLJQHG WR UHFHLYHHLWKHUGRXEOHEOLQGYHQODID[LQH;5RU
SODFHER UHGXFWLRQ WRPJGD\E\ZHHNRIGRXEOHEOLQGSHULRG IRU
DGGLWLRQDOZHHNV
7KH SULPDU\ HQGSRLQW ZDV WLPH WR UHODSVH GH¿QHG DV  IXOOV\PSWRP
3DQLFDQG$QWLFLSDWRU\$Q[LHW\6FDOHSDQLFDWWDFNVSHUZHHNIRUFRQVHFX
WLYHZHHNV RU GLVFRQWLQXDWLRQ IURP WKH GRXEOHEOLQG SKDVH GXH WR ORVV RI
HIIHFWLYHQHVV7LPH WR UHODSVHZDV DQDO\]HG XVLQJ.DSODQ0HLHU VXUYLYDO
DQDO\VLV
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
5HVXOWV7KH ,77SRSXODWLRQKDGSDWLHQWV LQ WKHRSHQODEHO WUHDWPHQW
SKDVHDQGSDWLHQWVLQWKHGRXEOHEOLQGSKDVHSODFHER YHQODID[LQH
;5  $IWHU WKH LQLWLDO GD\ WLWUDWLRQ SHULRG WKHPHDQ GDLO\ GRVH RI
YHQODID[LQH;5GXULQJWKHRSHQODEHOSKDVHUDQJHGIURPPJWR
PJZLWKDPHDQGDLO\GRVHRIPJ6'DWZHHN'XULQJWKH
GRXEOHEOLQG SKDVH WKHPHDQ GDLO\ GRVH RI YHQODID[LQH;5 UDQJHG IURP
WRPJZLWKDPHDQGDLO\GRVHRIPJ6'DWZHHN
7LPHWRUHODSVHZDVVLJQL¿FDQWO\ORQJHUZLWKYHQODID[LQH;5WKDQSOD
FHER9HQODID[LQH;5ZDVZHOOWROHUDWHG
&RQFOXVLRQV9HQODID[LQH;5ZDVZHOOWROHUDWHGDQGHIIHFWLYHLQSUHYHQWLQJ
UHODSVHLQSDQLFGLVRUGHUSDWLHQWVZKRKDGUHVSRQGHGWRSUHYLRXVYHQODID[
LQH;5WUHDWPHQW
32
6KRUW7HUP7UHDWPHQWRI3DQLF'LVRUGHU9HQODID[LQH;5RU
3DUR[HWLQH
0DUN3ROODFN
0DVVDFKXVHWWV*HQHUDO+RVSLWDO%RVWRQ0DVVDFKXVHWWV86$
-HII0XVJQXQJ5LFKDUG(QWVXDK(YDQ7]DQLV5LFKDUG0DQJDQR
2EMHFWLYHV7RHYDOXDWHWKHVKRUWWHUPHI¿FDF\DQGWROHUDELOLW\RIWKHVHUR
WRQLQQRUHSLQHSKULQHUHXSWDNHLQKLELWRUYHQODID[LQHH[WHQGHGUHOHDVH;5
DQGWKHVHOHFWLYHVHURWRQLQUHXSWDNHLQKLELWRUSDUR[HWLQHLQDGXOWRXWSDWLHQWV
ZLWKSDQLFGLVRUGHU
0HWKRGV 2XWSDWLHQWV DJHG  \HDUV SODFHER Q  YHQODID[LQH ;5
PJ Q  YHQODID[LQH;5PJ Q  SDUR[HWLQH Q ZLWK
SULPDU\GLDJQRVLVRI'60,9SDQLFGLVRUGHUZLWKRUZLWKRXWDJRUDSKRELD
IRU PRQWKVZHUH UDQGRPO\ DVVLJQHG WR UHFHLYH XVLQJ WLWUDWLRQ YHQOD
ID[LQH;5PJGD\RUPJGD\SDUR[HWLQHPJGD\RUSODFHER
IRUZHHNV7KHSULPDU\RXWFRPHPHDVXUHZDVWKHSHUFHQWDJHRISDWLHQWV
IUHHRIIXOOV\PSWRPSDQLFDWWDFNVV\PSWRPVDWHQGSRLQWDQDO\]HGE\
ORJLVWLFUHJUHVVLRQZLWKEDVHOLQHVHYHULW\DVFRYDULDWH6HFRQGDU\RXWFRPHV
PHDVXUHVLQFOXGHG3DQLFDQG$QWLFLSDWRU\$Q[LHW\6FDOHIXOODQGOLPLWHG
V\PSWRP SDQLF DWWDFNV 3DQLF'LVRUGHU 6HYHULW\ 6FDOH 3'66PHDQ DQG
UHVSRQVHUDWHVFRUHUHGXFWLRQIURPEDVHOLQH3KRELD6FDOHIHDUDQG
DQ[LHW\IDFWRUV+DPLOWRQ$Q[LHW\5DWLQJ6FDOHDQG&OLQLFDO*OREDO,PSUHV
VLRQ6HYHULW\RI,OOQHVV&*,6PHDQVPHGLDQFKDQJHLQDQWLFLSDWRU\DQ[L
HW\SHUFHQWDJHRI&*,,PSURYHPHQWUHVSRQGHUVSDWLHQWVZLWKVFRUHRIRU
DQGUHPLVVLRQUDWHQRSDQLFDWWDFNVDQG&*,6VFRUH RU
5HVXOWV$W HQGSRLQW DOO DFWLYH WUHDWPHQW JURXSV VKRZHG D VLJQL¿FDQWO\
3JUHDWHUSHUFHQWDJHRISDWLHQWVIUHHRIIXOOV\PSWRPSDQLFDWWDFNV
EXW QRW OLPLWHGV\PSWRP SDQLF DWWDFNV WKDQ SODFHER DQG ZHUH VXSHULRU
3 RQ DOO RWKHU UHSRUWHG VHFRQGDU\ PHDVXUHV 7KH YHQODID[LQH ;5
PJJURXSKDGDVLJQL¿FDQWO\KLJKHUSHUFHQWDJHRISDQLFIUHHSDWLHQWV
3DQGJUHDWHUPHDQ3'66VFRUHLPSURYHPHQW3WKDQSDUR[HW
LQH%RWKGUXJVZHUHJHQHUDOO\ZHOOWROHUDWHG
&RQFOXVLRQV9HQODID[LQH;5PJGD\DQGPJGD\DQGSDUR[HWLQH
PJGD\ DUH HIIHFWLYH DQGZHOO WROHUDWHG LQ WKH VKRUWWHUP WUHDWPHQW RI
SDQLFGLVRUGHU
32
%HQ]RGLD]HSLQH3UHVFULELQJLQ6ZLW]HUODQG
6\OYLH3HWLWMHDQ
8QLYHUVLW\+RVSLWDO%DVHO6ZLW]HUODQG
'LHWHU/DGHZLJ*HUKDUG:LHVEHFN&KULVWRSK0HLHU
2EMHFWLYHV$SSURSULDWHSUHVFULSWLRQWKHXVHDQGDEXVHRIEHQ]RGLD]HSLQHV
DUHRIFRQFHUQLQSXEOLFKHDOWK,Q6ZLW]HUODQGEHQ]RGLD]HSLQSUHVFULSWLRQV
VWXGLHVDUHUDUHDQGPRVWRIWKHPVKRZPHWKRGRORJLFDOGLI¿FXOWLHV2QWKH
RWKHUKDQGEHQ]RGLD]HSLQHVUHPDLQRQHRIWKHPRVWLPSRUWDQWPHGLFDWLRQV
FRQFHUQLQJDQ[LHW\DQGVOHHSGLVWXUEDQFHV7KHREMHFWLYHRIWKLVVWXG\ZDVWR
LQYHVWLJDWHEHQ]RGLD]HSLQHSUHVFULSWLRQSDWWHUQVLQ6ZLW]HUODQG7KHVWXG\
ZDVIXQGHGE\DJUDQWIURPWKH6ZLVV)HGHUDO2I¿FHRI3XEOLF+HDOWK
0HWKRGV ZH FDUULHG RXW D UHWURVSHFWLYH VL[PRQWKV SRSXODWLRQEDVHG
VXUYH\ XVLQJ DGPLQLVWUDWLYH GDWDEDVHV 6(77,1* 6ZLW]HUODQG )UHQFK
*HUPDQDQG,WDOLDQSDUW3$57,&,3$176µVXEMHFWVDJHGDQG
ROGHUDQGFRYHUHGE\WKHFRPPXQLW\SKDUPDFLHV7KHPDLQRXWFRPHPHDV
XUHV ZHUH WKH LQFLGHQFH DQG SUHYDOHQFH RI EHQ]RGLD]HSLQH SUHVFULSWLRQV
RYHUDOODQGZLWKUHVSHFWWRDJHDQGJHQGHU)XUWKHUPRUHZHXVHGWKHGH¿QHG
GDLO\GRVH'''PHWKRGLQDFFRUGDQFHZLWKWKHXQLWRIPHDVXUHPHQWIRU
GUXJXWLOL]DWLRQVWXGLHVDSSURYHGE\WKH:RUOG+HDOWK2UJDQL]DWLRQ
5HVXOWV 0RVW SDWLHQWV ZLWK EHQ]RGLD]HSLQH SUHVFULSWLRQV ZHUH ZRPHQ
DQGKDOIRIWKHSDWLHQWVZHUHDJHGRUROGHU,QFLGHQFHDQGSUHYD
OHQFHUDWHVRIEHQ]RGLD]HSLQHSUHVFULSWLRQVZHUHFRPSDUDEOHWRRWKHULQWHU
QDWLRQDODQG(XURSHDQVWXGLHV7KHLQFLGHQFHUDWHZDV7KHDQQXDO
SUHYDOHQFHRIEHQ]RGLD]HSLQHSUHVFULSWLRQVZDV)RUSDWLHQWVDJHG
DQGROGHUWKHSUHYDOHQFHZDVIRUSDWLHQWVDJHGWR\HDUV
0RVWSDWLHQWVXVHGEHQ]RGLD]HSLQHVLQDVSRUDGLFZD\!GD\V
DQGLQORZWKHUDSHXWLFGRVDJHV'''WRWGD\!RIWKHSDWLHQWVXVHG
EHQ]RGLD]HSLQHVIRUDORQJHUSHULRGWKDQLQGLFDWHGLQWKHWUHDWPHQWJXLGH
OLQHVGD\VDQGDWKLJKGRVDJHV'''WRWGD\!
&RQFOXVLRQV 7R RXU NQRZOHGJH WKLV LV WKH ¿UVW UHSUHVHQWDWLYH HSLGH
PLRORJLF VWXG\ DVVHVVLQJ WKH LQFLGHQFH DQG SUHYDOHQFH RI EHQ]RGLD]HSLQH
SUHVFULELQJLQ6ZLW]HUODQG
5HIHUHQFHV
&RQVHLO G¶(XURSH  &RQWULEXWLRQ WR WKH VHQVLEOH XVH RI EHQ]RGL
D]HSLQHV(GLWLRQVGX&RQVHLOG¶(XURSH6WUDVERXUJ&HGH[
:+2&ROODERUDWLQJ&HQWUHIRU'UXJ6WDWLVWLFVPHWKRGRORJ\*XLGH
OLQHVIRU$7&FODVVL¿FDWLRQDQG'''DVVLJQPHQW2VOR
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$QWLSV\FKRWLF0HGLFDWLRQDQG/HQJWKRI6WD\DWD3V\FKLDWULF
0D[LPXP6HFXULW\8QLWLQ1RUZD\
6DELQH5HQNHO
8QLYHUVLW\6W2ODYV+RVSLWDO7URQGKHLP1RUZD\
.LUVWHQ5DVPXVVHQ
2EMHFWLYHV7KHDLPRIWKLVVWXG\ZDVWRHYDOXDWHSV\FKRSKDUPDFRORJLFDO
WUHDWPHQWDQGWKHOHQJWKRIVWD\/26RISDWLHQWVZLWKVFKL]RSKUHQLDLQD
PD[LPXPVHFXULW\XQLW
0HWKRGV'DWDZHUHFROOHFWHGIURPWKHKRVSLWDO¿OHVRIFRQVHFXWLYHO\DG
PLWWHGSDWLHQWVZLWKVFKL]RSKUHQLDZKRZHUHERWKDGPLWWHGDQGGLVFKDUJHG
EHWZHHQWKH\HDUVDQG3V\FKRWURSLFPHGLFDWLRQDQG/26DWWKH
WLPHRIGLVFKDUJHZHUHUHJLVWHUHG
5HVXOWV1LQHW\¿YHSHUFHQWRIWKHSDWLHQWVUHFHLYHGDQWLSV\FKRWLFPHGLFD
WLRQ=XFORSHQWKL[ROZDVWKHPRVWIUHTXHQWPHGLFDWLRQJLYHQWRRIWKH
SDWLHQWV$QWLSV\FKRWLFSRO\SKDUPDF\ZDVIRXQGLQRIWKHFDVHVEXW
RQO\  KDG WULHG FOR]DSLQH EHIRUH DQWLSV\FKRWLF SRO\WKHUDS\ZDV LQVWL
WXWHG7ZHQW\HLJWKSHUFHQWRIWKHSDWLHQWVZHUHPHGLFDWHGZLWKGRVHVDERYH
WKHUHFRPPDQGHGWKHUDSHXWLFGRVHUDQJH'XULQJWKHVWXG\SHULRGWKHUHZDV
QRFKDQJHLQWKHDGPLQLVWUDWLRQDQGQXPEHURISV\FKRWURSLFVEXWWKHUHZDV
DQLQFUHDVHLQWKHGRVDJHVRIDQWLSV\FKRWLFV+RZHYHU/26ZDVXQFKDQJHG
GXULQJWKHVDPHWLPH
&RQFOXVLRQV 7KH UHVXOWV VXSSRUW RWKHU ¿QGLQJV WKDW WKHUH LV QR FOLQLFDO
EHQH¿WRIKLJKHUDQWLSV\FKRWLFGRVDJH,WLVVXJJHVWHGWKDWDQRSWLPDOL]DWLRQ
RIPHGLFDWLRQSUDFWLFHFRXOG\LHOGEHQH¿FLDU\HIIHFWVQRWRQO\IRUVFKL]R
SKUHQLFV\PSWRPVEXWDOVRIRUYLROHQFHLQVFKL]RSKUHQLFSDWLHQWV
5HIHUHQFHV
7DYHUQRU56ZLQWRQ07DYHUQRU6+LJKGRVHDQWLSV\FKRWLFPHGLFD
WLRQLQPD[LPXPVHFXULW\-RXUQDORIIRUHQVLFSV\FKLDWU\
%XWZHOO0-DPLHVRQ(/HHVH07D\ORU67UHQGVLQVSHFLDOKLJK
VHFXULW\ KRVSLWDOV UHVLGHQF\ DQG GLVFKDUJH HSLVRGHV  %U -
3V\FKLDWU\
6WXEEV-+	+DZ&00HGLFDWLRQVFKL]RSKUHQLDDQG WKHIRUHQVLF
PXOWLGLVFLSOLQDU\WHDP%ULWLVKMRXUQDORI)RUHQVLFSUDFWLFH
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9HQODID[LQH+\SRQDWUDHPLD,QFLGHQFH0HFKDQLVPDQG
0DQDJHPHQW
0LOWRQ5R[DQDV
$XVWUDOLD
$QWLGHSUHVVDQW LQGXFHG K\SRQDWUDHPLD ZDV GHVFULEHG LQ  ZLWK DP
LWULSW\OLQHEXWLVQRZPRUHFRPPRQO\VHHQEHFDXVHRIWKHLQFUHDVLQJDJHRI
WKHSRSXODWLRQDQGFXUUHQWO\XVHGDQWLGHSUHVVDQWVHJ665,¶VDQGYHQODID[
LQH7KHLQFLGHQFHRIK\SRQDWUDHPLDLQWKHHOGHUO\YDULHVEHWZHHQDQG
ZKLOVWWKDWGXHWR665,¶VUDQJHVIURPDQGWKDWGXHYHQODID[LQH
PD\EHDVKLJKDV$OPRVWHYHU\SV\FKRWURSLFDJHQWDQG(&7KDVEHHQ
039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
DVVRFLDWHGZLWKK\SRQDWUDHPLDZKLFKLIXQGHWHFWHGPD\FDXVHVHYHUHPRU
ELGLW\DQGHYHQPRUWDOLW\
2EMHFWLYHV 7KLV VWXG\ DLPV WR FODULI\ LQ D SURVSHFWLYH PDQQHU  WKH
LQFLGHQFH RI K\SRQDWUDHPLD GXH WR YHQODID[LQH LQ SDWLHQWV RYHU \UV 
PHFKDQLVPRIK\SRQDWUDHPLDLWVPDQDJHPHQW
0HWKRGV $ FRQVHFXWLYH VHULHV RI ZKR ZHUH VWDUWHG RI YHQODID[LQH KDG
EDVHOLQH HOHFWURO\WHV XUHD FUHDWLQLQH XULF DFLG DQG SODVPD RVPRODOLW\
,IK\SRQDWUDHPLD VRGLXPPPRO/ZDVGHWHFWHGGD\V ODWHU WKH
SDWLHQWKDGIXUWKHU WHVWVHJ UDQGRPFRUWLVRO$'+76+XULQHRVPRODOLW\
DQGVSRWXULQDU\VRGLXPZKLOVWFRQWLQXLQJRQYHQODID[LQH
7KH K\SRQDWUDHPLF SDWLHQW ZDV SODFHG RQ ÀXLG UHVWULFWLRQ  POGD\
DQG UHJXODU HOHFWURO\WH PHDVXUHPHQWV PDGH XQWLO VHUXP VRGLXP UHDFKHG
PPRO/ZKHQÀXLGUHVWULFWLRQZDVVWRSSHGDQGWKHSDWLHQWIROORZHGXS
PRQWKO\IRUPRQWKV
5HVXOWVSDWLHQWVRYHU\UVZHUHH[DPLQHGDQGIRXQGWREH
K\SRQDWUDHPLFSDWLHQWVGURSSHGRXWRIIROORZXSDQGGLGQRWUHVSRQG
6HUXPVRGLXPOHYHOVGHFUHDVHGZLWKLQGD\VDQGWKLVZDVSDUDOOHOHGE\D
ORZSODVPDRVPRODOLW\ DQG UDLVHG$'+$IWHU ÀXLG UHVWULFWLRQ WKH VHUXP
VRGLXP UHWXUQHG WR QRUPDO ZKLOH SODVPD RVPRODOLW\ URVH DV$'+ OHYHOV
GLPLQLVKHG
&RQFOXVLRQV7KH LQFLGHQFHRIYHQODID[LQH LQGXFHGK\SRQDWUDHPLD LQRXU
VHULHVZDVORZHUWKDWRIRWKHUVSUREDEO\EHFDXVHLWZDVDEURDGEDVHG
FRPPXQLW\VDPSOH
:HKDYHVKRZQWKDWWKHSUREDEOHPHFKDQLVPLVVWLPXODWLRQRI$'+UHOHDVH
E\YHQODID[LQHDQGWKDWÀXLGUHVWULFWLRQFDQUHYHUVHWKHK\SRQDWUDHPLDZLWK
RXWGLVFRQWLQXLQJRUVWRSSLQJYHQODID[LQH
7KLVSURVSHFWLYHVWXG\QHHGV WREH UHSOLFDWHGZLWKD ODUJHUQXPEHURISD
WLHQWVEXWLWLVLPSRUWDQWWRFKHFNWKHVHUXPVRGLXPOHYHOZLWKLQGD\VLQWKH
HOGHUO\RQDQWLGHSUHVVDQWVWRGHWHFWDQGWUHDWK\SRQDWUDHPLDLISUHVHQW
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0RGHORI$QKHGRQLDZLWK&RQWUROIRU6WUHVV(IIHFWVRI
&LWDORSUDP
7DW\DQD6WUHNDORYD
&HQWUDO,QVWLWXWHRI0HQWDO+HDOWK0DQQKHLP*HUPDQ\
1DWDOLD*RUHQNRYD2OHJ'ROJRY6HUJHM.XWVFKHUMDZM
'XVDQ%DUWVFK
2EMHFWLYHV$QKHGRQLDDGH¿FLWRIDELOLW\WRH[SHULHQFHSOHDVXUHVLVDFRUH
V\PSWRPRIKXPDQGHSUHVVLRQ&KURQLFVWUHVVLVFRPPRQO\XVHGLQDQLPDO
PRGHOV RI DQKHGRQLD +RZHYHU VWUHVV DOVR HYRNHV D QXPEHU RI HIIHFWV
ZKLFK DUH QRW UHODWHG WR GHSUHVVLRQOLNH FKDQJHV DQG FRPSOLFDWH DSSOLFD
WLRQRIFKURQLFVWUHVVPRGHOV7KHUHIRUHZHKDYHHVWDEOLVKHGDQHZFKURQLF
VWUHVVSURFHGXUHLQPLFHWKDWLQGXFHVDQKHGRQLDRQO\LQDVXEJURXSRIDQL
PDOVZKLOHDQRWKHUVXEJURXSGRQRWVKRZKHGRQLFGH¿FLWVDQGFDQVHUYHDV
DQLQWHUQDOFRQWUROIRUWKHVWUHVVHIIHFWVQRWDVVRFLDWHGZLWKDQKHGRQLD
0HWKRGV<RXQJ&%/1PDOHPLFH KDYH EHHQ VXEPLWWHG WR D UDW H[
SRVXUHDQGUHVWUDLQHGVWUHVVDGRSWHGIURPDPHWKRGGHVFULEHGHOVHZKHUH
6WUHNDORYDHWDO
5HVXOWV $IWHU  ZHHNV RI VWUHVV WKH GURS RI SUHIHUHQFH WR VXFURVH
VROXWLRQ RFFXUUHG LQ DSSUR[LPDWHO\  RI PLFH WKRVH WKHUHIRUH ZHUH
FRQVLGHUHGDVDQKHGRQLF7KHSUHIHUHQFHWRVXFURVHLQWKLVJURXSRIDQLPDOV
 ZDV VLJQL¿FDQWO\ GHFUHDVHG FRPSDUHG WR WKH QRQVWUHVVHG
FRQWUROV  6WUHVVHG DQLPDOV ZKLFK H[KLELWHG QR FKDQJH LQ
SUHIHUHQFHWRVXFURVHZHUHUHJDUGHGDVUHVLVWDQWWRDQKHGRQLD
DQGZHUHXVHGDVDQLQWHUQDOFRQWUROIRUWKHHIIHFWVRIFKURQLFVWUHVVDORQH
%HKDYLRUDO DQDO\VLV GHPRQVWUDWHG WKDW DQKHGRQLD LV DVVRFLDWHG ZLWK NH\
DQDORJXHV RI GHSUHVVLYH V\PSWRPV VXFK DV LQFUHDVHG ÀRDWLQJ LQ IRUFHG
VZLPPLQJ GHFUHDVHG H[SORUDWLRQ DQG DOWHUHG GD\QLJKW DFWLYLW\ LQ KRPH
FDJHV6WUHVVLQGXFHGFKDQJHVLQDQ[LHW\ORFRPRWLRQDQGERG\ZHLJKWZHUH
QRWUHODWHGWRSUHVHQFHRIKHGRQLFGH¿FLW$IWHUWHUPLQDWLRQRIVWUHVVKDOIRI
DQLPDOVUHFHLYHGFLWDORSUDPPJNJHLWKHUZLWKGULQNLQJZDWHURUZLWK
RVPRWLF PLQLSXPSV GXULQJ  ZHHNV ,Q DQKHGRQLF JURXS WUHDWPHQW ZLWK
FLWDORSUDPUHVWRUHGSUHIHUHQFH WRVXFURVHGHFUHDVHGVFRUHVRIGHSUHVVLYH
OLNHDQGDQ[LHW\OLNHEHKDYLRUV
&RQFOXVLRQVHPSOR\HGFKURQLF VWUHVVSURFHGXUH OHDGV WRDQKHGRQLD LQ
PLFH  KHGRQLF GH¿FLW LV VSHFL¿FDOO\ DVVRFLDWHG ZLWK SUHVHQFH RI RWKHU
GHSUHVVLYHOLNHIHDWXUHVZKLOHFKURQLFVWUHVVDORQHLVQRWGHSUHVVLYHOLNH
FKDQJHV LQ DQKHGRQLF DQLPDOV FDQ EH UHYHUVHG E\ FKURQLF DGPLQLVWUDWLRQ
RI FLWDORSUDP 7KXV SURSRVHG PHWKRG FDQ EH D XVHIXO DQLPDO PRGHO RI
DQKHGRQLD
5HIHUHQFHV
6WUHNDORYD76SDQDJHO5%DUWVFK'+HQQ)$*DVV36WUHVVHGLQ
GXFHGDQKHGRQLDLQPLFHLVDVVRFLDWHGZLWKGH¿FLWVLQIRUFHGVZLPPLQJDQG
H[SORUDWLRQ1HXURSV\FKRSKDUPDFRORJ\
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$VHQDSLQH+DVD8QLTXH+XPDQ5HFHSWRU%LQGLQJ6LJQDWXUH
(ULN+):RQJ
3¿]HU*OREDO5	'$QQ$UERU0LFKLJDQ86$
0RKDPPHG6KDKLG
2EMHFWLYHV $VHQDSLQH LV UHSRUWHG WR RIIHU D VLJQL¿FDQW DGYDQFH LQ WKH
WKHUDSHXWLFPDQDJHPHQWRIVFKL]RSKUHQLDYLDDQLPSURYHGHI¿FDF\DQGWRO
HUDELOLW\SUR¿OHYHUVXVDUHSUHVHQWDWLYHDW\SLFDODQWLSV\FKRWLF3RWNLQHWDO
7KHPHFKDQLVPRIDFWLRQRIDVHQDSLQHZDVH[SORUHGE\FRPSDULQJLWV
KXPDQUHFHSWRUELQGLQJSURSHUWLHVZLWKRWKHUDQWLSV\FKRWLFGUXJV
0HWKRGV$OO GUXJVZHUH WHVWHG XQGHU LGHQWLFDO ELQGLQJ DVVD\ FRQGLWLRQV
XVLQJPHPEUDQHV IURP FHOOV H[SUHVVLQJ FORQHG KXPDQ VHURWRQLQ +7$
+7% +7$ +7& +7 +7 +7 QRUDGUHQDOLQH Į Į$ Į%
Į&GRSDPLQH''/''KLVWDPLQH+++DQGDFHW\OFKROLQH
0000UHFHSWRUV$VHQDSLQHZDVDOVRWHVWHGIRUJHQHUDOUHFHSWRU
VSHFL¿FLW\SUR¿OLQJLQDSDQHORIGLIIHUHQWUHFHSWRUHQ]\PHWUDQVSRUWHU
DQGLRQFKDQQHOWDUJHWV
5HVXOWV $VHQDSLQH H[KLELWV D XQLTXH KXPDQ UHFHSWRU ELQGLQJ VLJQDWXUH
7DEOHDVLQGLFDWHGE\WKHLGLIIHUHQWUDQNRIRUGHURIUHFHSWRUDI¿QLW\
FRPSDUHGZLWKRWKHUDW\SLFDODQWLSV\FKRWLFVLLH[FHSWLRQDOO\KLJKDI¿QLW\
IRUVHURWRQLQUHFHSWRUVLLLDODUJHUVHSDUDWLRQRIELQGLQJDI¿QLWLHVEHWZHHQ
VHURWRQLQDQGWKH'UHFHSWRUFRPSDUHGZLWKWKHRWKHUGUXJVLYOLNHOLKRRG
WKDW DVHQDSLQH ZLOO KDYH LQWHUDFWLRQ ZLWK D QHZ EOHQG RI WKHUDSHXWLFDOO\
UHOHYDQW UHFHSWRUV LQFOXGLQJ +7& +7$ +7 +7 ' UHFHSWRUV
DQG ĮDGUHQRFHSWRUV DW HTXLYDOHQW WKHUDSHXWLF GRVHV DQG Y UHODWLYHO\
ORZHUDI¿QLW\IRUKLVWDPLQHDQGDODFNRIDI¿QLW\IRUPXVFDULQLFUHFHSWRUV
$VHQDSLQHDOVRVKRZHGQRVLJQL¿FDQWDFWLYLW\ LQ WKHJHQHUDO UHFHSWRUVSH
FL¿FLW\SUR¿OLQJ
7DEOH
5HFHSWRU%LQGLQJ$I¿QLW\.LQ0
+7& +7$ +7 +7 ' ' Į$ Į& ' +L 0
$VHQDSLQH           
5LVSHULGRQH           
2ODQ]DSLQH           
4XHWLDSLQH           
+DORSHULGRO          ! 
&RQFOXVLRQV7KHKXPDQUHFHSWRUELQGLQJSUR¿OHRIDVHQDSLQHGLVWLQJXLVKHV
LWIURPWKDWRIRWKHUDQWLSV\FKRWLFV6XFKGLIIHUHQWLDWLRQLQUHFHSWRUSKDUPD
FRORJ\PD\FRQWULEXWHWRZDUGVLWVQRYHOHI¿FDF\DQGWROHUDELOLW\SUR¿OHLQ
VFKL]RSKUHQLDSDWLHQWV
5HIHUHQFHV
3RWNLQ6*HWDO3UHGLFWLQJFOLQLFDODQWLSV\FKRWLFGRVHVIURPSUHFOLQL
FDODQG3(7VWXGLHVDFDVHVWXG\ZLWKDVHQDSLQH$&13SRVWHU
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6XSSRUWLQJ7RROVLQ3V\FKRSKDUPDFRORJ\7KH$UWLILFLDO
1HXUDO1HWZRUN0HWKRGLQ3V\FKLDWU\
&KLDUD6SDJQROR
+6DQ5DIIDHOH8QLYHUVLWj9LWDH6DOXWHRI0LODQ,WDO\
/LQGD)UDQFKLQL(UQHVWLQD3ROLWL
2EMHFWLYHV7KH DELOLW\ RI$UWL¿FLDO1HXUDO1HWZRUN $11 WR UHFRJQL]H
FRPSOH[DQGQRQOLQHDUUHODWLRQVKLSVKDVVXJJHVWHGWKHDSSOLFDWLRQRIWKHVH
PRGHOV WR SV\FKRSKDUPDFRORJ\7KH DLPRI WKH SUHVHQW VWXG\ LV WR DSSO\
$11PHWKRGRQDSRRORIFOLQLFDOLQIRUPDWLRQIUHHO\JDWKHUHGWRLGHQWLI\D
ZD\WRGHVFULEHWKH$11SUHYLVLRQDOSRZHUDVDVXSSRUWLQJWRROLQWUHDWPHQW
GHFLVLRQPDNLQJXVHIXOLQFOLQLFDOVHWWLQJ
0HWKRGV :H KDYH DSSOLHG WKH PDWKHPDWLFDO PRGHO RI DUWL¿FLDO QHXUDO
QHWZRUN $11 RQ D SRRO RI FOLQLFDO LQIRUPDWLRQ JDWKHUHG WKURXJK FDVH
039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
GHVFULSWLRQ IUHHO\ ¿OOHG E\ VHQLRU SV\FKLDWULVWV LQWR  FOLQLFDO FKDUWV
RI SDWLHQWV DW WKHLU ¿UVW OLIHWLPH WUHDWPHQW ZLWK VHUWUDOLQH 3DWLHQWV ZHUH
UHFUXLWHGIURP,WDOLDQSV\FKLDWULFDQGQHXURORJLFDOFOLQLFDOFHQWUHV7KH
QXPEHURIFOLQLFDOFKDUWVPDGHDYDLODEOHIURPVHUYLFHUDQJHGIURPWR
7KHRQO\LQFOXVLRQFULWHULDZDVWKDWFOLQLFDOFKDUWVKDGWREHDERXWSDWLHQWV
DW WKHLU ¿UVW WUHDWPHQWZLWK VHUWUDOLQH&OLQLFDO HSLGHPLRORJLFDO GLDJQRV
WLF DQG SKDUPDFKRORJLFDO LQIRUPDWLRQV DQG WKH FOLQLFDO MXGJHPHQW DERXW
RXWFRPHZHUHJDWKHUHGLQDQDWXUDOLVWLFZD\IURPFOLQLFDOFKDUWVDQGZHUH
FRGHGDFFRUGLQJWRDELWZLVHELQDU\PRGHO6KDQQRQHQWURS\ZDVFRPSXWHG
DIWHUHDFKYDULDEOHFRQVWLWXWLQJWKHLQSXWOD\HUVRIWKHQHWZRUN'DWDZHUH
DQDO\VHGXVLQJ%DFN3URSDJDWLRQ1HXUDO1HWZRUNXVLQJ4ZLN1HW
5HVXOWV7KH WHVWLQJ$11SHUIRUPDQFH LQ IRUHFDVWLQJ VXFFHVVIXO DQG XQ
VXFFHVVIXO WUHDWPHQWFDVHVVKRZHGDQRYHUDOODFFXUDF\RIFODVVL¿FDWLRQRI

&RQFOXVLRQV7KLVUHVXOWVXSSRUWVWKHIXWXUHDQGSUHVHQWDSSOLFDWLRQRIWKLV
PHWKRGWRREWDLQDUHOLDEOHSUHGLFWLRQRIDJLYHQSV\FKLDWULFSDWLHQWRXWFRPH
GXULQJDVSHFL¿FSV\FKRSKDUPDFRORJLFDOWKHUDS\
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3KDUPDFRNLQHWLFVRI(VFLWDORSUDPLQ6XEMHFWVZLWK+HSDWLF
,PSDLUPHQW
-RKDQ$UHEHUJ
+/XQGEHFN$6&RSHQKDJHQ'HQPDUN
-DFRE6WU¡\HU&KULVWRSKHUVHQ0HWWH1¡KU3RXOVHQ)UDQN/DUVHQ
2EMHFWLYHV7RGHWHUPLQHWKHHIIHFWRIKHSDWLFLPSDLUPHQWRQWKHSKDUPD
FRNLQHWLFVRIHVFLWDORSUDPE\PHDQVRIQRQOLQHDUPL[HGHIIHFWPRGHOOLQJ
FRQVLGHULQJ ERWK WKH &KLOG3XJK FODVVL¿FDWLRQ DQG LWV FRPSRQHQWV DQG
F\WRFKURPH3&&<3&DFWLYLW\
0HWKRGV7ZHQW\IRXUVXEMHFWVZHUHJURXSHGDFFRUGLQJWRWKHLU&KLOG3XJK
VFRUHDVKHDOWK\PLOGKHSDWLFLPSDLUPHQWRUPRGHUDWHKHSDWLFLPSDLUPHQW
7KHSKHQRW\SHRI&<3&DFWLYLW\ZDVGHWHUPLQHGLQDOOVXEMHFWVZLWKKH
SDWLFLPSDLUPHQWIURPWKHXULQDU\H[FUHWLRQUDWLRRI65PHSKHQ\WRLQDIWHU
DVLQJOHGRVHRIPHSKHQ\WRLQ$OOVXEMHFWVZHUHDGPLQLVWHUHGDVLQJOHRUDO
GRVH RI HVFLWDORSUDPPJ DQG WKH VHUXP FRQFHQWUDWLRQV RI HVFLWDORSUDP
DQG LWVPHWDEROLWH 6GHPHWK\OFLWDORSUDP 6'&7ZHUH GHWHUPLQHG XS WR
KDIWHU GRVH7KHSKDUPDFRNLQHWLFVZDV DVVHVVHGE\QRQOLQHDUPL[HG
HIIHFWPRGHOOLQJ
5HVXOWV$OO VXEMHFWV WROHUDWHG WKH WUHDWPHQWZHOO DQG QR VHULRXV DGYHUVH
HYHQWVZHUHUHSRUWHG&RPSDUHGWRKHDOWK\VXEMHFWVSUHGLFWHGPHDQ$8&LQI
YDOXHVZHUHQRWVLJQL¿FDQWDQGSKLJKHUIRUVXEMHFWVZLWK
PLOGDQGPRGHUDWHKHSDWLFLPSDLUPHQWUHVSHFWLYHO\7KHEHVW¿WWLQJPRGHO
VKRZHGDQLQÀXHQFHRI&<3&DFWLYLW\VHUXPDOEXPLQFRQFHQWUDWLRQDQG
DJHRQFOHDUDQFHDQGZHLJKWRQWKHYROXPHRIGLVWULEXWLRQIRUHVFLWDORSUDP
7KHLQÀXHQFHRI&<3&DFWLYLW\RQWKHFOHDUDQFHRIHVFLWDORSUDPZDVWKH
VLQJOHPRVWLPSRUWDQWIDFWRU
&RQFOXVLRQV&RPSDUHGWRKHDOWK\VXEMHFWVWKRVHZLWKPLOGDQGPRGHUDWH
KHSDWLFLPSDLUPHQWKDGPRGHUDWHO\KLJKHU$8&LQIYDOXHVIRUHVFLWDORSUDP
8VLQJ&<3&DFWLYLW\WRFKDUDFWHULVHWKHKHSDWLFLPSDLUPHQWLVDEHWWHU
SUHGLFWRURIHVFLWDORSUDPFOHDUDQFHWKDQ&KLOG3XJKFODVVL¿FDWLRQ
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=LSUDVLGRQH,QGXFHG+\SHUSURODFWLQHPLD
-DQX/XERV
'HSDUWPHQWRI3V\FKLDWU\&KDUOHV8QLYHUVLW\3LOVHQ&]HFK
5HSXEOLF
5DFNRYD6\OYD

2EMHFWLYHV+\SHUSURODFWLQHPLD LV WKH FRPPRQDGYHUVH HYHQWRI DQWLSV\
FKRWLF PHGLFDWLRQ0RUH WKDQ  RI ' RFFXSDQF\ OHDGV WR K\SHUSURO
DFWLQHPLD=LSUDVLGRQHLVDVHURWRQLQHGRSDPLQHDQWDJRQLVWZLWKYHU\ORZ
SUREDELOLW\RIK\SHUSURODFWLQHPLDFDXVLQJ
5HVXOWV\HUVROGZRPDQNJZLWK¿UVWHSLVRGHRIVFKL]RSKUHQLDZDV
DGPLWHG EHFDXVH RI PDVVLYH SRVLWLYH SV\FKRWLF V\PSWRPDWRORJ\  GD\
DIWHU¿UVW]LSUDVLGRQHGRVHWKHSDWLHQWUHIHUHGDERXWJDODFWRUKHD7KHSURO
DFWLQHPLDZDVP,8O7KHGDLO\GRVHRI]LSUDVLGRQHZDVPJGRVH
ZDVLQFUHDVHGGXULQJZHHNVSDWLHQWZLWKRXWFDUGLRYDVFXODUSUREOHPVZDV
H[DPLQDWHGE\(&*&OLQLFDOVWDWXVRIWKLVSDWLHQWZDVLPSURYHGLQIRUPHG
FRQVHQW IRUKLJKGRVHPHGLFDWLRQZDVJLYHQEHIRUH WLWUDWLRQRYHU VWDQGDUW
GRVH$IWHU YDOLGL]DWLRQRI K\SHUSURODFWLHPLD WKHGRVHRI ]LSUDVLGRQHZDV
GHFUHDVHGLPPHGLDWHO\WRPJGD\,QGD\WKHSURODFWLQHPLDZDV
P,8OZHLJWKNJSDWLHQWUHIHUHGDERXWJ\QHFRPDVWLDZLWKRXWJDODF
WRUKHD'XULQJZKROHWLPHQRH[WUDS\UDPLGDODGYHUVHHYHQWVZHUHVWDWHG
&RQFOXVLRQV=LSUDVLGRQHVKRXOGEHDÄSURODFWLQVSDULQJ³DQWLSV\FKRWLF7KH
SRVVLELOLW\RILQGXFHGK\SHUSURODFWLQHPLDLVGHSHQGRISKDUPDFRG\QDPLFV
±LQWHQVLW\RI'RFFXSDQF\W\SHRIUHFHSWRUGLVVRFLDWLRQ'UHFHSWRUXS
UHJXODWLRQ3URODFWLQRPDPD\EHRWKHUUHDVRQIRUSURODFWLQYDOXHHOHYDWLRQ
3URODFWLQHYDOXDWLRQVKRXOGEHLQYHVWLJDWHGE\DOODQWLSV\FKRWLFVDIWHUVWDEOH
DQWLSV\FKRWLFVPHGLFDWLRQHVSHFLDOO\LQKLJKHUGRVHVRIDQWLSV\FKRWLFV
/LWHUDWXUH
*RRGQLFN3-5RGULJXH]/6DQWDQD2$QWLSV\FKRWLFVLPSDFWRQSURODFWLQ
OHYHOV([SHUW2SLQ3KDUPDFRWKHU2FW
.DSXU6=LSXUVN\5-RQHV&5HPLQJWRQ*+RXOH65HODWLRQVKLSEHWZHHQ
GRSDPLQH ' RFFXSDQF\ FOLQLFDO UHVSRQVH DQG VLGH HIIHFWV D GRXEOH
EOLQG3(7VWXG\RI¿UVWHSLVRGHVFKL]RSKUHQLD$P-3V\FKLDWU\
±
/XVVNLQ 6, &DQFUR 5 &KXDQJ / -DFREVRQ - 3URODFWLQ HOHYDWLRQ ZLWK
]LSUDVLGRQH$P-3V\FKLDWU\2FW
2WDQL . .RQGR 7 ,VKLGD0 7DQDND 2<DVXL 1 6X]XNL$ .DQHNR 6
3ODVPDSURODFWLQFRQFHQWUDWLRQDQGSV\FKRSDWKRORJ\RIVFKL]RSKUHQLD3URJ
1HXURSV\FKRSKDUPDFRO%LRO3V\FKLDWU\1RY
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3URODFWLQHPLD±0DUNHURI'2FFXSDQF\ZLWK'HSR
$QWLSV\FKRWLFV
-DQX/XERV
'HSDUWPHQWRI3V\FKLDWU\&KDUOHV8QLYHUVLW\3LOVHQ&]HFK
5HSXEOLF
5DFNRYD6\OYD
2EMHFWLYHV7KHFRPPRQSULQFLSOHRI DQWLSV\FKRWLFPHGLFDWLRQ LV WKH'
RFFXSDQF\0RUHWKDQRI'RFFXSDQF\OHDGVWRWKHUDSHXWLFDOHIIHFW
$ERXWDQGPRUH'RFFXSDQF\FDXVHK\SHUSURODFWLQHPLD:HH[SHFW
ORZ SURODFWLQHPLD E\ SDWLHQWV LQ UHODSVH RI VFKL]RSKUHQLD DQG KLJKHU E\
VWDEOHSDWLHQWV
0HWKRGV:HREVHUYHGSDWLHQWVZLWKGHSRPHGLFDWLRQUHKRVSLWDOLVHGIRU
UHODSVHRIVFKL]RSKUHQLD3$166!3URODFWLQHPLDHYDOXDWLRQLQGD\V
DQGZHUHQH[WFRPSDUHGZLWKFRQWUROVVWDEOHRXWSDWLHQWFDUHZLWK
WKH VDPH NULWHULD:H HYDOXDWHG &*,3$166 DQG DGYHUVH HYHQWV VFDOHV
%DUQHV6LPSVRQ$,068.8
5HVXOWV'RVHRIDQWLSV\FKRWLFVZDV LQFUHDVHG0HDQSURODFWLQHPLDRI
ZRPHQDQGPHQLQGD\ZDVP,8O LQGD\DQG LQGD\
P,8OFRQWUROJURXSZDVP,8O1RGLIIHUHQFHEHWZHHQ
WKH VWXG\ JURXS DQG FRQWUROV ZDV VWDWHG S  7KH GLIIHUHQFH GXULQJ
KRVSLWDOLVDWLRQ ZDV QRW VWDWLVWLFDOO\ VLJQL¿FDQW 1R FRUUHODWLRQ EHWZHHQ
FOLQLFDOVWDWXVSURODFWLQHPLDDQGDGYHUVHHYHQWVZDVHYDOXDWHG7KHVFRUH
RI6LPSVRQ$QJXVVFDOHS DQG$,06S ZDVGXULQJWKHWLPH
GHFUHDVHG
&RQFOXVLRQV ,QFUHVLQJ RI DQWLSV\FKRWLFV GLG QRW UHDFK LQ LQFUHDVLQJ RI
SURODFWLQHPLD FRQWUDULZLVH LQWHQVLW\ RI H[WUDS\UDPLGDO V\PSWRPV ZDV
GHFUHDVHG2WKHUUHDVRQIRUZHDNSURODFWLQHPLDFKDQJHVOLNHSKDUPDFRG\
QDPLFFKDUDFWHULVWLFDQGRU'XSUHJXODWLRQPD\EHUHDVRQIRUWKLVUHVXOWV
0RUHGDWDDERXWXSUHJXODWLRQRI'UHFHSWRUDUHQHHGHG
/LWHUDWXUH
$GDPV &( )HWRQ 0.3 4XUDLVKL 6 'DYLG$6 6\VWHPDWLFN PHWD
UHYLHZ RI GHSRW DQWLSV\FKRWLF GUXJV IRU SHRSOH ZLWK VFKL]RSKUHQLD %U -
3V\FKLDWU\
.DSXU6=LSXUVN\5-RQHV&5HPLQJWRQ*+RXOH65HODWLRQVKLSEHWZHHQ
GRSDPLQH ' RFFXSDQF\ FOLQLFDO UHVSRQVH DQG VLGH HIIHFWV D GRXEOH
EOLQG3(7VWXG\RI¿UVWHSLVRGHVFKL]RSKUHQLD$P-3V\FKLDWU\
±
.LUNSDWULFN%%XFKDQDQ:50DHGD.&DUSHQWHU:-DXFK'7DPPLJD
&$ Ä(IIHFW RI 1HXUROHSWLF :LWKGUDZDO RQ SODVPD SURODFWLQ D SRVVLEOH
PDUNHURIUHFHSWRUDGDSWDWLRQ³%LRO3V\FKLDWU\
039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
32
6W-RKQ¶V:RUW+\SHULFXPSHUIRUDWXPDQG%UHDVWIHHGLQJ
&RQFHQWUDWLRQVRI+\SHUIRULQLQ1XUVLQJ,QIDQWVDQG%UHDVW
0LON
&ODXGLD0.OLHU
'HSDUWPHQWRI&KLOGDQG$GROHVFHQW1HXURSV\FKLDWU\0HGLFDO
8QLYHUVLW\9LHQQD
%ULJLWWH6FKPLG6LHJHO0LULDP56FKlIHU*HUKDUG/HQ]
$ORLV6DULD$P\/HH06F*HUDOG=HUQLJ
2EMHFWLYHV +HUEDO SUHSDUDWLRQV IRU GHSUHVVLRQ VXFK DV 6W -RKQµV :RUW
6-:DUHRIWHQSUHIHUUHGRYHUSKDUPDFHXWLFDOSUHSDUDWLRQVE\PRWKHUVDQG
PLGZLYHV DIWHU FKLOGELUWK EHFDXVH WKHVH SUHSDUDWLRQV DUH DYDLODEOH WR SD
WLHQWVDVRYHUWKHFRXQWHUÄQDWXUDO³WUHDWPHQWVDQGDUHSRSXODUO\DVVXPHGWR
EHVDIH7KHRQO\H[LVWLQJUHSRUWRQ6-:H[FUHWLRQLQWRKXPDQPLONVKRZHG
WKDWRQO\RQHDFWLYHFRPSRQHQWK\SHUIRULQZDVGHWHFWDEOHLQEUHDVWPLON
EXWZDV QRW GHWHFWDEOH LQ WKH LQIDQWV¶ SODVPD$QRWKHU UHSRUW IRXQGPRUH
FDVHVRIPLQRUSUREOHPVLQLQIDQW¶VEUHDVWIHGE\ZRPHQRQ6-:+RZHYHU
VLJQL¿FDQFHZDVRQO\UHDFKHGLQFRPSDULVRQZLWKGLVHDVHPDWFKHGS
EXWQRWZLWKQRQGLVHDVHFRQWUROVS
0HWKRGV)LYHPRWKHUVZKRZHUHWDNLQJPJ6-:WKUHHWLPHVGDLO\>/,
-DUVLQ/LFKWZHU3KDUPD*PE+%HUOLQ*HUPDQ\@DQGWKHLUQXUVHG
LQIDQWVZHUHDVVHVVHG7KLUW\VL[EUHDVWPLONVDPSOHVIRUHDQGKLQGPLON
FROOHFWHGGXULQJDQKRXUSHULRGDQGPRWKHUVµDQGLQIDQWVµSODVPD
VDPSOHVZHUHDQDO\]HGIRUK\SHUIRULQOHYHOVE\WDQGHPPDVVVSHFWURPHWU\
/&0606/24QJPO
5HVXOWV+\SHUIRULQLVH[FUHWHGLQWREUHDVWPLONDWORZOHYHOV+RZHYHUWKH
FRPSRXQGZDVDWWKHOLPLWRITXDQWL¿FDWLRQLQWKHLQIDQWVµSODVPDVDPSOHV
QJPO 0LONSODVPD UDWLRV UDQJHG IURP  7KH UHODWLYH LQIDQW
GRVHV RI    LQGLFDWH WKDW LQIDQW H[SRVXUH WR K\SHUIRULQ WKURXJK
PLONLVFRPSDUDEOHWROHYHOVUHSRUWHGLQPRVWVWXGLHVDVVHVVLQJDQWLGHSUHV
VDQWVRUQHXUROHSWLFV1RVLGHHIIHFWVZHUHVHHQLQWKHPRWKHUVRULQIDQWV
&RQFOXVLRQV7KHVHUHVXOWVDGGWRWKHHYLGHQFHWKDWZLWKVRPHSUHFDXWLRQV
WKH6-:H[WUDFW/,LVVDIHZKLOHEUHDVWIHHGLQJ
5HIHUHQFHV
.OLHU&06FKDIHU056FKPLG6LHJHO%/HQ]*0DQQHO06W -RKQµV
ZRUW +\SHULFXP SHUIRUDWXPLV LW VDIH GXULQJ EUHDVWIHHGLQJ" 3KDUPD
FRSV\FKLDWU\
32
/LWKLXP3ODVPD/HYHO'HWHUPLQDWLRQVLQ5RXWLQH3V\FKLDWULF
&DUH
.ODXV0DQQ
8QLYHUVLW\RI0DLQ]*HUPDQ\
/XW]*6FKPLGW&KULVWRSK+LHPNH
2EMHFWLYHV7KHUDSHXWLFGUXJPRQLWRULQJ7'0RISV\FKRWURSLFGUXJV LV
DQHVWDEOLVKHGWRROWRRSWLPL]HSV\FKLDWULFSKDUPDFRWKHUDS\+RZHYHUWKHUH
LVLQFUHDVLQJHYLGHQFHWKDWLWVXVHLQURXWLQHFDUHLVQRWRSWLPDO=HUQLJHW
DO$JDLQVWWKLVEDFNJURXQGZHKDYHHYDOXDWHGWKHDSSURSULDWHQHVV
RI7'0XWLOL]DWLRQIRUOLWKLXPLQDQDWXUDOLVWLFSV\FKLDWULFLQSDWLHQWVHWWLQJ
EHFDXVHOLWKLXPSODVPDOHYHOVDUHFUXFLDOIRUWUHDWPHQWPRQLWRULQJGXHWRLWV
QDUURZWKHUDSHXWLFUDQJH
0HWKRGV7KH7'0GDWD RI DOO SDWLHQWV DGPLWWHG WR RXU KRVSLWDO LQ 
ZLWKDXQLSRODUGHSUHVVLYHGLVRUGHUZHUHDQDO\]HGUHWURVSHFWLYHO\Q 
%DVHGRQGHWDLOHGFKDUWUHYLHZWKHWLPHRIEORRGVDPSOHWDNLQJLQUHODWLRQ
WRWKHPHGLFDWLRQSURFHVVWKHWLPHIRUSURFHVVLQJRIWKHEORRGVDPSOHVLQ
WKH ODERUDWRU\ DQG WKH FRQVHTXHQFHV RI WKH ODERUDWRU\ UHVXOWV IRU FOLQLFDO
GHFLVLRQPDNLQJZHUHDVVHVVHG
5HVXOWV$OWRJHWKHUOLWKLXPSODVPDOHYHOVZHUHPHDVXUHGLQSDWLHQWV
,QQHDUO\DOOFDVHVWKHODERUDWRU\UHVXOWVZHUHDYDLODEOHWRWKHFOLQLFLDQVRQ
WKHVDPHGD\ZKHQWKHEORRGVDPSOHVZHUHGHOLYHUHGWRWKHODERUDWRU\0RVW
SODVPD OHYHOGHWHUPLQDWLRQVZHUH UHSHDW WHVWVZLWKRXWDSUHFHGLQJFKDQJH
RIGRVH)RUWKRVHEORRGVDPSOHVWDNHQDIWHUWKHVWDUWRIOLWKLXPPHGLFDWLRQ
RUDFKDQJHRIGRVHUHVSHFWLYHO\PRUHWKDQZHUHWDNHQZLWKLQGD\V
EHIRUHVWHDG\VWDWHKDGEHHQUHDFKHG,QFDVHVWKHOLWKLXPSODVPDOHYHOV
ZHUHDERYHPPROO OHDGLQJWRGRVHUHGXFWLRQE\WKHFOLQLFLDQVLQDOO
FDVHVZLWKLQGD\V
&RQFOXVLRQV7KHUHVXOWVGHPRQVWUDWHWKHIUHTXHQWXVHRI7'0LQGHSUHV
VLYHLQSDWLHQWVWUHDWHGZLWKOLWKLXP3ODVPDOHYHOVRIOLWKLXPDERYHWKHUHF
RPPHQGHGUDQJHIRUDXJPHQWDWLRQDQGPDLQWHQDQFHWKHUDS\OHGWRSURPSW
GRVHUHGXFWLRQVLQGLFDWLQJWKDWWKHFOLQLFLDQVZHUHDZDUHRIWKHUHOHYDQFH
RI7'0WRDYRLGWR[LFGRVLQJ+RZHYHUUHJDUGLQJWKHWLPHRIEORRGVDPSOH
WDNLQJ RUGHULQJRI7'0IRU OLWKLXPDSSHDUV WREHQRW DSSURSULDWH7KXV
LPSOHPHQWDWLRQRI7'0IRUOLWKLXPLQFOLQLFDOURXWLQHVKRXOGEHLPSURYHG
LQRUGHU WR DYRLGXQQHFHVVDU\ WHVWV DQG WRSUHYHQW WKDWPLVOHDGLQJ UHVXOWV
PD\LQÀXHQFHFOLQLFDOGHFLVLRQPDNLQJ
5HIHUHQFHV
=HUQLJ * /HFKQHU 7 .UDPHU5HLQVWDGOHU . +LQWHUKXEHU + +LHPNH &
6DULD$ :KDW WKH FOLQLFLDQ VWLOO KDV WR EH UHPLQGHG RI7KHU'UXJ
0RQLW
32
1HXURELRORJLFDO&KDQJHV,QGXFHGE\&KROLQHUJLF%ORFNDGHLQ
WKH&RJQLWLYH6WUXFWXUHV$&RPSDUDWLYH6WXG\RI7ULF\FOLFV
YV7UD]RGRQHRQ$QLPDO0RGHO
'UDJRV0DULQHVFX
803K&UDLRYD5RPDQLD
78GULVWRLX/0RJRDQWD
%DFNJURXQG+LJKOHYHOVRIFRUWLVROLQWKHPDMRUGHSUHVVLYHGLVRUGHUPD\
FDXVHVHYHUDODOWHUDWLRQVRIKLSSRFDPSXVLQFOXGLQJ&$&$DUHDDQGFLQ
JXODWHDQGHQWKRULQDOFRUWH[7KHKLSSRFDPSDOOHVLRQVPD\EHUHVSRQVLEOH
IRUWKHFRJQLWLYHLPSDLUPHQWZKLFKFRXOGEHDJJUDYDWHGE\WKHFKROLQHUJLF
EORFNDGH.RSHOPDQ:KLOHWULF\FOLFVVKRZDVLJQL¿FDQWDQWLFKROLQ
HUJLFDFWLRQWUD]RGRQHKDVYLUWXDOO\QRVXFKHIIHFW2XUVWXG\DLPVWRKLJK
OLJKW WKHGLIIHUHQFHVEHWZHHQ WKH WZRFODVVHVRI DQWLGHSUHVVDQWV UHJDUGLQJ
WKHLUSRWHQWLDORIQHXURELRORJLFDODJJUHVVLYHQHVV
0HWKRGVJURXSVRIUDWVHDFKKDYHEHHQXVHG1±FRQWUROJURXS1
± UHFHLYHGGH[DPHWKDVRQHZLWKVXEVHTXHQW LQFUHDVHRIFRUWLVRO OHYHOV1
±ZDV DGPLQLVWHUHGGH[DPHWKDVRQH DQG DPLWU\SWLOLQH1±ZDV DGPLQLV
WHUHGGH[DPHWKD]RQHDQG WUD]RGRQH2QGD\ VDPSOHVRIKLSSRFDPSXV
DQGIURQWDOFRUWH[KDYHEHHQSUHOHYDWHGDQGSURFHVVHG
5HVXOWV7KHKLSSRFDPSDOOHVLRQVZHUHVLJQL¿FDQWO\KLJKHULQ1FRPSDUHG
WRFRQWUROJURXS$WWKHVXEMHFWVLQ1WKHVHOHVLRQVZHUHIDUPRUHSURPL
QHQWDIIHFWLQJDOVRWKHOD\HU,,,,9LQWKHIURQWDOFRUWH[ZKLOHJURXS1
VKRZHGPLQLPDOOHVLRQV
&RQFOXVLRQV7KHDQWLFKROLQHUJLFHIIHFWLQGXFHGE\WULF\FOLFDQWLGHSUHVVDQWV
FRPELQHGZLWK KLJK OHYHOV RI FRUWLVRO FRQVWLWXWHV DQ LPSRUWDQW ULVN IDFWRU
IRUWKHDOWHUDWLRQRIKLSSRFDPSDODQGIURQWDOVWUXFWXUHVZKLOHWUD]RGRQHLV
PDLQWDLQLQJWKHLQWHJULW\RIWKHVHVWUXFWXUHV
32
/LWKLXP6WLPXODWHV0LWRFKRQGULDO5HVSLUDWRU\&KDLQ(Q]\PH
$FWLYLWLHVLQ+XPDQ%UDLQ&RUWH[
,ULV0DXUHU
'HSWRI3V\FKLDWU\)ULHGULFK6FKLOOHU8QLYHUVLW\RI-HQD
*HUPDQ\
3DWULFLD6FKLSSHO
2EMHFWLYHV7KHPHFKDQLVPE\ZKLFK OLWKLXPH[HUWV LWV WKHUDSHXWLFHIIHFW
LQELSRODUGLVRUGHUKDVDV\HW UHPDLQHGHOXVLYH ,QELSRODUGLVRUGHUPLWR
FKRQGULDOG\VIXQFWLRQ LV LPSOLFDWHGEDVHGRQ VHYHUDO LQGHSHQGHQW OLQHVRI
HYLGHQFH HJ DEQRUPDOEUDLQHQHUJ\PHWDEROLVPGHFUHDVHGFHOOXODUS+
DQGPLWRFKRQGULDO'1$GHOHWLRQV7KHVHREVHUYDWLRQVUDLVHWKHSRVVLELOLW\
WKDWOLWKLXPPLJKWEHHIIHFWLYHWKURXJKDQDOWHUDWLRQRIPLWRFKRQGULDOHQHUJ\
JHQHUDWLRQYLDR[LGDWLYHSKRVSKRU\ODWLRQ
0HWKRGV:HWKHUHIRUHDQDO\]HGWKHDFWLYLWLHVRIWKHPLWRFKRQGULDOUHVSLUD
WRU\ FKDLQ FRPSOH[HV ,,,, FRPSOH[HV ,,,,, VXFFLQDWH GHK\GURJHQDVH
FRPSOH[,9F\WRFKURPHFR[LGDVHDQGRIFLWUDWHV\QWKDVHLQKXPDQEUDLQ
FRUWH[DIWHUWKHDGGLWLRQRIYDU\LQJFRQFHQWUDWLRQVRIOLWKLXPFKORULGH
5HVXOWV/LWKLXPFKORULGHLQFUHDVHGWKHDFWLYLW\RIUHVSLUDWRU\FKDLQHQ]\PH
FRPSOH[HV ,,,, XS WR  DQG WKH DFWLYLW\ RI FRPSOH[HV ,,,,, XS WR
DWDFRQFHQWUDWLRQRIPPROO,QFUHDVLQJWKHOLWKLXPFRQFHQWUDWLRQ
IXUWKHUGLGQRWOHDGWRDQDGGLWLRQDOLQFUHDVHLQHQ]\PHDFWLYLWLHV$FWLYLW\RI
VXFFLQDWHGHK\GURJHQDVHZDVDOVRLQFUHDVHGE\OLWKLXPZLWKWKHPD[LPXP
LQFUHDVHRIKRZHYHUEHLQJUHDFKHGDWDFRQFHQWUDWLRQRIPPROO
,Q FRQWUDVW DFWLYLW\RI F\WRFKURPHFR[LGDVH FRPSOH[ ,9ZDVPRGHVWO\
GHFUHDVHGE\OLWKLXPFKORULGH
039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
&RQFOXVLRQV7KHUHVXOWVVXJJHVWDVHOHFWLYHDFWLYDWLRQRIFRPSOH[HV,DQG
,,RIWKHPLWRFKRQGULDOUHVSLUDWRU\FKDLQE\OLWKLXPZKLFKOHDYHVFRPSOH[
,9 XQDIIHFWHG 6LQFH WKH FRQFHQWUDWLRQV RI OLWKLXP XVHG LQ RXU VWXG\ DUH
ZLWKLQWKHWKHUDSHXWLFGRVHUDQJHDSSOLHGLQDIIHFWLYHGLVRUGHUVWKHUHVXOWV
DUHOLNHO\WREHFOLQLFDOO\UHOHYDQW%\HQKDQFLQJUHVSLUDWRU\FKDLQHQ]\PH
DFWLYLWLHVOLWKLXPPD\FRPSHQVDWHIRUDSRWHQWLDOO\LPSDLUHGPLWRFKRQGULDO
HQHUJ\PHWDEROLVPLQELSRODUGLVRUGHU
32
&RPSDULVRQRI$W\SLFDO$QWLSV\FKRWLFVIRU3HGLDWULF%LSRODU
'LVRUGHU
(ULF0LFN
0DVVDFKXVHWWV*HQHUDO+RVSLWDO86$
-RVHSK%LHGHUPDQ
2EMHFWLYHV%HFDXVHSHGLDWULFELSRODUGLVRUGHUKDVEHHQDVVXPHGWREHH[
WUHPHO\UDUHRUQRQH[LVWHQWYHU\OLWWOHLVNQRZQDERXWLWVWUHDWPHQWDQGWR
GDWHWKHUHLVQRDFFHSWHGWKHUDSHXWLF³JROGVWDQGDUG´7RDGGUHVVWKLVYRLG
ZHKDYHFRQGXFWHGDVHULHVRIVWXGLHVHYDOXDWLQJDW\SLFDODQWLSV\FKRWLFVLQ
WKHWUHDWPHQWRIFKLOGUHQZLWKELSRODUGLVRUGHU7KHJRDORIWKLVVWXG\ZDVWR
SRROWKHGDWDDYDLODEOHDFURVVRXUSURJUDPRIUHVHDUFKWRPDNHKHDGWRKHDG
FRPSDULVRQVRIWKHVHFRPSRXQGVLQDODUJHVDPSOHRIFKLOGUHQZLWKELSRODU
GLVRUGHU
0HWKRGV 6XEMHFWV ZHUH DVVLJQHG UDQGRPO\ WR RQH RI VHYHUDO LGHQWLFDOO\
GHVLJQHGWULDOV(DFKVWXG\FRQVLVWHGRIDQZHHNRSHQODEHOPRQRWKHUDS\
ZLWK DQ DW\SLFDO DQWLSV\FKRWLF ULVSHULGRQH TXHWLDSLQH ]LSUDVLGRQH RU
RODQ]DSLQH'DWDIURPDQDGGLWLRQDOVWXG\HYDOXDWLQJDXJPHQWDWLRQRIRODQ
]DSLQHZLWK WRSLUDPDWHZDV DOVR LQFOXGHG0DOH RU IHPDOH VXEMHFWV 
\HDUVRIDJHZHUHLQFOXGHGLQWKHWULDO(DFKVXEMHFWPHWFULWHULDIRU'60,9
ELSRODU,GLVRUGHU'60,9ELSRODU,,GLVRUGHURUELSRODUGLVRUGHU126DQG
ZHUHFXUUHQWO\GLVSOD\LQJPDQLFK\SRPDQLFRUPL[HGV\PSWRPVZLWKRU
ZLWKRXWSV\FKRWLFIHDWXUHVDFFRUGLQJWRWKH'60,9EDVHGRQFOLQLFDODV
VHVVPHQWE\ERDUGFHUWL¿HGFKLOGDQGDGROHVFHQWSV\FKLDWULVW
5HVXOWV2QHKXQGUHGRQH VXEMHFWVZHUH HQUROOHG LQ WKH VWXG\7KH\ZHUH
\HDUVRIDJHDQGSUHGRPLQDQWO\PDOH7KHUHZDVQRGLIIHU
HQFHEHWZHHQWUHDWPHQWDUPVLQDJHS RUJHQGHUS $WEDVHOLQH
DOO JURXSV ZHUH PDUNHGO\ LPSDLUHG DFFRUGLQJ WR WKH<056 7KHUH ZHUH
VLJQL¿FDQWUHGXFWLRQVLQELSRODUV\PSWRPVRYHUZHHNVRIWKHUDS\IRUDOO
PHGLFDWLRQJURXSV7DEOH7KHUHZHUHPRGHUDWHO\LQFUHDVHGSURODFWLQOHY
HOVDVVRFLDWHGZLWK ULVSHULGRQH QJG/ WKDWZHUH VLJQL¿FDQWO\
KLJKHUWKDQRODQ]DSLQHQJG/DWHQGSRLQWTXHWLDSLQHQJ
G/DQG]LSUDVLGRQHQJG/,QQRVXEMHFWVZDVSURODFWLQHOHYDWHG
WR D FOLQLFDOO\ VLJQL¿FDQW OHYHO 2ODQ]DSLQH ZDV DVVRFLDWHG ZLWK PDUNHG
LQFUHDVH LQZHLJKW  NJ WKDWZDV VWDWLVWLFDOO\ VLJQL¿FDQWO\ JUHDWHU
WKDQ WKHZHLJKW JDLQ IRU ULVSHULGRQH NJ TXHWLDSLQH NJ
DQG]LSUDVLGRQHNJ
&RQFOXVLRQV7KLVVWXG\VXJJHVWVWKDWDW\SLFDODQWLSV\FKRWLFVUHGXFHPDQLF
V\PSWRPDWRORJ\ LQ\RXWKZLWKELSRODUGLVRUGHU7RSLUDPDWHDXJPHQWDWLRQ
RI RODQ]DSLQH RIIHUHG QR FOLQLFDO EHQH¿W EXWPD\ EH KHOSIXO LQPDQDJLQJ
ZHLJKWJDLQDVVRFLDWHGZLWKDW\SLFDODQWLSV\FKRWLFWKHUDS\)XWXUHSODFHER
FRQWUROOHGGRXEOHEOLQGVWXGLHVRI WKHVHFRPSRXQGVDUHZDUUDQWHG LQ WKLV
SRSXODWLRQ
5HIHUHQFHV
%LHGHUPDQ-6)DUDRQHHWDOÄ)XUWKHUHYLGHQFHRIXQLTXHGHYHO
RSPHQWDOSKHQRW\SLFFRUUHODWHVRISHGLDWULFELSRODUGLVRUGHU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FKDQJHVLQDOOSHULSKHUDOELRORJLFDOPDUNHUV
5HIHUHQFHV
3ODLQ+%HUN07KHSODWHOHWDVDSHULSKHUDOPDUNHULQSV\FKLDWULF
LOOQHVVHV+XP3V\FKRSKDUPDFRO&OLQ([S
0XFN6HOHU' 3LYDF10XVWDSLF0 &UQFHYLF = -DNRYOMHYLF0 6DJXG
0  3ODWHOHW VHURWRQLQ DQG SODVPD SURODFWLQ DQG FRUWLVRO LQ KHDOWK\
GHSUHVVHGDQGVFKL]RSKUHQLFZRPHQ3V\FKLDWU\5HVHDUFK
32
7KH(IIHFWRI0LOQDFLSUDQ615,RQ0HPRU\LQ.RUVDNRII¶V
6\QGURPH
6KXVXNH1XPDWD
8QLYHUVLW\RI7RNXVKLPD6FKRRORI0HGLFLQH-DSDQ
6RQJ+RQJZHL-XQLFKL,JD.HQ<DPDXFKL7DNDKLGH7DQLJXFKL
6KXLFKL8HQR7HWVXUR2KPRUL
:H UHSRUWHG D FDVH RI D SDWLHQW ZLWK .RUVDNRII¶V V\QGURPH .6 ZKRVH
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UHVSHFWLYHO\DW-XO\WK
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ZDV VWDUWHG LQ DGGLWLRQ WR FDUEDPH]HSLQH LQ
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/RFRPRWRUDFWLYLW\ZDV
PHDVXUHGIRUPLQLPPHGLDWHO\IROORZLQJFDIIHLQHRUVDOLQHDGPLQLVWUD
WLRQ+\SHULFXP SHUIRUDWXP H[WUDFW +3(    DQG PJNJ DQG
039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
VDOLQHZHUHLQMHFWHGLSWRDQRWKHU¿YHLQGHSHQGHQWJURXSVRIWKHPLFHDQG
PLQODWHUORFRPRWRUDFWLYLW\ZDVPHDVXUHGIRUPLQ,QIXUWKHUVWXG\+3(
PJNJZDVDGPLQLVWHUHGWRDQRWKHUJURXSRIPLFHPLQEHIRUHFDI
IHLQHPJNJLQMHFWLRQVDQGORFRPRWRUDFWLYLW\ZDVUHFRUGHGIRUPLQ
LPPHGLDWHO\DIWHUFDIIHLQHDGPLQLVWUDWLRQV)LQDOO\LQDQRWKHULQGHSHQGHQW
JURXSRIWKHPLFH/DUJLQLQHD12SUHFXUVRUJNJZDVDGPLQLVWHUHGLS
PLQEHIRUH+3(PJNJ,PPHGLDWHO\IROORZLQJFDIIHLQHPJNJ
LQMHFWLRQORFRPRWRUDFWLYLW\ZDVPHDVXUHGDVPHQWLRQHGDERYH'DWDZHUH
HYDOXDWHGE\DQDO\VLVRIYDULDQFHRQHZD\$129$IROORZHGE\'XQQHWW¶V
RU7XNH\¶VWHVWVDQG6WXGHQW¶VWWHVW
5HVXOWV&DIIHLQHSURGXFHGVRPHVLJQL¿FDQWLQFUHDVHVLQORFRPRWRUDFWLYLW\
RI WKH PLFH >)   S  RQHZD\$129$@ +3( GH
SUHVVHGVLJQL¿FDQWO\ORFRPRWRUDFWLYLW\RIWKHPLFHDWGRVHRIPJNJS 
'XQQHWW¶VWHVW2WKHUGRVHVRI+3(PJNJGLGQRWSURGXFHDQ\
VLJQL¿FDQW FKDQJH LQ WKH ORFRPRWRU DFWLYLWLHV+3( PJNJEORFNHG
FDIIHLQH PJNJLQGXFHG ORFRPRWRUK\SHUDFWLYLW\ >) S
RQHZD\$129$@/DUJLQLQHSUHWUHDWPHQWUHYHUVHGWKHLQKLELWRU\
HIIHFWRI+3(PJNJRQFDIIHLQHPJNJLQGXFHGORFRPRWRUDFWLYLW\
S 6WXGHQW¶VWWHVWZLWKRXWSURGXFLQJDQ\VLJQL¿FDQWHIIHFWRQORFR
PRWRUDFWLYLW\RIWKHPLFHZKHQLWZDVDGPLQLVWHUHGDORQH
&RQFOXVLRQV2XU UHVXOWV VXJJHVW WKDW+3(EORFNV FDIIHLQHLQGXFHG ORFR
PRWRUK\SHUDFWLYLW\LQPLFHDQGLWPD\EHXVHIXOIRUWUHDWPHQWRIFDIIHLQH
GHSHQGHQFH ,QDGGLWLRQ WKH LQKLELWRU\HIIHFWRI+3(RQFDIIHLQHLQGXFHG
ORFRPRWRUDFWLYLW\PD\EHUHODWHGWRLWV126LQKLELWRU\SURSHUW\
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.D\LU+8]ED\,7(YLGHQFHIRUWKHUROHRIQLWULFR[LGHLQFDIIHLQH
LQGXFHGORFRPRWRUDFWLYLW\LQPLFH3V\FKRSKDUPDFRORJ\
/XR/6XQ40DR<</X<+7DQ5;,QKLELWRU\HIIHFWVRIÀDYR
QRLGVIURP+\SHULFXPSHUIRUDWXPRQQLWULFR[LGHV\QWKDVH-(WKQRSKDUPD
FRO
8]ED\ ,7 2JOHVE\ 0:  1LWULF R[LGH DQG VXEVWDQFH GHSHQGHQFH
1HXURVFL%LREHKDY5HY
:LVH5$%R]DUWK0$$SV\FKRPRWRUVWLPXODQWWKHRU\RIDGGLFWLRQ
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(IIHFWVRI6W-RKQ¶V:RUWRQ(WKDQRO:LWKGUDZDOLQ5DWV
,7D\IXQ8]ED\
*XOKDQH0LOLWDU\0HGLFDO$FDGHP\'HSDUWPHQWRI0HGLFDO
3KDUPDFRORJ\$QNDUD7XUNH\
,ONH&RVNXQ1LOJXQ2]WXUN<XVXI2]WXUN
2EMHFWLYHV ([WUDFW RI WKH FRPPRQ SODQW +\SHULFXP SHUIRUDWXP / 6W
-RKQµV:RUW 6-: KDV EHHQ XVHG VXFFHVVIXOO\ IRU WKH WUHDWPHQW RI PLOG
WR PRGHUDWH GHSUHVVLRQ$OFRKROLVP DQG GHSUHVVLRQ KDYH VRPH FRPPRQ
QHXURFKHPLFDOVXEVWUDWHVDQGDQWLGHSUHVVDQWDJHQWVPD\KDYHEHQH¿FLDOHI
IHFWVRQDOFRKROLVP8]ED\HWDO$OWKRXJKLQKLELWRU\HIIHFWVRI6-:
RQDOFRKROLQWDNHDQGSUHIHUHQFHLQUDWVZHUHVKRZHG5H]YDQLHWDO
3HUIXPLHWDODQ\VWXG\LQYHVWLJDWLQJWKHHIIHFWVRI6-:RQHWKDQRO
ZLWKGUDZDO V\QGURPH KDV QRW EHHQ SXEOLVKHG \HW7KH SUHVHQW VWXG\ZDV
GHVLJQHG WR HYDOXDWH WKH HIIHFWV RI6-:RQ HWKDQROZLWKGUDZDO V\QGURPH
LQUDWV
0HWKRGV$GXOWPDOH:LVWDUUDWVJZHUHXVHGLQWKHVWXG\Q 
IRUHDFKJURXS(WKDQRO0HUFN86$YYZDVJLYHQWRUDWVE\D
OLTXLGGLHWIRUGD\VDVSUHYLRXVO\GHVFULEHG8]ED\DQG.D\DDOS
$QLVRFDORULFOLTXLGGLHWZLWKRXWFRQWDLQLQJHWKDQROZDVDOVRJLYHQWRFRQWURO
UDWV+\SHULFXPSHUIRUDWXPH[WUDFW+3(DQGPJNJDQG
VDOLQHZHUHLQMHFWHGWRUDWVLQWUDSHULWRQHDOO\MXVWEHIRUHHWKDQROZLWKGUDZDO
$IWHUQGWKDQGWKKRIHWKDQROZLWKGUDZDOUDWVZHUHREVHUYHGIRUPLQ
DQG ZLWKGUDZDO VLJQV WKDW LQFOXGHG ORFRPRWRU K\SHUDFWLYLW\ DJLWDWLRQ
VWHUHRW\SHGEHKDYLRUWUHPRUDQGZHWGRJVKDNHVZHUHUHFRUGHGRUUDWHG$
VHFRQGVHULHVRILQMHFWLRQVZDVJLYHQDWKDIWHUWKH¿UVWRQHDQGVXEMHFWV
ZHUHWKHQWHVWHGIRUDXGLRJHQLFVHL]XUHV'DWDZHUHHYDOXDWHGE\DQDO\VLVRI
YDULDQFHRQHZD\$129$IROORZHGE\'XQQHWW¶VWHVW0DQQ:KLWQH\8
WHVWDQG&KLVTXDUHWHVW7KHOHYHORIVLJQL¿FDQFHZDVVHWDWSOHYHOV
5HVXOWV+3(PJNJSURGXFHGVRPHGRVHGHSHQGHQWDQGVLJQL¿
FDQWLQKLELWRU\HIIHFWVRQORFRPRWRUK\SHUDFWLYLW\DWQGDQGWKKRIHWKDQRO
ZLWKGUDZDO >)   S DQG )   S UHVSHF
WLYHO\RQHZD\$129$@,QDGGLWLRQLWDWWHQXDWHGVLJQL¿FDQWO\LQWHQVLW\RI
WKHVWHUHRW\SHGEHKDYLRUDWWKHVDPHGRVHUDQJHS0DQQ:KLWQH\8
WHVW+3(DQGPJNJSURGXFHGVRPHVLJQL¿FDQWLQKLELWRU\HIIHFWV
RQWUHPRUDQGDXGLRJHQLFVHL]XUHVGXULQJZLWKGUDZDOSHULRG$Q\FRQVLVWHQW
DQGVLJQL¿FDQWHIIHFWGLGQRWREVHUYHRQWKHRWKHUVLJQVRIHWKDQROZLWKGUDZ
DOVXFKDVDJLWDWLRQDQGZHWGRJVKDNHVE\+3(WUHDWPHQWV+3(DWGRVHVXV
LQJWKHVWXG\GLGQRWSURGXFHDQ\PDUNHGDQGVLJQL¿FDQWHIIHFWRQORFRPRWRU
DFWLYLW\DQGPRWRUFRRUGLQDWLRQRIQDwYHQRHWKDQROGHSHQGHQWUDWV
&RQFOXVLRQV2XUUHVXOWVVXJJHVW WKDW+3(KDVVRPHEHQH¿FLDOHIIHFWVRQ
HWKDQROZLWKGUDZDOV\QGURPHLQUDWV7KXVLWPD\EHXVHIXOGUXJIRUWUHDW
PHQWRIHWKDQROZLWKGUDZDOV\QGURPH
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
3HUIXPL 5 &LFFRFLRSSR 5 $QJHOHWWL 6 &XFFXOHOOL 0 0DVVL 0 
(IIHFWV RI+\SHULFXPSHUIRUDWXPH[WUDFW RQ DOFRKRO LQWDNH LQPDUFKLJLDQ
6DUGLQLDQDOFRKROSUHIHUULQJUDWV$OFRKRO$OFRKRO
5H]YDQL$+2YHUVWUHHW'+<DQJ<&ODUN($WWHQXDWLRQRIDOFRKRO
LQWDNHE\H[WUDFWRI+\SHULFXPSHUIRUDWXP6W-RKQ¶V:RUWLQWZRGLIIHUHQW
VWUDLQVRIDOFRKROSUHIHUULQJUDWV$OFRKRO$OFRKRO
8]ED\ ,76DJODP(.D\LU+dHOLN7%H\D]\XUHN0 (IIHFWVRI
ÀXR[HWLQHRQHWKDQROZLWKGUDZDOV\QGURPHLQUDWV-3V\FKLDW5HV

8]ED\,7.D\DDOS62$PRGL¿HGOLTXLGGLHWRIFKURQLFHWKDQRODG
PLQLVWUDWLRQ9DOLGDWLRQE\HWKDQROZLWKGUDZDOV\QGURPHLQUDWV3KDUPDFRO
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3KDUPDFRYLJLODQFH'DWDRQ0LUWD]DSLQHDQGWKH'HYHORSPHQW
RI+\SRQDWUDHPLD
$UMHQYDQ:LOOLJHQEXUJ
$VVRFLDWH'LUHFWRU0HGLFDO6HUYLFHV(XURSD1HWKHUODQGV
6FKUDQV6WDVVHQ%+*-%ZLUH56LPPRQV-+
,QWURGXFWLRQ +\SRQDWUDHPLD KDV EHHQ DVVRFLDWHG ZLWK WKH XVH RI DQWL
GHSUHVVDQWV LQ SDUWLFXODU WKH 6HOHFWLYH 6HURWRQLQ 5HXSWDNH ,QKLELWRUV
665,VDQGYHQODID[LQH+\SRQDWUDHPLDFDQFDXVHVHYHUHPRUELGLW\DQG
VXEVWDQWLDOPRUWDOLW\$JHIHPDOHVH[FRQFRPLWDQWPHGLFDOFRQGLWLRQVDQG
XVHRIWKLD]LGHGLXUHWLFVDUHDVVRFLDWHGZLWKDQLQFUHDVHGULVNRIGHYHORSLQJ
K\SRQDWUDHPLD 665,V VHOHFWLYHO\ LQKLELW +7 UHXSWDNHZLWK OLWWOH RU QR
HIIHFWRQWKHDGUHQHUJLFV\VWHP9HQODID[LQHH[HUWV LWVHIIHFWVE\EORFNLQJ
WKH UHXSWDNH RI ERWK +7 DQG 1( 0LUWD]DSLQH GLIIHUV IURP WKH 665,V
DQGYHQODID[LQHPHFKDQLVWLFDOO\LQWKDW LWKDVQRHIIHFWRQWKH+7RU1(
WUDQVSRUWHUV0LUWD]DSLQHGLUHFWO\EORFNVSUHV\QDSWLFDDXWRUHFHSWRUVDQG
KHWHURUHFHSWRUVDVZHOODVSRVWV\QDSWLF+7DQG+7UHFHSWRUV,QWKLV
UHYLHZZH VRXJKW WR H[DPLQH WKH LQFLGHQFH RI K\SRQDWUDHPLD DVVRFLDWHG
ZLWKPLUWD]DSLQHVLQFHLWVLQWURGXFWLRQ
0HWKRGV/LWHUDWXUH VHDUFKHVZHUHSHUIRUPHGXVLQJ0HGOLQHDQG(PEDVH
XVLQJ WKH NH\ZRUGV ³PLUWD]DSLQH´ ³K\SRQDWUDHPLD´ ³6,$'+´ DQG
³SRO\GLSVLD´,QDGGLWLRQ2UJDQRQ¶VSKDUPDFRYLJLODQFHGDWDEDVH&OLQ7UDFH
ZKLFKFRYHUVDOOVHULRXVDGYHUVHHYHQWVRIFOLQLFDOVWXGLHVDQGVSRQWDQH
RXVUHSRUWHGFDVHVZHUHVHDUFKHGIRUWKHVDPHNH\ZRUGV7KHVHDUFKFRY
HUHGWKHSHULRGIURPVW6HSWHPEHU±VW-DQXDU\
5HVXOWV ,Q WKH WRWDOREVHUYDWLRQSHULRG LW LV HVWLPDWHG WKDWPLOOLRQSD
WLHQWV KDYH EHHQ WUHDWHGZLWKPLUWD]DSLQH0HGOLQH DQG(PEDVH OLWHUDWXUH
VHDUFKHV UHYHDOHGRQO\RQHFDVH UHSRUW WKDWGHVFULEHGK\SRQDWUDHPLDZLWK
WKHXVHRIPLUWD]DSLQH,Q&OLQ7UDFHUHSRUWVZHUHIRXQGIRUK\SRQDWUDH
PLD\LHOGLQJDQLQFLGHQFHRISHUSDWLHQWV,QDPDMRULW\RIWKH
UHSRUWVJHQGHUZDVIHPDOHDQGDJHDERYH\HDUV)RUPRVWRI
WKHUHSRUWHGFDVHVQRGH¿QLWHDVVRFLDWLRQFRXOGEHPDGHIRUK\SRQDWUDHPLD
DQG WKHXVHRIPLUWD]DSLQHEHFDXVHRI RWKHUVXVSHFWGUXJV  
FRQFRPLWDQW GUXJ XVHZLWK NQRZQ ULVN   XQNQRZQ ULVN  IRU
K\SRQDWUHDPLDRU  LQVXI¿FLHQWGDWD ,V WKHUHDSHUFHQWDJHKHUH"
2QO\ WZR FDVHV GLG QRW H[FOXGHPLUWD]DSLQH DV D SRVVLEOH FDXVH DVZLWK
ZLWKGUDZDORIWKHGUXJWKHSDWLHQWUHFRYHUHG
&RQFOXVLRQV'HYHORSPHQWRIK\SRQDWUDHPLDDVDFRQVHTXHQFHRI WKHXVH
RIPLUWD]DSLQHDSSHDUVWREHDYHU\UDUHHYHQW7KLVPLJKWEHGXHWRWKHIDFW
WKDWPLUWD]DSLQHGRHVQRWLQÀXHQFHVLJQDOLQJRIWKH+7UHFHSWRUVWKHZD\
665,VGR:LWKLQWKHOLPLWDWLRQVRIVSRQWDQHRXVUHSRUWLQJV\VWHPVWKHGDWD
VHHPWRVXSSRUWWKHQRWLRQWKDWK\SRQDWUDHPLDLVPRUHFRPPRQDPRQJHOG
HUO\IHPDOHV)XUWKHUVSHFL¿FVWXGLHVVKRXOGJLYHPRUHLQVLJKWLQWKHSUHFLVH
PHFKDQLVPRIK\SRQDWUDHPLDGHYHORSPHQWZLWKWKHXVHRIDQWLGHSUHVVDQWV
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0RYLJ.//HXINHQV+*/HQGHULQN$:YDQGHQ$NNHU9*HWDO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
$VVRFLDWLRQ EHWZHHQ DQWLGHSUHVVDQW GUXJ XVH DQG K\SRQDWUDHPLD D FDVH
FRQWUROVWXG\%U-&OLQ3KDUPDFRO
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5R[DQDV0* 0LUWD]DSLQHLQGXFHG K\SRQDWUDHPLD0HG -$XVW
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2ODQ]DSLQH8VHGXULQJ3UHJQDQF\$ERXW7ZR+HDOWK\
2XWFRPHV
&DWKHULQH%XKO
&+8%LFrWUH$3+38QLYHUVLWp3DULV;,)UDQFH
(PPDQXHOOH&RUUXEOH(PPDQXHO'XULQJ3DWULFN+DUG\
2ODQ]DSLQH KDV EHHQ SUHVFULEHG IRU PRUH WKDQ  PLOOLRQ SHRSOH LQ 
FRXQWULHVVLQFHLWVDSSURYDOLQDQGDERXWSHUFHQWRIZRPDQZLWK
SV\FKRVLVDUHPRWKHUV2ODQ]DSLQH¶VSUHVFULSWLRQGXULQJSUHJQDQF\LVPXFK
DPDWWHURILQWHUHVW$FWXDOO\IHZUHSRUWVDUHDYDLODEOHFRQFHUQLQJLWVVDIHW\
XVHGXULQJSUHJQDQF\7KHDLPRIWKLVSDSHULVWRDQDO\]HWKHDYDLODEOHOLWHUD
WXUHUHJDUGLQJWKHVDIHW\RIRODQ]DSLQHLQSUHJQDQF\DQGWRUHSRUWWZRFDVHV
RIKHDOWK\RXWFRPHVIRUPRWKHUDQGFKLOG
0HWKRGVUHYLHZRIOLWHUDWXUHDQGFDVHUHSRUWV
5HVXOWV 7HUDWRJHQLF ULVN KDV QRW EHHQ UHSRUWHG VWURQJHU WKDQ LQ JHQHUDO
SRSXODWLRQEXW UHSRUWVDUH IHZDQGFDXWLRQ LV VWLOO UHTXLUHG IRURODQ]DSLQH
XVHGXULQJ¿UVWWULPHVWHURISUHJQDQF\$YDLODEOHGDWDVVXJJHVWWKDWRODQ]D
SLQHFDQEHVDIHO\XVHGXULQJWKHVHFRQGDQGWKLUGWULPHVWHU$QWLSV\FKRWLFV
DUHLQWHUUXSWHGZKHQSRVVLEOHIHZGD\VEHIRUHGHOLYHU\2ODQ]DSLQHVHHPV
VDIHU WKDQ W\SLFDO QHXUROHSWLFV FRQFHUQLQJ SHULQDWDO DGYHUVH HYHQWV LQ
QHZERUQ SUREDEO\ EHFDXVH RI LWVZHDN DQWLFKROLQHUJLF DFWLYLW\ FRPSDUHG
ZLWKW\SLFDOQHXUROHSWLFV2XUUHSRUWVVXJJHVWWKDWLWPD\EHQRWQHFHVVDU\
WR LQWHUUXSW RODQ]DSLQH EHIRUH GHOLYHU\0HWDEROLVP FRPSOLFDWLRQV DUH RI
SDUWLFXODULQFLGHQFHZLWKRODQ]DSLQHXVHDQGUHTXLUHVSHFL¿FPHDVXUHV)HZ
UHSRUWVVXJJHVW WKDWZRPHQWDNLQJDW\SLFDODQWLSV\FKRWLFVPD\QHHG WREH
PRQLWRUHG IRU V\PSWRPV RI K\SHUJO\FHPLD GXULQJ SUHJQDQF\ ,Q RXU WZR
FDVHVZH GLG QRW ¿QG DQ\ FOLQLFDO RU ELRORJLFDO DUJXPHQWV RI JHVWDWLRQDO
GLDEHWLVLQPRWKHUDQGQHZERUQFKLOG
&RQFOXVLRQV2XUGDWDVFRQ¿UPDYDLODEOHOLWHUDWXUHVXJJHVWLQJWKDWRODQ]D
SLQHFDQEHVDIHO\XVHGGXULQJSUHJQDQF\DQGWKURXJKRXWGHOLYHU\)XUWKHU
UHSRUWVDUHQHHGHGWRLQYHVWLJDWHLWVPHWDEROLFWROHUDQFH
5HIHUHQFHV
0FNHQQD./HYLQVRQ$-(LQDUVRQ$'LDY&LWULQ2=LSXUVN\5%.RUHQ
*  3UHJQDQF\ RXWFRPH LQ ZRPHQ UHFHLYLQJ DW\SLFDO DQWLSV\FKRWLF
GUXJV D SURVSHFWLYH PXOWLFHQWUH FRPSDUDWLYH VWXG\ %LUWK 'HIHFWV 5HV
3DUW$&OLQ0RO7HUDWRO0D\
*HQWLOH6&OLQLFDOXWLOL]DWLRQRIDW\SLFDODQWLSV\FKRWLFVLQSUHJQDQF\
DQGODFWDWLRQ$QQ3KDUPDFRWKHU-XO$XJ
0HQGKHNDU '1 :DU / 6KDUPD -% -LORKD 5& 2ODQ]DSLQH DQG
SUHJQDQF\3KDUPDFRSV\FKLDWU\0D\
'LFNVRQ5$'DZVRQ'72ODQ]DSLQHDQGSUHJQDQF\&DQ-3V\FKLD
WU\0DU
32
3RVWHU6HVVLRQ1R
32
&\WRFKURPH3,QGXFHG&DIIHLQH0HWDEROLVP7KH(IIHFW
RI1HXUROHSWLFV
:ODG\VODZD$QQD'DQLHO
3ROLVK$FDGHP\RI6FLHQFHV,QVWLWXWHRI3KDUPDFRORJ\.UDNyZ
3RODQG
0DUWD.RW
2EMHFWLYHV 2XU VWXGLHV ZLWK F'1$H[SUHVVHG UDW &<3V VXJJHVWHG WKDW
&<3$ZDVWKHPDLQHQ]\PHFDWDO\]LQJWKH1DQGK\GUR[\ODWLRQRI
FDIIHLQH&<3$DQG&<3&VLJQL¿FDQWO\FRQWULEXWHGWR1GHPHWK
\ODWLRQZKLOHWKH&<3&VXEIDPLO\PDLQO\&<3&DQG&<3&ZDV
WKH PDLQ HQ]\PH FDWDO\]LQJ 1GHPHWK\ODWLRQ 7KH DLP RI WKH SUHVHQW
VWXG\ZDV WRGHWHUPLQHZKHWKHU WKH VDPHZDV WUXH IRU WKH OLYHU WR
LQYHVWLJDWHWKHHIIHFWRIQHXUROHSWLFVRQFDIIHLQHPHWDEROLVP
0HWKRGV 7KH H[SHULPHQW ZDV FDUULHG RXW RQPDOH:LVWDU UDWV &DIIHLQH
PHWDEROLVPZDVVWXGLHG LQFRQWURO OLYHUPLFURVRPHV LQ WKHDEVHQFHRU
SUHVHQFHRIVSHFL¿FPHWDEROLFLQKLELWRUVLQWKHOLYHUPLFURVRPHVRIUDWV
WUHDWHGZLWKPHWDEROLFLQGXFHUVLQWKHOLYHUPLFURVRPHVRIUDWVWUHDWHGIRU
WZRZHHNVZLWKSKHQRWKLD]LQHVKDORSHULGROULVSHULGRQHRUVHUWLQGROH
5HVXOWV Į1DSKWKRÀDYRQH &<3$ LQKLELWRU LQKLELWHG 1 1 DQG
1GHPHWK\ODWLRQVDQGWKHK\GUR[\ODWLRQRIFDIIHLQHH[HUWLQJWKHZHDN
HVW HIIHFW RQ 1GHPHWK\ODWLRQ 6XOIDSKHQD]ROH &<3& LQKLELWRU DQG
FLPHWLGLQH&<3&DQG&LQKLELWRULQKLELWHG1GHPHWK\ODWLRQWKH
ODWWHU LQKLELWRUEHLQJDOVRDFWLYHDJDLQVW1GHPHWK\ODWLRQ(U\WKURP\FLQ
&<3$LQKLELWRUVKRZHGDZHDNLQKLELWRU\HIIHFWRQ1GHPHWK\ODWLRQ
DQG K\GUR[\ODWLRQ ȕ1DSKWKRÀDYRQH &<3$ LQGXFHU DFFHOHUDWHG DOO
WKH UHDFWLRQV WHVWHG WKH HIIHFW RQ 1GHPHWK\ODWLRQ EHLQJ WKH ZHDNHVW
3UHJQHQRORQHĮFDUERQLWULOH &<3$ LQGXFHU PRGHUDWHO\ LQGXFHG
K\GUR[\ODWLRQ 3KHQREDUELWDO &<3V¶ LQGXFHU DQG &<3& LQKLELWRU
VWLPXODWHGWKHPHWDEROLVPRIFDIIHLQHH[FHSWIRU1GHPHWK\ODWLRQ2IWKH
QHXUROHSWLFVVWXGLHGSHUD]LQHDQGSURPD]LQHDFFHOHUDWHGFDIIHLQHPHWDER
OLVPH[FHSWIRU1GHPHWK\ODWLRQZKLOHULVSHULGRQHPRGHVWO\VWLPXODWHG
WKHODWWHUUHDFWLRQ
&RQFOXVLRQV7KHREWDLQHGUHVXOWVFRQ¿UPWKHLPSRUWDQFHRI&<3$IRU
FDIIHLQHR[LGDWLRQ LQSRVLWLRQV  DQG DVZHOO DV RI&<3& IRU 1
GHPHWK\ODWLRQ DQG 1GHPHWK\ODWLRQ 7KHUHIRUH EHVLGHV &<3$ FDI
IHLQHPD\DOVREHXVHGWRURXJKO\HYDOXDWHWKHDFWLYLW\RI&<3&&KURQLF
WUHDWPHQW ZLWK VRPH QHXUROHSWLFVPD\ DFFHOHUDWH FDIIHLQHPHWDEROLVP E\
LQFUHDVLQJ WKHDFWLYLW\RI&<3$SHUD]LQHDQGSURPD]LQHRURWKHU&<3
LVRIRUPVULVSHULGRQ
32
&OR]DSLQH$IIHFWVWKH([SUHVVLRQRI6WUHVV*HQHVLQ3DWLHQWV
.DULQ)HKVHO
+HLQULFK+HLQH8QLYHUVLW\'HSDUWPHQWRI3V\FKLDWU\'VVHOGRUI
*HUPDQ\
.ODXV.ULHJHU8ZH+HQQLQJ&KULVWLDQ/XFNKDXV6WHIDQ/RHIÀHU
2EMHFWLYHV$ERXWRISDWLHQWVVWDUWLQJFOR]DSLQHWUHDWPHQWVXIIHUIURP
DJUDQXORF\WRVLV&$ZLWKLQWKH¿UVWZHHNVRIWUHDWPHQW,QWKHVHSDWLHQWV
WKHF\WRWR[LFDFWLRQRIFOR]DSLQHOHDGVWRDSRSWRWLFGHDWKRIQHXWURSKLOV,Q
QRQ&$SDWLHQWVWKHLQLWLDOGHFUHDVHRIQHXWURSKLOVLVFRXQWHUUHJXODWHG
0HWKRGV:HH[DPLQHGOHXNRF\WHVRI&$SDWLHQWVDQGSDWLHQWVXQGHU
ORQJWHUPPHGLFDWLRQQRQ&$SDWLHQWV$SRSWRWLFOHXNRF\WHVZHUHVWDLQHG
ZLWK +RHFKVW  5HG ÀXRUHVFHQFH GXH WR GLK\GURHWKLGLQH FOHDYDJH
UHYHDOHG VXSHUR[LGH DQLRQ SURGXFWLRQ *HQH H[SUHVVLRQ ZDV DQDO\]HG E\
573&5RU:HVWHUQ%ORW3ODVPDOHYHOVRI,/ZHUHGHWHUPLQHGE\WKH(OLVD
WHFKQLTXH&'LPPXQRODEHOHGKHPDWRSRLHWLFVWHPFHOOVZHUHDQDO\]HG
E\)$&6
5HVXOWV %HVLGH DQ HOHYDWHG H[SUHVVLRQ RI WKH SURDSRSWRWLF JHQHV ED[
ELN DQG S ZH IRXQG LQFUHDVHG SURGXFWLRQ RI VXSHUR[LGH DQLRQV LQ WKH
QHXWURSKLOVRIDOOFOR]DSLQHSDWLHQWV,Q&$SDWLHQWVRIWKHQHXWURSKLOV
VKRZHGDSRSWRWLFPRUSKRORJ\YHUVXVLQQRQ&$SDWLHQWVDQGKHDOWK\
FRQWUROV7KLVUHVXOWLQGLFDWHVPHFKDQLVPVLQQRQ&$SDWLHQWVWKDWHIIHFWLYHO\
SURWHFW IURPR[LGDWLYHVWUHVV ,QGHHGZHIRXQGXSUHJXODWHGH[SUHVVLRQRI
WKHKHDWVKRFNSURWHLQKVSDQG142DQHQ]\PHWKDWLVLQYROYHGLQWKH
GHWR[L¿FDWLRQ RI [HQRELRWLFV 2XW RI WKH %FO KRPRORJXHV H[SUHVVHG LQ
PDWXUHFLUFXODWLQJKXPDQQHXWURSKLOVRQO\$ZDVVWURQJO\XSUHJXODWHGLQ
WKH¿UVWZHHNVRIFOR]DSLQHWUHDWPHQW8QFRXSOLQJSURWHLQ8&3H[
SUHVVLRQGLGQRWFKDQJHGXULQJWKLVWLPHLQGLFDWLQJWKDWUDGLFDOSURGXFWLRQ
ZDVLQGHSHQGHQWIURPPLOGPLWRFKRQGULDOXQFRXSOLQJ([SUHVVLRQRIKHPH
R[\JHQDVH+2ZDVGRZQUHJXODWHGLQRIQRQ&$SDWLHQWVWKHUHE\
SUHYHQWLQJORFDODFFXPXODWLRQRIIUHHLURQ%HVLGHWKHLQWUDFHOOXODUHIIHFWV
LQ QHXWURSKLOV FOR]DSLQH VLJQL¿FDQWO\ LQFUHDVHG WKH ,/ SODVPD OHYHO LQ
QRQ&$SDWLHQWVFRPSDUHGWRKHDOWK\FRQWUROV7KLVF\WRNLQHKDVSOHLRWURSLF
IXQFWLRQV,WLQGXFHVWKHH[SUHVVLRQRI6WDWSURWHLQVZKLFKSUHYHQWDSRS
WRVLVLQGXFWLRQHYHQLQSH[SUHVVLQJFHOOVDQGVWLPXODWHVSUROLIHUDWLRQRI
FHOOVLQWKHERQHPDUURZ)ROORZLQJFOR]DSLQHWKHUDS\IRUZHHNVQHX
WURSKLOFRXQWV LQFUHDVHG&RQFRPPLWDQWO\ WKHUHZDVDQIROG LQFUHDVHRI
&'FHOOVLQWKHEORRGDVDOUHDG\UHSRUWHGIRUOLWKLXPWKHUDS\
&RQFOXVLRQV,QQRQ&$SDWLHQWVWKHVXUYLYDORIQHXWURSKLOVLVDFKLHYHGE\
WKH LQGXFWLRQ RI SURWHLQV WKDW SURWHFW IURP R[LGDWLYH VWUHVV$GGLWLRQDOO\
SURGXFWLRQRI,/SUHYHQWVDSRSWRVLVRIQHXWURSKLOVDQGWULJJHUVSUROLIHUD
WLRQRISURJHQLWRUFHOOVLQWKHERQHPDUURZ:HVSHFXODWHWKDWLQKLELWLRQRU
ORVV RI WKHVH SURWHFWLQJ PHFKDQLVPV RU RYHUZKHOPLQJ R[LGDWLYH VWUHVV
FDXVHV &$ $OWHUQDWLYHO\ CLQ YLYR SUHFRQGLWLRQLQJC E\ SKDUPDFRORJLFDO
DJHQWVLQGXFHVDVWUHVVSURWHLQUHVSRQVHWKDWPLJKWSURWHFWIURPFOR]DSLQH
F\WRWR[LFLW\DQG&$
5HIHUHQFHV
039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
3HVSHQL0+RGQHWW03LWWHW-),QYLYRVWUHVVSUHFRQGLWLRQLQJ0HWKRGV

32
(OHYDWHG/HYHOVRI3HULSKHUDO&'&HOOV8QGHU1HXUROHSWLF
7KHUDS\
.DULQ)HKVHO
+HLQULFK+HLQH8QLYHUVLW\'HSDUWPHQWRI3V\FKLDWU\'VVHOGRUI
*HUPDQ\
6WHIDQ/RHIÀHU$QVJDU.OLPNH
2EMHFWLYHV 6RFDOOHG DW\SLFV DV ZHOO DV WKH OLWKLXP FDWLRQ UHSUHVHQW WKH
VWDWH RI WKH DUW LQ WUHDWLQJ GLIIHUHQW NLQGV RI SV\FKRWLF GLVRUGHUV %HVLGH
WKHLU QHXURQDO EHQH¿WV PDQ\ KHPDWRORJLFDO VLGH HIIHFWV OLNH QHXWURSHQLD
DQGDJUDQXORF\WRVLVKDYHEHHQGHVFULEHG5HOHDVHRIVWHPFHOOVIURPWKH
ERQHPDUURZLQWRWKHEORRGZDVUHSRUWHGIRUOLWKLXPRQO\
0HWKRGV$IWHU JLYHQ LQIRUPHG FRQVHQW ZH H[DPLQHG OHXNRF\WHV RI 
SDWLHQWV XQGHU GLIIHUHQW DW\SLFDO QHXUROHSV\ LQFOXGLQJ OLWKLXP LRQ DQG
FOR]DSLQH DQG FRPSDUHG WKH UHVXOWV ZLWK WKRVH RI DJH DQG VH[ PDWFKHG
SDWLHQWVWDNLQJRWKHURUQRWUDQTXLOL]HUV$GGLWLRQDOO\ZHVWXGLHGSDWLHQWV
EHIRUHDQGFRQWLQRXVO\GXULQJQHXUROHSWLFWKHUDS\DQGSDWLHQWEHIRUHDQG
GXULQJ ORZ GRVHFKHPRWKHUDS\ ZLWK HWRSRVLGH &' LPPXQRODEHOHG
KHPDWRSRLHWLF VWHPFHOOVZHUH DQDO\]HGE\)$&6 ,Q LVRODWHGQHXWURSKLOV
IURPDOOWKHVHSDWLHQWVZHVWXGLHGPDUNHUVRIR[LGDWLYHVWUHVVDQGDSRSWRVLV
LQGXFWLRQ
5HVXOWV$V DOUHDG\ UHSRUWHG IRU OLWKLXP WKHUDS\  VWUXFWXUDOO\ GLIIHUHQW
DW\SLFV SURYRNHG DQ  VHQVLWLYLW\ OLPLW  IROG FOR]DSLQH LQFUHDVH RI
&'FHOOV LQ WKHEORRGZKLFKRFFXUVVXEFOLQLFDOO\DQGIUHTXHQWO\GRVH
GHSHQGHQWO\7KHPD[LPXPRI&'UHOHDVHZDVUHDFKHGDIWHUGD\VRI
FOR]DSLQHWUHDWPHQWWKHQWKHQXPEHUIHOOWROHYHOVVWLOOVLJQL¿FDQWO\KLJKHU
WKDQFRQWUROYDOXHV7LPHFRXUVH DQG WKHQXPEHURISHULSKHUDO VWHPFHOOV
ZDV FRPSDUDEOH WR WKH GDWD RI WKH HWRSRVLGHWUHDWHG SDWLHQW
)XUWKHUPRUHZH¿QGVXSHUR[LGHDQLRQSURGXFWLRQDQGVLPLODU
H[SUHVVLRQRIVWUHVVPDUNHUVXQGHUFOR]DSLQHWUHDWPHQWDVZHOODVXQGHUORZ
GRVHFKHPRWKHUDS\
&RQFOXVLRQV 0HFKDQLVP DQG ELRORJLFDO FRQVHTXHQFHV RI WKH FRPSDUHG
WR WKDWFDXVHGE\FRORQ\VWLPXODWLQJ IDFWRUVPLOG UHOHDVHRI&'FHOOV
IURPERQHPDUURZWREORRGLVXQFHUWDLQ:HVSHFXODWHWKDWWKHUHOHDVHPD\
FRPSHQVDWHDQHQKDQFHGWXUQRYHURISHULSKHUDOQHXWURSKLOVDQGSUHFXUVRUV
LQGXFHGE\R[LGDWLYHVWUHVVXQGHUSRO\PHGLFDWLRQ7KLVHIIHFWKDVDOUHDG\
EHHQVKRZQIRUORZGRVHFKHPRWKHUDS\0RUHRYHULWLVSRVVLEOHWKDWVWHP
FHOOSURSHUWLHVRIWKHVHFHOOVPD\PHGLDWHWKHUDSHXWLFHIIHFWV
5HIHUHQFHV
6WXEQHU6*URKPDQQ5(QJHO5%DQGHORZ%/XGZLJ:':DJQHU*
0XOOHU2HUOLQJKDXVHQ%0ROOHU+-+LSSLXV+5XWKHU(%ORRGG\VFUDVLDV
LQGXFHG E\ SV\FKRWURSLF GUXJV 3KDUPDFRSV\FKLDWU\  6XSSO 
6
%DOOLQ$/HKPDQ'6LURWD3/LWYLQMXN80H\WHV',QFUHDVHGQXPEHU
RISHULSKHUDOEORRG&'FHOOVLQOLWKLXPWUHDWHGSDWLHQWV%U-+DHPDWRO

32
3URWHFWLYH5ROHRI0RFOREHPLGHLQD1HXURWR[LFDQW,QGXFHG
(GHPD0RGHO
3KLOLSSH*LUDUG
%LRFRGH[3KDUPDFRORJ\GHSDUWPHQW)UDQFH
<DQQLFN3DQVDUW-HDQ0DULH*LOODUGLQ
2EMHFWLYHV%UDLQHGHPD LVFRQVLGHUHGRQHRI WKHPRVW LPSRUWDQWPHFKD
QLVPV LQ WKH SURGXFWLRQ RI VHFRQGDU\ EUDLQ GDPDJH IROORZLQJ FHUHEUDO
LQMXU\7ULHWK\OWLQ7(7KDVEHHQXVHGDVDQHXURWR[LFDQWLQH[SHULPHQWDO
PRGHOVRIP\HOLQRSDWKLHVDQGFHUHEUDOHGHPD5HLWHU7KHSXUSRVH
RIWKHSUHVHQWVWXG\ZDVWRHYDOXDWHWKHDFWLYLW\RIPRFOREHPLGH0&%LQ
WKLVPRGHOLQRUGHUWRIXUWKHUHVWDEOLVKLWVQHXURSURWHFWLYHSRWHQWLDO%RQQHW

0HWKRGV:LVWDU UDWV  J UHFHLYHG RUDOO\7(7 EURPLGH DW PJ
NJGD\ /LQHH DQG0&% WZLFHGDLO\DWDQGPJNJGD\ IRU
¿YHGD\V2QWKH¿IWKGD\HGHPDIRUPDWLRQZDVPHDVXUHGE\ZDWHUZHLJKW
EUDLQ FKDQJHV DQG VRGLXP FRQWHQWV E\ LRQLF FKURPDWRJUDSK\1HXURORJLF
GH¿FLWZDV VFRUHG IURP QRUPDOEHKDYLRXU WR ORVVRI ULJKWLQJ UHÀH[
XQWLOGHDWK
5HVXOWV 7(7 VLJQL¿FDQWO\ LQFUHDVHG ZDWHU FRQWHQW WR  DQG
IURPYDOXHVRIDQGLQWKHUHVSHFWLYH
FRQWUROJURXSV0&%DWPJNJGD\ZDVDVVRFLDWHGZLWKDVPDOOUHGXFWLRQ
LQ7(7LQGXFHGZDWHUFRQWHQWKRZHYHUDWPJNJGD\
0&%VLJQL¿FDQWO\EORFNHGWKHZDWHUFRQWHQW LQFUHDVH6R
GLXPEUDLQOHYHOZDVVLJQL¿FDQWO\HQKDQFHGE\7(7DWDQG
(TJ YHUVXV  DQG  (TJ LQ WKH UHVSHFWLYH FRQWURO JURXSV
0&%DWDQGPJNJGD\GLPLQLVKHG WKH7(7LQGXFHGHQKDQFHPHQW
ZLWKOHYHOVRIDQG(TJUHVSHFWLYHO\7(7DOVRVLJQL¿FDQWO\
LQFUHDVHGWKHQHXURORJLFDOGH¿FLWVFRUHQHDUWKHPD[LPXPYHUVXVIRU
FRQWURO JURXSV ,Q UDWV VXEMHFWHG WR7(70&% DW  DQG PJNJGD\
VWURQJO\UHGXFHGWKHQHXURORJLFDOGH¿FLWE\DQGUHVSHFWLYHO\
&RQFOXVLRQV ,Q 7(7LQGXFHG FHUHEUDO HGHPD 0&% H[HUWV D SURWHFWLYH
HIIHFWRQWKHGHYHORSPHQWRIDF\WRWR[LFHGHPDFRQ¿UPLQJLWVQHXURSURWHF
WLYH SRWHQWLDO$ UDWLRQDOH FDQ EH SURSRVHG WR DFFRXQW IRU WKLV SURWHFWLYH
HIIHFW RI 0&% LQWR[LFDWLRQ E\ 7(7 LQGXFHV D GHFUHDVH RI PRQRDPLQHV
OHYHOVLQWKH&16%HQWXH)HUUHUVLQFH0&%LVDUHYHUVLEOHLQKLELWRU
RIPRQRDPLQHR[\GDVH$5,0$LWLQFUHDVHVPRQRDPLQHVOHYHOVDQGDFWV
RQPRQRDPLQHUJLFQHXURWUDQVPLVVLRQ0&%FRXOGSURWHFWWKHEUDLQWKURXJK
WKHVHPHFKDQLVPV
5HIHUHQFHV
%HQWXH)HUUHU'(IIHFWRIWULHWK\OWLQFKORULGHRQWKHFHQWUDODPLQHU
JLFQHXURWUDQVPLWWHUVDQGWKHLUPHWDEROLWHVUHODWLRQVKLSZLWKSDWKRSK\VLRO
RJ\RIDJLQJ([S$JLQJ5HV
%RQQHW80RFOREHPLGHUHGXFHVLQWUDFHOOXODUS+DQGQHXURQDODFWLY
LW\ RI&$ QHXURQHV LQ JXLQHDSLJ KLSSRFDPSDO VOLFHVLPSOLFDWLRQ IRU LWV
QHXURSURWHFWLYHSURSHUWLHV1HXURSKDUPDFRORJ\
/LQHH 3  &HUHEUDO HGHPD LQ UDWV LQGXFHG E\ WULHWK\OWLQ 9DOXH DQG
OLPLWDWLRQVDVVWXG\PHWKRGRIFHUHEUDODQWLHGHPDGUXJV$QQ3KDUP)U

5HLWHU/: %HKDYLRUDO WR[LFLW\RI WULDON\OWLQ FRPSRXQGV D UHYLHZ
1HXURWR[LFRORJ\
32
2SWLPL]DWLRQRI7UHDWPHQWZLWK1HXUROHSWLFVLQ&ULVLV8QLW
1DWDOL\D.XNROHQNR
.LHYSV\FKRQHXURORJLFDOKRVSLWDO8NUDLQH
5RPDQ1LNLIRUXN
,QWURGXFWLRQ7RGHFUHDVHWKHQXPEHURIKRVSLWDOL]HGSDWLHQWVWKHWHUPRI
KRVSLWDOWUHDWPHQWDQGFDVHVRI³KRVSLWDOL]DWLRQSKHQRPHQRQ´DFULVHVXQLW
KDVEHHQVHWXSLQ.LHYSV\FKRQHXURORJLFDOKRVSLWDO7KHWHUPRIFULVHV
WUHDWPHQW LV OLPLWHG WRGD\VGXULQJZKLFK WKHSDWLHQWVJHWDQDFWLYH
DQWLSV\FKRWLFWKHUDS\DLPHGDWUDSLGUHGXFWLRQRISV\FKRVLVDQGSUHYHQWLRQ
RIORQJWHUPKRVSLWDOWUHDWPHQW
2EMHFWLYHV 7R VWXG\ WKH FRPSDUDWLYH HI¿FDF\ RI DW\SLFDO DQG FRQYHQ
WLRQDO QHXUROHSWLFV ZKLFK ZLOO HQDEOH WR UHGXFH WKH KRVSLWDOL]DWLRQ WHUP
DQGFRVWV
0HWKRGV &OLQLFRSV\FKRSDWRORJLFDOPHWKRG XVLQJ&*, DQG%3560DOH
DQG IHPDOH VDPSOH JURXSV VXIIHULQJ IURP DFXWH VFK\]RSKUHQLD VFK\]RDI
IHFWLYHSV\FKRVLV DQG VKRUWWHUP WUDQVLW SV\FKRVLVKDYHEHHQ VWXGLHG7KH
SDWLHQWVZHUHWUHDWHGZLWKVWDQGDUGGRVHVRIQHXUROHSWLFVGXULQJGD\V
RIFULVHVWUHDWPHQW
&RQFOXVLRQV 3UHOLPLQDU\ UHVXOWV WHVWLI\ WKDW WKH XVH RI PRGHUQ DW\SLFDO
QHXUROHSWLFVUHVXOWVLQUDSLGUHGXFWLRQRISRVLWLYHV\PSWRPVDQGOHVVHQVWKH
ULVNRIVLGHHIIHFWV7KXVDW\SLFDOQHXUROHSWLFVDUHSUHIHUDEOHLQVKRUWWHUP
FULVHVWUHDWPHQW
5HIHUHQFHV
$UQW-6NDUVIHOGW7'RQRYHODQWLSV\FKRWLFVKDYHVLPLODUSKDUPD
FRORJLFDOFKDUDFWHULVWLFV"$UHYLHZRIHYLGHQFH1HXURSV\FKRSKUPDFRORJ\
YROQR
%RERQ''H%OHHNHU(LQ³1HZVWUDWHJLHVLQWKHWUHDWPHQWRIDJJUHVVLYH
DFXWDO\SV\FKRWLFSDWLHQWV´([SHUWD0HGLFD
039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
32
(IIHFWVRI6LQJOHDQG5HSHDWHG$GPLQLVWUDWLRQRI
0HWKDPSKHWDPLQHRU0RUSKLQHRQ1HXURJO\FDQ&*HQH
([SUHVVLRQLQWKH5DW%UDLQ
7RVKLWDND1DEHVKLPD
'HSWRI1HXURSV\FKRSKDUPDFROWDQG+RVSW3KDUPW1DJR\D8QLYW
*UDGW6FKRI0HG1DJR\D-DSDQ
.D]XKLUR,VKLNDZD$WVXPL1LWWD+LUR\XNL0L]RJXFKL
$NLKLUR0RKUL5LQD0XUDL<RVKLDNL0L\DPRWR<XNLKLUR1RGD
.L\R\XNL.LWDLFKL.L\RIXPL<DPDGD
2EMHFWLYHV7KHUHDUUDQJHPHQWRIQHXUDOQHWZRUNVDVVRFLDWHGZLWKWKHEH
KDYLRXUDOVHQVLWL]DWLRQDQGWROHUDQFHLQGXFHGE\SV\FKRVWLPXODQWVLVSRRUO\
XQGHUVWRRG:HKDYHLQYHVWLJDWHGWKHHIIHFWVRIUHSHDWHGDGPLQLVWUDWLRQRI
PHWKDPSKHWDPLQHFKURQLF0$3ZKLFKLQGXFHVEHKDYLRXUDOVHQVLWL]DWLRQ
RUPRUSKLQHFKURQLF025ZKLFKLQGXFHVWROHUDQFHWRLW¶VDQDQWLQRFLFHS
WLYHHIIHFWRQWKHP51$OHYHOVRIQHXUDOQHWZRUNUHODWHGJHQHVLQWKHUDW
EUDLQ$JHQHRIVSHFLDOLQWHUHVWZDVWKDWIRUQHXURJO\FDQ&1*&DQHXUDO
WLVVXHVSHFL¿FWUDQVPHPEUDQHFKRQGURLWLQVXOIDWHSURWHRJO\FDQ
0HWKRGV0DOH:LVWDUUDWVZHUHXVHGLQWKHVWXG\5HDOWLPH573&57KH
OHYHOVRI1*&P51$LQEUDLQWLVVXHVZHUHGHWHUPLQHGE\UHDOWLPH573&5
XVLQJWKH7DT0DQSUREH,PPXQREORW$QDO\VLV7KHVDPSOHZDVVXEMHFWHGWR
JHOHOHFWURSKRUHVLVDQGWKHQWUDQVIHUUHGWRDPHPEUDQH7KHPHPEUDQHZDV
LQFXEDWHGZLWKWKHDQWL1*&DQWLERG\$IWHUZDVKLQJEORWVZHUHLQFXEDWHG
ZLWKVHFRQGDU\DQWLERG\,Q6LWX+\EULGL]DWLRQIRU1*&P51$S*(0=I
SODVPLGZLWKDVSHFL¿FSDUWRI1*&F'1$ZDVOLQHDUL]HGDQGXVHGDV
DWHPSODWHIRUWKHSURGXFWLRQRIGLJR[LJHQLQODEHOHGDQWLVHQVHF51$
EDVHVRUVHQVHF51$EDVHVZLWK7RU6351$SRO\PHUDVH
5HVXOWV 6LQJOH0$3 DFXWH0$3 DGPLQLVWUDWLRQ VLJQL¿FDQWO\ GHFUHDVHG
1*&P51$OHYHOVLQWKHIURQWDOFRUWH[)&YHQWUDOWHJPHQWDODUHD97$
DQG DP\JGDOD $0< DV FRPSDUHG WR YHKLFOHWUHDWHG JURXSV 5HSHDWHG
0$3 FKURQLF 0$3 DGPLQLVWUDWLRQ VLJQL¿FDQWO\ LQFUHDVHG 1*&P51$
OHYHOVLQWKH)&QXFOHXVDFFXPEHQV1$FVWULDWXP675KLSSRFDPSXV
+,397$DQG$0<DVFRPSDUHGWRDFXWH0$3WUHDWPHQW6LQJOH025
DFXWH025DGPLQLVWUDWLRQVLJQL¿FDQWO\ LQFUHDVHG1*&P51$OHYHOV LQ
WKH1$F675+,397$DQG$0<DVFRPSDUHGWRYHKLFOHWUHDWHGJURXSV
&KURQLF025DGPLQLVWUDWLRQVLJQL¿FDQWO\GHFUHDVHG1*&P51$OHYHOVLQ
WKH1$F67597$DQG$0<DVFRPSDUHGWRDFXWHWUHDWPHQW,QDGGLWLRQ
WKH1*& SURWHLQ OHYHO LQ WKH1$FZDV LQFUHDVHG DIWHU FKURQLF0$3 DQG
DFXWH025WUHDWPHQW'RSDPLQH'$DQGRSLRLGUHFHSWRUDQWDJRQLVWVDW
WHQXDWHGWKHHIIHFWRI0$3DQG025UHVSHFWLYHO\RQ1*&P51$OHYHOV
&RQFOXVLRQV7KHVHQVLWL]DWLRQWR0$3LVDVVRFLDWHGZLWKXSUHJXODWLRQRI
1*&JHQHH[SUHVVLRQZKLOH WKH WROHUDQFH WR WKH025LQGXFHGDQDOJHVLF
HIIHFWLVDVVRFLDWHGZLWKWKHGRZQUHJXODWLRQRI1*&JHQHH[SUHVVLRQ
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7KH(IIHFWRI(VFLWDORSUDP9HUVXV6HUWUDOLQH9HUVXV
'XOR[HWLQHRQ&<3')XQFWLRQ
6KHOGRQ+3UHVNRUQ
8QLYHUVLW\RI.DQVDV6FKRRORI0HGLFLQH86$
%U\DQ%DNHU$OLVD.OLFN'DYLV'DYLG)ORFNKDUW
0RKDPHG5DPDG/DXUD&R\QHU5XR\RQJ<DQJ7DO%XUW
2EMHFWLYHV ,W LV K\SRWKHVL]HG WKDW VHUWUDOLQHZLOO KDYH OHVV LQYLYRHIIHFW
RQWKHIXQFWLRQDODFWLYLW\RIWKHF\WRFKURPH3&<3GUXJPHWDEROL]LQJ
HQ]\PH'WKDQGRHVHLWKHUGXOR[HWLQHRUHVFLWDORSUDP
0HWKRGV6LQJOHGRVHSKDUPDFRNLQHWLFVRIPHWRSURORODPRGHO&<3'
VXEVWUDWHGUXJZDVPHDVXUHG EHIRUH DQG DIWHU  GD\V RI WUHDWPHQWZLWK
GXOR[HWLQH PJGD\ HVFLWDORSUDP PJGD\ RU VHUWUDOLQH PJGD\
LQ \RXQJ KHDOWK\PDOH DQG IHPDOH YROXQWHHUV  LQGLYLGXDOV LQ HDFK
WUHDWPHQW FRQGLWLRQ 7KH PHWRSURORO RXWFRPH PHDVXUHV ZHUH FKDQJH LQ
SHDNSODVPDOHYHOV&PD[DUHDXQGHUWKHSODVPDFRQFHQWUDWLRQWLPHFXUYH
$8&DQGFOHDUDQFH7KHVH UHVXOWVZHUH WHVWHGXVLQJDQDO\VLVRIFRYDUL
DQFHWZRWDLOHGWDNLQJLQWRDFFRXQWWKHIROORZLQJSDWLHQWGDWDDVLQGLFDWHG
KHLJKWZHLJKWDQGERG\PDVVLQGH[
5HVXOWV (VFLWDORSUDP LQ FRPSDULVRQ WR VHUWUDOLQH SURGXFHG D JUHDWHU LQ
FUHDVHLQ&PD[YHUVXVUHVSHFWLYHO\3DQG$8&
YHUVXV UHVSHFWLYHO\3 7KH UHGXFWLRQ LQFOHDUDQFH WUHQGHG LQ
WKHVDPHGLUHFWLRQEXWZDVQRWVWDWLVWLFDOO\VLJQL¿FDQW7KHGXOR[HWLQHVDP
SOHVDUHEHLQJDVVD\HGQRZ+HQFHGXOR[HWLQHUHVXOWVDUHQRWDYDLODEOHQRZ
EXWZLOOEHDWWKHWLPHRIWKHPHHWLQJ
&RQFOXVLRQV8QGHUVWHDG\VWDWHGRVLQJFRQGLWLRQVHVFLWDORSUDPPJGD\
SURGXFHGDJUHDWHU LQYLYR LQKLELWLRQRI&<3' WKDQGLG VHUWUDOLQH
PJGD\7KHUHVXOWVIRUGXOR[HWLQHPJGD\DUHSHQGLQJ
5HIHUHQFHV
3UHVNRUQ6+ 5HSURGXFLELOLW\ RI WKH LQ YLYR HIIHFW RI WKH VHOHFWLYH
VHURWRQLQ UHXSWDNH LQKLELWRUVRQ WKH LQYLYR IXQFWLRQRI F\WRFKURPH3
'$QXSGDWHSDUW,-3V\FKLDWU3UDFW
3UHVNRUQ6+ 5HSURGXFLELOLW\ RI WKH LQ YLYR HIIHFW RI WKH VHOHFWLYH
VHURWRQLQ UHXSWDNH LQKLELWRUVRQ WKH LQYLYR IXQFWLRQRI F\WRFKURPH3
'$QXSGDWHSDUW,,-3V\FKLDWU3UDFW
32
0\HOLQRO\VLV+\SRQDWUHPLDDQG3V\FKRWURSLF0HGLFDWLRQ
6\OYD5DFNRYD
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\+RVSLWDO3LOVHQ&]HFK
5HSXEOLF
/XERV-DQX
2EMHFWLYHV&HQWUDOSRQWLQHP\HOLQRO\VLV&30LVFKDUDFWHULVHGE\GHP\
HOLVDWLRQORFDOLVHGLQWKHFHQWUDOSDUWRIWKHSRQV&30GHYHORSVDIWHUUDSLG
FRUUHFWLRQ RI K\SRQDWUHPLD IDVWHU WKDQ PPROO IRU  KRXUV 6HYHUDO
FRPSOLFDWLRQV KDYH EHHQ GHVFULEHG DV ULVN IDFWRUV RI GHYHORSPHQW RI K\
SRQDWUHPLDDQG&30PDOQXWULWLRQDOFRKROLVPOLYHUDQGNLGQH\GLVHDVHV
FKDQJHV RI DQWLGLXUHWLF KRUPRQH UHOHDVH $'+ 3V\FKRWURSLFPHGLFDWLRQ
LV FRQQHFWHG ZLWK GHYHORSPHQW RI K\SRQDWUHPLD GXH WR V\QGURPH RI LQ
QDSSURSULDWH$'+ VHFUHWLRQ 6,$'+ &OLQLFDO PDQLIHVWDWLRQ RI &30 LV
FKDUDFWHULVHGE\NYDGUXSDUHVLVDQGSVHXGREXOEDUSDUDO\VLV
0HWKRGV:HKDYHH[DPLQHGSDWLHQWVRIWKHPZLWKK\SRQDWUHPLDRI
WKHPZLWKGHYHORSPHQWRI&30DOOXVHGSV\FKRWURSLFPHGLFDWLRQDQWLSV\
FKRWLFVDQGDQWLGHSUHVVDQWV
5HVXOWV$\HDUROGZRPDQZDV DGPLWHGEHFDXVHRI DFXWHSDQFUHDWLWLV
ZLWKKLVWRU\RIDOFRKRODEXVH6KHGHYHORSHGGHOLUDQWVWDWHZLWKVXFFHVLYH
NYDGUXSDUHVLVZLWKH[SUHVVLYHDSKDVLD6KHXVHGWLDSULG&30ZDVGHVFULEHG
DIWHUPDJQHWLFUHVRQDQFHH[DPLQDWLRQ
$ \HDUROG ZRPDQ ZDV DGPLWHG EHFDXVH RI DOFRKRO ZLWKGUDZDO ZLWK
K\SRQDWUHPLD$IWHUFRUUHFWLRQRIK\SRQDWUHPLDVKHGHYHORSHGNYDGUXSDUH
VLV 6KH XVHG KDORSHULGRO &30 ZDV GHVFULEHG DIWHU PDJQHWLF UHVRQDQFH
H[DPLQDWLRQ
$ \HDUROG ZRPDQ ZDV DGPLWHG EHFDXVH RI VHYHUH K\SRQDWUHPLD$OO
VRPDWLFFDXVHVRIK\SRQDWUHPLDZHUHH[FOXGHG VKHXVHGPLUWD]DSLQHDQG
DPLVXOSULGH
&RQFOXVLRQV$OO SDWLHQWV ZHUH WUHDWHG E\ SV\FKRWURSLF PHGLFDWLRQ  RI
WKHPGHYHORSHGK\SRQDWUHPLDDQGKDGSUHVHQFHRIULVNIDFWRUVRI WKHP
GHYHORSHG&30&30LVDVHULRXVFRPSOLFDWLRQZLWKDKLJKPRUWDOLW\:H
KDYHQRWNQRZQDQ\VSHFL¿FWUHDWPHQW\HW,WLVQHFHVVDU\WRDFFHQWWKHLP
SRUWDQFHRISUHYHQFHRIGHYHORSPHQWK\SRQDWUHPLDDQGLWVULJKWWUHDWPHQW 
LWPHDQVVORZFRUUHFWLRQ
5HIHUHQFHV
/DXUHQR5 ,OORZVN\.%0\HOLQRO\VLVDIWHU&RUUHFWLRQRI+\SRQDWUHPLD
$QQDOVRI,QWHUQDO0HGLFLQH
0DGKXVRRGDQDQ 6XEUDPRQLDP +\SRQDWUHPLD DVVRFLDWHG ZLWK SV\FKR
WURSLFGUXJ3V\FKLDWULF$QQDOV
0F6ZDQ./*RQWNRYVN\676SOLQWHU0<$FXWH&KDQJHVLQ0HQWDO6WDWXV
6HFRQGDU\WR6HOHFWLYH6HURWRQLQ5HXSWDNH,QKLELWRU,QGXFHG+\SRQDWUHP
LD5HKDELOLWDWLRQ3V\FKRORJ\
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/RQJ$FWLQJ5LVSHULGRQHLQ3DWLHQWV3UHYLRXVO\7UHDWHGZLWK
&RQYHQWLRQDO$QWLSV\FKRWLFV
$QGUHDV6FKUHLQHU
-DQVVHQ&LODJ*HUPDQ\
'LHWHU1DEHU
2EMHFWLYHV7RHYDOXDWHWKHHI¿FDF\WROHUDELOLW\DQGVDIHW\RIDGLUHFWWUDQVL
WLRQIURPFRQYHQWLRQDODQWLSV\FKRWLFVWRORQJDFWLQJLQMHFWDEOHULVSHULGRQH
/$,55LVSHUGDO&RQVWDZLWKRXWRUDOULVSHULGRQHUXQLQ
0HWKRGV,QDPRQWKSURVSHFWLYHPXOWLFHQWHUSKDVH,,,WULDODGXOWVWDEOH
LQ DQG RXWSDWLHQWV ZLWK VFKL]RSKUHQLD RU VFKL]RDIIHFWLYH GLVRUGHU ZHUH
039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
VZLWFKHG WR/$,5IURPSUHYLRXVFRQYHQWLRQDODQWLSV\FKRWLFVZLWKRXWRUDO
ULVSHULGRQHUXQLQ3DWLHQWVZHUHHYDOXDWHGXVLQJWKH3RVLWLYHDQG1HJDWLYH
6\QGURPH6FDOH3$166DQGWKH&OLQLFDO*OREDO,PSUHVVLRQVFDOH&*,
$GYHUVHHYHQWV$(VZHUHDVVHVVHGDWHDFKYLVLW
5HVXOWV$WRWDORISDWLHQWVZHUHHQUROOHGPDOHPHDQDJH
\HDUVRIWKHSDWLHQWVKDGDGLDJQRVLVRIVFKL]RSKUHQLDDQGKDG
VFKL]RDIIHFWLYHGLVRUGHU3DWLHQWVZHUHVZLWFKHGIURPFRQYHQWLRQDOGHSRWV
RURUDOFRQYHQWLRQDOQHXUROHSWLFVPRVWO\GXHWRQHJDWLYH
V\PSWRPVRUVLGHHIIHFWVRIWKHLUSUHYLRXVPHGLFDWLRQ0HDQ
PRGDO GRVHV RI /$,5 ZHUH PJ  RI SDWLHQWV PJ  DQG
PJ 0HDQ3$166 WRWDO VFRUHGHFUHDVHG VLJQL¿FDQWO\ IURPEDVH
OLQH WR HQGSRLQW  WR  S 3$166 SRVLWLYH 
WR DQGQHJDWLYH  WR VXEVFRUHV DQG&*,DOVR
LPSURYHGVLJQL¿FDQWO\SIRUDOORIWKHSDWLHQWVGLVFRQWLQ
XHG WKH VWXG\ HDUO\ZLWK GXH WR DQ$($GYHUVH HYHQWV ZHUH
V\PSWRPDJJUDYDWLRQSV\FKRVLVLQVRPQLDÀXHOLNH
V\PSWRPVDQGKHDGDFKH([WUDS\UDPLGDOV\PSWRPV(36
ZHUHUHSRUWHGLQIUHTXHQWO\K\SHUNLQHVLDDQGRWKHU(36
&RQFOXVLRQV$GLUHFWVZLWFKIURPRUDODQGGHSRWFRQYHQWLRQDODQWLSV\FKRW
LFV WR ORQJDFWLQJ LQMHFWDEOH ULVSHULGRQHZDV VDIHZHOO WROHUDWHG DQGZDV
DVVRFLDWHGZLWKDVLJQL¿FDQWLPSURYHPHQWLQFOLQLFDOV\PSWRPV
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&RPSOLDQFHDQG3DWLHQW6DWLVIDFWLRQZLWK/RQJ$FWLQJ
5LVSHULGRQH
$QGUHDV6FKUHLQHU
-DQVVHQ&LODJ*HUPDQ\
)UDQN*HUDOG3DMRQN
2EMHFWLYHV 7R HYDOXDWH FRPSOLDQFH KDQGOLQJ WKHUDSHXWLF DOOLDQFH DQG
SDWLHQWVDWLVIDFWLRQLQSDWLHQWVZLWKVFKL]RSKUHQLDIROORZLQJWUDQVLWLRQIURP
D SUHYLRXV DQWLSV\FKRWLF WUHDWPHQW WR ORQJDFWLQJ LQMHFWDEOH ULVSHULGRQH
/$,5
0HWKRGV ,QD ODUJH*HUPDQSURVSHFWLYHPXOWLFHQWHUREVHUYDWLRQDOVWXG\
SK\VLFLDQVDVVHVVHGHI¿FDF\WROHUDELOLW\KDQGOLQJFRPSOLDQFHDQGSDWLHQW
VDWLVIDFWLRQRI/$,5LQRXWSDWLHQWVZLWKVFKL]RSKUHQLDXVLQJDFDWHJRULFDO
TXHVWLRQQDLUH,QDGGLWLRQSDWLHQWDWWLWXGHDQGFRRSHUDWLRQZHUHHYDOXDWHG
9LVLWVZHUHDWEDVHOLQHDQGDIWHUDQGPRQWKV
5HVXOWVSDWLHQWVPDOHPHDQDJH\HDUVZHUHHQUROOHG0RVW
SDWLHQWVKDGSDUDQRLGVFKL]RSKUHQLDUHFHLYHG/$,5GXHWR
ODFNRIFRPSOLDQFHZLWKWKHLUSUHYLRXVPHGLFDWLRQRQO\GLVFRQWLQXHG
WKHVWXG\IRUWKDWUHDVRQ0DQ\SDUDPHWHUVLPSURYHGPDUNHGO\DIWHUWUDQVL
WLRQWR/$,5FRPPXQLFDWLRQRIH[SHFWDWLRQVDQGZLVKHVDWEDVHOLQH
WRDWHQGSRLQWH[SUHVVLRQRIKRSHVDQGFRQFHUQVWR
ZHOOEHLQJWRDQGSRVLWLYHDWWLWXGHWRZDUGVGUXJWUHDWPHQW
WR7UHDWPHQWVDWLVIDFWLRQZDVUDWHGÄYHU\JRRG³RUÄJRRG³
LQIRUHI¿FDF\IRUWROHUDELOLW\IRUKDQGOLQJDQG
IRU FRPSOLDQFH ,Q DGGLWLRQ  RI WKH SDWLHQWV KDG D ÄYHU\ KLJK³ RU
ÄKLJK³WUHDWPHQWVDWLVIDFWLRQ7KHUDWHRIHDUO\GLVFRQWLQXDWLRQVGXHWRODFN
RIHI¿FDF\RUODFNRIWROHUDELOLW\ZDVORZHDFK
&RQFOXVLRQV7UDQVLWLRQWRORQJDFWLQJULVSHULGRQHLQSDWLHQWVZLWKVFKL]R
SKUHQLD ZDV DVVRFLDWHG ZLWK KLJK WUHDWPHQW VDWLVIDFWLRQ E\ WKH SDWLHQWV
3K\VLFLDQVUHSRUWHGSRVLWLYHFKDQJHVLQHI¿FDF\WROHUDELOLW\GUXJKDQGOLQJ
SDWLHQWDWWLWXGHDQGDFWLYHFRRSHUDWLRQ
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,QWUDPXVFXODU=LSUD]LGRQHPJLQWKH&RQWURORI$FXWH
3V\FKRVHV
)UHGG\9DVTXH]
1DWLRQDO,QVWLWXWHRI0HQWDO+HDOWK+'HOJDGR+1RJXFKL
/LPD3HUX
9LOPD9LWH
2EMHFWLYHV 7KH REMHFWLYH RI WKLV VWXG\ LV WKH DVVHVPHQW RI HI¿FDF\ DQG
WROHUDELOLW\RI LQWUDPXVFXODU=LSUD]LGRQH LQRXW±3DWLHQWVSUHVHQWLQJSV\
FKRPRWRUDJLWDWLRQEHFDXVHRIDFXWHSV\FKRVHVDVDQDOWHUQDWLYHRIFODVVLF
QHXUROHSWLFV ZKLFK VLGH HIIHFWV DUH H[FFHVVLYH VHGDWLRQ ([WUDS\UDPLGDO
6\QGURPHVDQGRUWKRVWDWLFK\SRWHQVLRQ
0HWKRGV ,Q WKLV VLQJOH EOLQG DQG SURVSHFWLYH WULDOZLWK WZHOYH KRXUV RI
ODVWLQJ WKH\ZHUHFKRVHQRXWSDWLHQWVRI(PHUJHQF\'HSDUWPHQWDJHG
OWR\HDUVROGZLWKSV\FKRPRWRUDJLWDWLRQDVVRFLDWHGWRVFKL]RSKUHQLD
VFKL]RSKUHQLIRUPGLVRUGHUVRUELSRODUGLVRUGHUVDFFRUGLQJWR'60,9FUL
WHULD $3$ %HKDYLRUDO$FWLYLW\5DWLQJ6FDOH %$56ZDVDSSOLHG
EHIRUH DQG DIWHU WKH DGPLQLVWUDWLRQ RI LQWUDPXVFXODU =LSUD]LGRQH  PJ
([FOXVVLRQFULWHULDZHUHDOFRKRODEXVHRUGHSHQGHQFHRUXVHRI&OR]DSLQH
DWOHDVWSUHYLRXVZHHNV(WKLFDOIRUPVZHUHIROORZHGDQGLQIRUPHGSHUPLV
VLRQZLWKH[SOLFLWULVNVZDVJRWWHQIURPUHODWLYHV
5HVXOWV ,WZDV REVHUYHG DYHUDJH UHGXFWLRQV RI  RUPRUH SRLQWV LQ WRWDO
VFRUHRI%$56LQ WHQSDWLHQWVPRVWRI WKHPLQQH[WPLQXWHV
DIWHU DGPLQLVWUDWLRQRI LQWUDPXVFXODU=LSUD]LGRQH DQGPLQRU UHGXFWLRQ LQ
WKHRWKHUWZRSDWLHQWV7KHWUDQTXLOL]DWLRQZDVUHJLVWHUHGGXULQJKRXUVDV
DYHUDJH0RVWIUHTXHQWVLGHHIIHFWVZHUHVRPQROHQFHGL]]LQHVVKHDGDFKH
EOXUUHGYLVLRQDQGDNDWLVLDLQRQHSDWLHQW1RH[FHVVLYHVHGDWLRQQRUDFXWH
G\VWRQLDQRU3DUNLQVRQLVPQHLWKHURUWKRVWDWLFK\SRWHQVLRQZHUHUHSRUWHG
$ UHGXFWLRQ LQ WRWDO WLPHRI UHVWUDLQW RI SDWLHQWV E\ QXUVHU\ VWDIIZDV RE
VHUYHG
&RQFOXVLRQV ,QWUDPXVFXODU =LSUD]LGRQH  PJ ZDV HIIHFWLYH DQG ZHOO
WROHUDWHGLQSDWLHQWVRIVDPSOHIRU WKHFRQWURORIDFXWHSV\FKRVHVZLWKQR
H[FHVVLYHVHGDWLRQUDUHVLGHHIIHFWVUHODWHGWRPRYHPHQWGLVRUGHUVOLNH([
WUDS\UDPLGDO6\QGURPHVQREHQ]RGLD]HSLQHVZHUHDGGHGDQGUHGXFWLRQLQ
OHQJWKRIUHVWUDLQWRISDWLHQWVE\QXUVHU\SHUVRQQHOZDVQRWHGDVGHVFULEHG
E\VHYHUDODXWKRUV
5HIHUHQFHV
%URRN 6K 6ZLIW 5 +DUULJDQ (3  7KH WROHUDELOLW\ DQG HI¿FF\ RI
,QWUDPXVFXODU=LSUD]LGRQH3V\FKRSKDUPDFRO%XOO
6ZLIW5+HWDO$FRPSDULVRQRILQWUDPXVFXODU,0=LSUD]LGRQHZLWK
,0+DORSHULGRO(XU3V\FKLDWU\VXSSO
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$FXWH+DORSHULGROLQGXFHGFKDQJHVLQ>)@IOXRURGRSD3(7
,QJR9HUQDOHNHQ
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\5:7+8QLYHUVLW\
RI$DFKHQ*HUPDQ\
<RVKLWDND.XPDNXUD3DXO&XPPLQJ3HWHU%DUWHQVWHLQ
*HUKDUG*UXQGHU
2EMHFWLYHV$QDFXWH LQFUHDVHDQG ODWHUGHFOLQHRIGRSDPLQH WXUQRYHUDV
D UHVXOWRIFKDQJHV LQ¿ULQJ UDWHVDUHGLVFXVVHGDVSRVVLEOHPHFKDQLVPRI
DQWLSV\FKRWLFGUXJDFWLRQ,QDQLPDOVWXGLHVDFXWHDQWLSV\FKRWLFWUHDWPHQW
HQKDQFHGVWULDWDO'23$GHFDUER[\ODVH''&DFWLYLW\+RZHYHUWKLVSKH
QRPHQRQKDVQRWEHHQGHPRQVWUDWHGLQYLYRLQKXPDQVE\SRVLWURQHPLVVLRQ
WRPRJUDSK\3(77KHUHIRUHZHLQYHVWLJDWHGDFXWHKDORSHULGROHIIHFWVRQ
''&DFWLYLW\LQKHDOWK\VXEMHFWVXVLQJ>)@ÀXRURGRSD)'23$3(7
0HWKRGV1LQHKHDOWK\YROXQWHHUVZHUHVFDQQHGZLWK)'23$LQGUXJIUHH
EDVHOLQHFRQGLWLRQVDQGDIWHUWKUHHGD\VRIKDORSHULGROWUHDWPHQWPJGD\
$FRQWLQXRXVSHUIRUPDQFHWHVW&37ZDVDGPLQLVWHUHGLQERWKFRQGLWLRQV
7KH QHW EORRGEUDLQ FOHDUDQFH RI )'23$ .LQDSS LQ VWULDWXP PHVHQ
FHSKDORQDQGPHGLDOSUHIURQWDOFRUWH[ZDVFDOFXODWHGE\YROXPHRILQWHUHVW
DQDO\VLV7KHPDFURSDUDPHWHU.LQDSSLVDFRPSRVLWHRIVHYHUDONLQHWLFWHUPV
GH¿QLQJWKHGLVWULEXWLRQYROXPHRI)'23$LQEUDLQ9H'DQGWKHUHODWLYH
DFWLYLW\ RI '23$ GHFDUER[\ODVH N' 7KHUHIRUH FRPSDUWPHQWDO NLQHWLF
DQDO\VLVZDVXVHGWRLGHQWLI\WKHSK\VLRORJLFDOEDVLVRIWKHREVHUYHGFKDQJHV
LQ.LQDSSSHULRG
5HVXOWV7KHPDJQLWXGHRI.LQDSSZDV VLJQL¿FDQWO\ LQFUHDVHG LQ WKHSXWD
PHQ  DQG PHVHQFHSKDORQ  )XUWKHUPRUH 9H' LQ EUDLQ ZDV
LQFUHDVHGE\,QFUHPHQWVRIN'LQEDVDOJDQJOLDUHDFKHGQRWVWDWLVWLFDO
VLJQL¿FDQFHVHH7DEOH7KHVLJQL¿FDQWZRUVHQLQJRI&37UHVXOWVGLGQRW
FRUUHODWHZLWKFKDQJHVLQ)'23$XWLOL]DWLRQ
&RQFOXVLRQV7KHSUHVHQW3(7GDWDDUHWKH¿UVWUHVXOWVLQGLFDWLQJDSRWHQWLD
WLRQRI)'23$XWLOL]DWLRQLQKXPDQEDVDOJDQJOLDE\DFXWHKDORSHULGROWUHDW
PHQWDSSDUHQWO\GXHWRLQFUHDVHGDYDLODELOLW\WKURXJKRXWEUDLQ7KLVUDLVHV
WKH LPSRUWDQFHRISUHV\QDSWLF DGDSWDWLRQV WR DQWLSV\FKRWLF WUHDWPHQW7KH
GDWDDUHLQOLQHZLWKSUHYLRXV¿QGLQJVRILQFUHDVHGGRSDPLQLFPHWDEROLWHVLQ
&6)DQGVHUXP6WLPXODWLRQRI''&FDQQRWEHH[FOXGHGGXHWRLQVXI¿FLHQW
VWDWLVWLFDOSRZHULQWKHHVWLPDWLRQRIN'FKDQJHV
039#(/0(!2-!#/,/'9¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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1HXURFKHPLFDO&KDUDFWHULVDWLRQRIWKH1RYHO+7
$XWRUHFHSWRU6HURWRQLQ7UDQVSRUWHU$QWDJRQLVW6%%
-HDQQHWWH:DWVRQ
3V\FKLDWU\&HQWUHRI([FHOOHQFHIRU'UXJ'LVFRYHU\*OD[R6PLWK
.OLQH+DUORZ(VVH[8.
/HH$'DZVRQ=Rs$+XJKHV&ODLUH6FRWW.DWKU\Q56WDUU
*DU\:3ULFH0LFKDHO-1HZVRQ7UHYRU6KDUS
2EMHFWLYHV6HURWRQLQVSHFL¿FUHXSWDNHLQKLELWRUV665,VDUHFXUUHQWO\WKH
¿UVW OLQH SKDUPDFRWKHUDSHXWLF IRU WKH WUHDWPHQW RI GHSUHVVLRQ +RZHYHU
665,VFDQWDNHDVORQJDVZHHNVWREHWKHUDSHXWLFDOO\HI¿FDFLRXV7KLVLV
EHOLHYHGWREHGXHWRDQLQGLUHFWDFWLYDWLRQRI+7DXWRUHFHSWRUVZKLFK
YLDQHJDWLYHIHHGEDFNOLPLWWKHDFXWHHIIHFWVRI665,V7KXVVLPXOWDQHRXV
EORFNDGHRIWKH+7DXWRUHFHSWRUVDQGWKHVHURWRQLQWUDQVSRUWHU6(57
VKRXOGUHVXOWLQDFXWHLQFUHDVHVLQ+7DQGKHQFHDPRUHUDSLGWKHUDSHXWLF
HI¿FDF\+HUHZHGHVFULEHWKHLQYLYRFKDUDFWHULVDWLRQRIWKH+7DXWRUH
FHSWRUVHURWRQLQWUDQVSRUWHUDQWDJRQLVW6%%
0HWKRGV([YLYRXSWDNHRI>+@+7LQWRFRUWLFDOV\QDSWRVRPHVSUHSDUHG
IURP UDW RU JXLQHD SLJ EUDLQ ZDV PHDVXUHG DFFRUGLQJ WR WKH PHWKRG RI
7KRPDVHWDO([YLYRGLVSODFHPHQWRI>+@:$<DQG>+@
2+'3$7 UHFHSWRU ELQGLQJ IURP UDW DQG JXLQHD SLJ FRUWLFDO WLVVXH ZDV
SHUIRUPHGDVSHUWKHPHWKRGVRI:DWVRQHWDO,QYLYRHOHFWURSK\VL
RORJLFDOWHFKQLTXHVDVSHUWKHPHWKRGVRI*DUWVLGHHWDOZHUHXVHG
WRPHDVXUH WKHHIIHFWVRI6%%RQPLGEUDLQ UDSKH+7QHXURQDO
FHOO¿ULQJ,QYLYRPLFURGLDO\VLVLQWKHUDWIURQWDOFRUWH[DQGJXLQHDSLJGHQ
WDWHJ\UXVDQGIURQWDOFRUWH[ZHUHSHUIRUPHGDVSHUWKHPHWKRGVRI+XJKHV
DQG'DZVRQ,PSODQWDWLRQFRRUGLQDWHVIRUWKHJXLQHDSLJZHUHPP
$30/'9±IRUWKHIURQWDOFRUWH[DQG$30/'9
±IRUWKHGHQWDWHJ\UXVIURPEUHJPDDQGGXUD5DSLVDUGD	%DFFKHOOL
DQGIRUWKHUDWIURQWDOFRUWH[$30/'9±PPIURP
EUHJPDDQGGXUD3D[LQRV	:DWVRQ
5HVXOWV6%%±PJNJSRSURGXFHGDGRVHUHODWHGLQKLEL
WLRQRI>+@2+'3$7DQG>+@:$<H[YLYRELQGLQJWR+7$
UHFHSWRUVLQUDWDQGJXLQHDSLJFRUWH[ZLWK('VµRIDQGPJNJUH
VSHFWLYHO\6LPLODUO\6%%LQKLELWHGXSWDNHRI>+@+7WKURXJK
WKH VHURWRQLQ WUDQVSRUWHU H[ YLYRZLWK DQ('RI PJNJ SR LQ ERWK
VSHFLHV8VLQJLQYLYRHOHFWURSK\VLRORJ\6%$PJNJLY
SURGXFHGD VPDOO a LQFUHDVH LQPLGEUDLQ UDSKH+7QHXURQDO FHOO
¿ULQJZKHQ DGPLQLVWHUHG DORQH DQG VLJQL¿FDQWO\ DWWHQXDWHG WKH LQKLELWRU\
HIIHFW RI 2+'3$7 8VLQJ LQ YLYR PLFURGLDO\VLV DFXWH DGPLQLVWUDWLRQ
RI6%%PJNJSRSURGXFHGDQDSSUR[IROGLQFUHDVHLQ
H[WUDFHOOXODU+7OHYHOVLQWKHUDWIURQWDOFRUWH[JXLQHDSLJGHQWDWHJ\UXV
DQG IURQWDO FRUWH[ ,Q FRQWUDVW DFXWH SDUR[HWLQH DGPLQLVWUDWLRQ SURGXFHG
QRFKDQJHLQH[WUDFHOOXODU+7LQHLWKHUVSHFLHV:KLOVWGD\VFKURQLF
DGPLQLVWUDWLRQ SDUR[HWLQH  PJNJ SR RG LQGXFHG DQ DSSUR[  IROG
LQFUHDVHLQUDWFRUWLFDO+7OHYHOV
&RQFOXVLRQV 6%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0HWKRGV 5DGLROLJDQG ELQGLQJ VWXGLHV DJDLQVW KXPDQ UHFRPELQDQW 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UHVSHFWLYHO\5DGLROLJDQGELQGLQJVWXGLHV
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7KHIXQFWLRQDODFWLYLW\RI6%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%WRIXQFWLRQ
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GRUVDOUDSKHQXFOHXV6%%DWWHQXDWHG2+'3$7LQGXFHGLQKLEL
WLRQRIFHOO¿ULQJZLWKDS$ 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3DUR[HWLQHZLWK5LVSHULGRQH,PSURYHG6RFLDO3KRELDZLWK
2&'6\PSWRPV
.HQ<DPDXFKL
8QLYHUVLW\RI7RNXVKLPD6FKRRORI0HGLFLQH-DSDQ
.RXVKL2KWD7DNDKLGH7DQLJXFKL7HWVXUR2KPRUL
6RFLDOSKRELD LVFKDUDFWHUL]HGE\PDUNHGDQGSHUVLVWHQWDQ[LHW\ LQRQHRU
PRUHVRFLDORUSHUIRUPDQFHVLWXDWLRQVLQZKLFKWKHSDWLHQWVDUHH[SRVHGWR
XQIDPLOLDUSHRSOHRUWRSRVVLEOHVFUXWLQ\E\RWKHUV:HUHSRUWDFDVHLQZKLFK
WKHV\PSWRPVRIVRFLDOSKRELDZLWKWUDQVLHQWREVHVVLYHFRPSXOVLYH2&'
V\PSWRPVKDYLQJSUHYLRXVO\VKRZQQRLPSURYHPHQWZLWKHLWKHU665,VRU
DQWLSV\FKRWLFVVKRZHGVLJQL¿FDQWLPSURYHPHQWWKURXJKWKHDGPLQLVWUDWLRQ
RISDUR[HWLQHLQFRPELQDWLRQZLWKULVSHULGRQH$WWKHDJHRIWKHSDWLHQW
EHFDPHDIUDLGRIVSHDNLQJ LQSXEOLFRUFRQYHUVLQJZLWKXQIDPLOLDUSHRSOH
EHFDXVHRI IHDURIDFWLQJ LQDQHPEDUUDVVLQJZD\+LV IHDUZDV UHODWHG WR
KLV SHUVLVWHQW EHOLHI WKDW KH FRXOG XQGHUVWDQG QRWKLQJ DERXW VXUURXQGLQJ
ZRUOGDOWKRXJKKHVKRZHGWKHQRUPDOFRJQLWLYHIXQFWLRQ+HDYRLGHGVRFLDO
VLWXDWLRQV EHFDXVH KH DOZD\V H[SHULHQFHG V\PSWRPV RI DQ[LHW\ DOWKRXJK
KHGLGQ¶WIHHODQ[LHW\ZKHQVSHDNLQJZLWKKLVIDPLO\$W WKHDJHRI LQ
DGGLWLRQWRWKHVHV\PSWRPVKHKDG2&'V\PSWRPVVXFKDVZDVKLQJKDQGV
ULWXDOO\DQGFKHFNLQJKLVIDFHLQWKHPLUURU&ORPLSUDPLQH5LVSHULGRQHXS
WRPJLPLSUDPLQHPHWK\OSKHQLGDWHDQGVRPHRWKHUGUXJVZHUHFRQVHFX
WLYHO\SUHVFULEHGEXWWKHSHUVLVWHQWEHOLHIZDVFRQWLQXHGDOWKRXJKREVHVVLYH
FRPSXOVLYHV\PSWRPVZHUHLPSURYHGZLWKFORPLSUDPLQHWUHDWPHQW$WWKH
DJHRIKHZDVUHIHUUHG WRXV3DUR[HWLQHZDVSUHVFULEHGDQGLQFUHDVHG
WRPJEXWZLWKXQVDWLVIDFWRU\ LPSURYHPHQW7ZRPRQWKV ODWHUPJRI
ULVSHULGRQHZDVDGGHGWRSDUR[HWLQH6\PSWRPVRIDQ[LHW\LQVRFLDOVLWXD
WLRQVLPSURYHGUHPDUNDEO\DQGKHEHFDPHDEOHWRWDONWRRWKHUVDOWKRXJKWKH
SHUVLVWHQWEHOLHILWVHOIUHPDLQHGXQFKDQJHG7KHSDWLHQWZDVGLVFKDUJHGDQG
KDGDSDUWWLPHMRE+HKDVUHPDLQHGZHOOIRUPRUHWKDQD\HDU7KHSDWLHQW
IXO¿OOHG WKHRSHUDWLRQDOFULWHULD IRUVRFLDOSKRELDDQG WKRXJKGLVDSSHDUHG
TXLFNO\E\FORPLSUDPLQHWUHDWPHQWREVHVVLYHFRPSXOVLYHGLVRUGHU5HFHQW
VWXGLHVKDYHVKRZQWKDW665,VDUHHIIHFWLYHLQWKHWUHDWPHQWRIVRFLDOSKRELD
,QRXUFDVHKRZHYHUV\PSWRPVRIVRFLDOSKRELDVKRZHGQRLPSURYHPHQW
ZLWKSDUR[HWLQH$GGLWLRQDODGPLQLVWUDWLRQRIPJULVSHULGRQHWRSDUR[HWLQH
ZDVFUXFLDOIRUWKHLPSURYHPHQWRIWKHV\PSWRPV
6WXGLHV KDYH UHSRUWHG WKH HI¿FDF\ RI 665, LQ WKH WUHDWPHQW RI2&' DQG
FRPELQDWLRQ WKHUDS\ XVLQJ 665,V DQG QHXUROHSWLFV LV HIIHFWLYH DJDLQVW
665,VUHVLVWDQW2&'2XU¿QGLQJVVXJJHVWWKDWVLPLODUWR665,VUHVLVWDQW
2&' 665,VUHVLVWDQW VRFLDO SKRELDPD\ UHVSRQG WR FRPELQDWLRQ WKHUDS\
XVLQJ 665,V DQG ULVSHULGRQH DQG OHDG WKH K\SRWKHVLV WKDW GRSDPLQHUJLF
PHFKDQLVP DV ZHOO DV VHURWRQHUJLF PHFKDQLVP PLJKW EH LPSOLFDWHG QRW
RQO\ LQ2&'EXW DOVR LQ VRPH IRUPVRI VRFLDO SKRELD2XU FDVH VXJJHVWV
WKDWDGGLWLRQRIDVPDOOGRVHRIULVSHULGRQHPD\EHXVHIXOIRUVRFLDOSKRELD
XQUHVSRQVLYHWR665,V
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$PHULFDQ 3V\FKLDWULF $VVRFLDWLRQ 'LDJQRVWLF DQG 6WDWLVWLFDO 0DQXDO RI
0HQWDO 'LVRUGHUV WK HG$PHULFDQ 3V\FKLDWULF$VVRFLDWLRQ:DVKLQJWRQ
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
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(IILFDF\DQG7ROHUDELOLW\RI0HPDQWLQHLQD1DWXUDOLVWLF$'
3RSXODWLRQ
3DVTXDOH&DODEUHVH
1HXURORJLFDO8QLYHUVLW\&OLQLF%RFKXP*HUPDQ\
8WH(VVQHU+DQV)|UVWO
,QWURGXFWLRQ0HPDQWLQHUHSUHVHQWVDQHZWUHDWPHQWRSWLRQIRU$O]KHLPHUV
GLVHDVH $' DQG LV WKH RQO\ WUHDWPHQW DSSURYHG IRU VHYHUH$'&OLQLFDO
VWXGLHVKDYHGRFXPHQWHGWKDWPHPDQWLQHLVHI¿FDFLRXVDQGZHOOWROHUDWHGLQ
WKHWUHDWPHQWRIPLOGWRVHYHUH$'7KLVUHSRUWGLVFXVVHVWKH¿QGLQJVIURP
DQREVHUYDWLRQDOVWXG\LQ*HUPDQ\HYDOXDWLQJWKHHI¿FDF\DQGWROHUDELOLW\RI
PHPDQWLQHLQURXWLQHFOLQLFDOSUDFWLFH
0HWKRGV3DWLHQWVZLWK$'ZHUHH[DPLQHGLQDQRSHQODEHOPXOWLFHQWUH
SRVWPDUNHWLQJVXUYHLOODQFHVWXG\7KHSDWLHQWVZHUH WUHDWHGZLWKPHPDQ
WLQH PJGD\ IRU  PRQWKV 0HPDQWLQH¶V HI¿FDF\ ZDV EDVHG RQ 0LQL
0HQWDO6WDWH([DPLQDWLRQ006(1XUVHV¶2EVHUYDWLRQ6FDOHIRU*HULDW
ULF3DWLHQWV126*(5DQG([SORUDWLRQV0RGXO'HPHQ](0'VFDOHVDV
ZHOODVRQDJOREDODVVHVVPHQWE\DFOLQLFLDQ
5HVXOWV7KHQXPEHURISDWLHQWVLQFOXGHGLQWKHVWXG\ZDV7KHPHDQ
GXUDWLRQRI LOOQHVVZDV\HDUVRISDWLHQWVKDGPLOG$'KDG
PRGHUDWHDQGKDGVHYHUHLOOQHVV7KH006(LPSURYHGE\DPHDQRI
SRLQWVDIWHUVL[PRQWKVRIWUHDWPHQWZLWKPHPDQWLQH$SSUR[LPDWHO\
RIWKHSDWLHQWVZHUHMXGJHGDVVWDELOLVHGRULPSURYHGE\DFOLQLFLDQ7KH
WROHUDELOLW\IRUPHPDQWLQHZDVIRXQGWREH³YHU\JRRG´RU³JRRG´LQRI
SDWLHQWVZLWKDQDGYHUVHHYHQWUDWHEHORZ
&RQFOXVLRQV7KHVH UHVXOWV FRQ¿UP WKH VLJQL¿FDQW HI¿FDF\ DQG WROHUDELO
LW\RIPHPDQWLQHGHPRQVWUDWHG LQFOLQLFDO$'VWXGLHV ,QURXWLQHSUDFWLFH
PHPDQWLQHLPSURYHGFRJQLWLRQDQGJOREDOSHUIRUPDQFHLUUHVSHFWLYHRIWKH
VHYHULW\RIGLVHDVH$OVRPHPDQWLQHKDGDQH[FHOOHQWWROHUDELOLW\SUR¿OHLQ
WKLVQDWXUDOLVWLF$'SDWLHQWSRSXODWLRQ
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(IIHFWVRI&RQFRPLWDQW0HGLFDWLRQRQ3ODVPD$ȕ/HYHOV
LQ1RQ'HPHQWHG3HUVRQVDW$JH±'DWDIURPWKH9,7$
VWXG\
3HWHU)LVFKHU
'HSDUWPHQWRI*HQHUDO3V\FKLDWU\0HGLFDO8QLYHUVLW\RI9LHQQD
	/XGZLJ%ROW]PDQQ6RFLHW\/%ROW]PDQQ,QVWLWXWHRI$JLQJ
5HVHDUFK9LHQQD$XVWULD
,PULFK%ODVNR*HRUJ.HPPOHU
2EMHFWLYHV3ODVPDDP\ORLGEHWD$ȕ OHYHOV LQFUHDVHZLWKDJHDQGDUH
HOHYDWHG LQ VRPH SDWLHQWV GXULQJ WKH HDUO\ VWDJHV RI$O]KHLPHU¶V GLVHDVH
$'$OWKRXJK SODVPD$ȕ LV QRW XVHIXO IRU GLDJQRVLV RI$' LWPLJKW
EHDELRORJLFDOULVNIDFWRU,QWKHHOGHUO\SRSXODWLRQDFRQVLGHUDEOHYDULHW\
RI FRQFRPLWDQWPHGLFDWLRQ LV XVHG IRU WKH WUHDWPHQW RI YDULRXV GLVRUGHUV
+RZWKLVFRPHGLFDWLRQPLJKWLQÀXHQFH$ȕOHYHOVZDVLQYHVWLJDWHGLQWKH
9LHQQD7UDQVGDQXEH$JLQJVWXG\9,7$
0HWKRGV:H PHDVXUHG FURVVVHFWLRQDOO\$ȕ SODVPD OHYHOV GXULQJ WKH
LQLWLDOH[DPLQDWLRQRILQGLYLGXDOVDJHG\HDUVZKRSUHVHQWHGZLWKRXW
GHPHQWLD 7KH PHGLFDWLRQ FRQVLGHUHG LQFOXGHG WUHDWPHQW ZLWK FDOFLXP
FKDQQHO EORFNHUV GLJLWDOLV DQWLFRDJXODQWV DQWLKLVWDPLQHV HUJRWDPLQH
KLVWDPLQH + UHFHSWRU DQWDJRQLVWV EURQFKRGLODWRUV SHQWR[\¿OOLQH QHX
UROHSWLFV LQVXOLQ RUDO DQWLGLDEHWLFV /GRSD EHQ]RGLD]HSLQHV RHVWURJHQ
*LQJNRELOREDYLWDPLQVSLUDFHWDPQRQVWHURLGDODQWLLQÀDPPDWRU\GUXJV
16$,'VDQGVWDWLQV
5HVXOWV2IWKHVWXG\SRSXODWLRQDJHG\HDUVZHUHXVHUVRIVRPHRI
WKHDERYHPHQWLRQHGPHGLFDWLRQ'HSHQGLQJRQWKHLUPHGLDOWHPSRUDOOREH
DWURSK\ 07$ XVHUV RI LQVXOLQ VKRZHG VLJQL¿FDQWO\ LQFUHDVHG OHYHOV RI
$ȕZKLOH ORQJWHUPXVHUVRIJLQJNRELOREDKDGVLJQL¿FDQWO\GHFUHDVHG
$ȕSODVPDOHYHOV8VHUVRI16$,'VVKRZHGDQRQVLJQL¿FDQWWUHQGWRUH
GXFHG$ȕSODVPDOHYHOVZKLOHXVHUVRIELJXDQLGHVVKRZHGDQLQFUHDVHLQ
$ȕSODVPDOHYHOV,QWKHPXOWLSOHUHJUHVVLRQDQDO\VLVFRQVLGHULQJSRVVLEOH
LQWHUDFWLRQVEHWZHHQYDULRXVPHGLFDWLRQVVWDWLQXVHUVVKRZHGDVLJQL¿FDQWGH
FUHDVHRI$ȕDQGLQVXOLQXVHUVKDGDJDLQVLJQL¿FDQWO\KLJKHUOHYHOVRI$ȕ
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
&RQFOXVLRQV &RQVLGHULQJ WKH LQFUHDVH RI $ȕ SODVPD OHYHOV DV D ULVN
IDFWRUIRU$'DQ\FKDQJHVLQGXFHGE\PHGLFDWLRQE\ORQJWHUPXVHLQWKH
SHULSKHUDODQGSRVVLEO\DOVRLQWKHFHQWUDOFRPSDUWPHQWFRXOGEHRIFOLQLFDO
UHOHYDQFH
32
/HYHWLUDFHWDPIRUWKH7UHDWPHQWRI$OFRKRO:LWKGUDZDO
6\QGURPH
0LFKDHO.UHEV
'HSWRI3V\FKLDWU\DQG3V\FKRWKHUDS\±&KDULWp&DPSXV0LWWH
*HUPDQ\
.DUROLQD/HRSROG7KRUVWHQ.LHQDVW&KULVWRSK5LFKWHU
$OH[DQGHU*DEULHO5XWK-HXWQHU'LHWHU.XQ]$QGUHDV+HLQ]
0DUWLQ6FKlIHU
2EMHFWLYHV/HYHWLUDFHWDPLVDQRYHODQWLHSLOHSWLFWKDWLVZHOOWROHUDWHGDQG
HI¿FDFLRXVDQWLHSLOHSWLFGUXJ$('ZLWKRXWDQ\OLYHUWR[LFLW\:KLOHWKHXVH
RIROGHU$('VVXFKDVFDUEDPD]HSLQHRUYDOSURDWHLQSDWLHQWVZLWKFKURQLF
DOFRKROLVPLVOLPLWHGE\WKHLUOLYHUWR[LFLW\DLPRIWKHVWXG\ZDVWRHYDOXDWH
WKHHI¿FDF\RIOHYHWLUDFHWDPLQWKHWUHDWPHQWRI$:6
0HWKRGV,QDQRSHQSURVSHFWLYHVWXG\OHYHWLUDFHWDPZDVDGPLQLVWHUHGWR
RYHUDOOLQSDWLHQWVZLWKDPRGHUDWHWRVHYHUH$:6LQD¿[HGGRVHVFKHPH
EHWZHHQPJDQGPJGDLO\IRUGD\V7KHVHYHULW\RI$:6ZDV
PHDVXUHGE\WKHDOFRKROZLWKGUDZDOVFDOH$:6VFDOH([FOXVLRQFULWHULD
LQFOXGHGDFXWHSK\VLFDOLOOQHVVQHHGLQJLQWHQVLYHFDUHDQGWKHFXUUHQWXVHRU
ZLWKGUDZDOIURPLOOLFLWGUXJV
5HVXOWV $OO SDWLHQWV ¿QLVKHG WUHDWPHQW VXFFHVVIXOO\ /HYHWLUDFHWDP ZDV
DEOH WR UHGXFH$:6VHYHULW\ VLJQL¿FDQWO\:KLOH  SDWLHQWV  FRXOG
EH WUHDWHG ZLWK OHYHWLUDFHWDP DV PRQRWKHUDS\  SDWLHQWV  UHFHLYHG
GLD]HSDPPJGD\RUFORQLGLQHJGD\DGGLWLRQDOO\LQDORZ
GRVHPDQQHU1RVHYHUHFRPSOLFDWLRQVVXFKDVVHL]XUHVRUGHOLULDFRXOGEH
REVHUYHG
&RQFOXVLRQV7KHVH UHVXOWV VXJJHVW WKDW OHYHWLUDFHWDP LV VDIH DQG HI¿FD
FLRXVIRUWKHWUHDWPHQWRIDFXWH$:67KHXVHRIPRGHUQ$('VQRWDIIHFWLQJ
WKH OLYHUVXFKDV OHYHWLUDFHWDPPD\EHDQLPSRUWDQWVWUDWHJ\IRU WKH WUHDW
PHQWRI$:6LQWKHIXWXUH
32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6HUWUDOLQLQWKH7UHDWPHQWRI$SVWLQHQWLDO6\QGURPHZLWK
$OFRKROLFV
9LOPD/D]DURYD
3V\FKLDWULF+RVSLWDO6NRSMH±6NRSMH5HSXEOLFRI0DFHGRQLD
0HUL-DNRYFHYVND.XMXQG]LVND9LROHWD)LORYVND
2EMHFWLYHV7KLVVWXG\LVUHIHUUHGWRRXUH[SHULHQFHVLQWUHDWLQJDSVWLQHQWLDO
GLI¿FXOWLHVZLWKDOFRKROLFVE\WKHUDS\ZLWK6HUWUDOLQ$VHQWUD
0HWKRGV:HKDYHDQDO\VHGDOFRKROLFSDWLHQWVDJHG\HDUVZKR
ZHUHJLYHQ6HUWUDOLQRU'LD]HSDPRYHUDWKUHHPRQWKVSHULRG7KHIROORZLQJ
V\PSWRPVZHUHH[DPLQHGZLWKDOOSDWLHQWVSV\FKLFDSVWLQHQWLDOV\PSWRPV
DQ[LHW\ GHSUHVVLRQ FUDYLQJ IRU DOFRKRO QHXURYHJHWDWLYH DQG SV\FKRVR
PDWLFV\PSWRPV6HUWUDOLQZDVDGPLQLVWUDWHGPJDGDLO\GRVH'LD]HSDP
ZDVDGPLQLVWUDWHGLQWKHGRVHVRIPJGDLO\LQWKHFRXUVHRIWKH¿UVW
GD\V DQG¿QDOO\ DIWHUZHHNV'LD]HSDPZDVDGPLQLVWUDWHGPJGDLO\
'XULQJWKHVHFRQGDQGWKHWKLUGPRQWKRIWUHDWPHQWWKHSDWLHQWVZHUHXVXDOO\
JLYHQPJGDLO\1RQHRIWKHSDWLHQWVQHYHUVKRZHGRWKHUSV\FKRWURSLF
VXEVWDQFHVDQGSUDFWLFDOO\DOOJRWKHSDWRSURWHFWLYHVDQGYLWDPLQV$VDPDW
WHURIIDFWLWZDVIROORZHGZKHWKHUFHUWDLQV\PSWRPVGLVDSSHDUHGRUZHUH
VRRWKHGZKLOH
WUHDWHGE\FHUWDLQPHGLFDPHQWV
5HVXOWV 6WDWLVWLFDO WHVW KDYH VKRZQ VLJQL¿FDQW GLIIHUHQFHV UHJDUGLQJ WKH
LQÀXHQFHRI6HUWUDOLQRQWKHSV\FKLFDSVWLQHQWLDOV\PSWRPVEXWQRGLIIHU
HQFHVZHUHREVHUYHGEHWZHHQ6HUWUDOLQDQG'LD]HSDPZLWKUHVSHFWWRWKHLU
HI¿FLHQF\WRVXSSUHVVFUDYLQJIRUDOFRKRODQGQHXURYHJHWDWLYHSKHQRPHQD
%XWZLWKSDWLHQWVZKRVHFRQWLQXRXVFUDYLQJIRUDOFRKROZDVDFFRPSDQLHG
ZLWKIHDURIUHFLGLYHVDQ[LHW\DQGGHSUHVVLRQ6HUWUDOLQKDVVKRZQDVPRUH
HI¿FLHQW WKDQ 'LD]HSDP ,QYHVWLJDWLRQ RI SV\FKRVRPDWLF GLI¿FXOWLHV KDV
LQGLFDWHGWKDW6HUWUDOLQLVIDVWHUDQGPRUHHI¿FLHQWLQFRSLQJZLWKWKHPWKDQ
'LD]HSDP
&RQFOXVLRQV7KLVLQGLFDWHVWKDWWKHXVDJHRI6HUWUDOLQVKRXOGEHLQFOXGHGLQ
WKHOLVWRIGUXJVXVHGLQWUHDWPHQWRIDSVWLQHQWLDOGLI¿FXOWLHVZLWKDOFRKROLFV
LQRXUFOLQLFDOSUDFWLFH
5HIHUHQFHV
/RNDU-´.OLQLFNDIDUPDNRWHUDSLMD´
3HUU\DQG%HQ¿HOG&16GUXJV
&DGORYVNL*$QWLGHSUHVLYL3URVYHWQRGHOR6NRSMH
32
/RQJWHUP6DIHW\RI5LVSHULGRQHLQ&KLOGUHQ$GROHVFHQWVZLWK
'%'
5RVHOOD0HGRUL
-DQVVHQ&LODJ*HUPDQ\
0DJDOL5H\HV.HLWK.DUFKHU
2EMHFWLYHV7RGHWHUPLQHWKHORQJWHUPVDIHW\DQGWROHUDELOLW\DQGHI¿FDF\
RIULVSHULGRQHLQWUHDWLQJGLVUXSWLYHEHKDYLRUGLVRUGHUV'%'VLQFKLOGUHQ
DQGDGROHVFHQWV
0HWKRGV 7KLV RSHQODEHO \HDU H[WHQVLRQ WULDO IROORZHG SDWLHQWV DJHG
± \HDUV ZLWK'%'ZKR SDUWLFLSDWHG LQ D GRXEOHEOLQG PRQWK UH
ODSVHSUHYHQWLRQWULDORIULVSHULGRQH5HVHDUFKHUVHQUROOHGSDWLHQWV
LQFOXGLQJ WKRVH SUHYLRXVO\ WUHDWHG ZLWK ULVSHULGRQH Q  DQG SODFHER
Q  6DIHW\ DQG WROHUDELOLW\ ZHUH DVVHVVHG XVLQJ UHFRUGV RI DGYHUVH
HYHQWV$(VFOLQLFDOODERUDWRU\WHVWVYLWDOVLJQVZHLJKWKHLJKWDQG7DQ
QHUVWDJH(I¿FDF\ZDVDVVHVVHGXVLQJWKH7KH&RQGXFW'LVRUGHUVXEVFDOH
RIWKH1LVRQJHU&KLOG%HKDYLRU5DWLQJ)RUP1&%5)DQG&OLQLFDO*OREDO
,PSUHVVLRQRI6HYHULW\&*,6
5HVXOWV  SDWLHQWV  FRPSOHWHG WKH H[WHQVLRQ WULDO 7KH PHGLDQ
PRGHGRVHRIULVSHULGRQHZDVPJIRUSDWLHQWVNJDQGPJIRU
SDWLHQWVNJ$WRWDORISDWLHQWVH[SHULHQFHG$(VPRVWRI
ZKLFKZHUHPLOGRUPRGHUDWHLQVHYHULW\7KHPRVWFRPPRQO\UHSRUWHG$(V
ZHUHUKLQLWLVSKDU\QJLWLVXSSHUUHVSLUDWRU\WUDFWLQIHFWLRQ
DQGKHDGDFKH7UHDWPHQWHPHUJHQWHYHQWVRIVRPQROHQFH
ZHUHUHSRUWHGIRURISDWLHQWV([WUDS\UDPLGDOV\PSWRP(36UHODWHG
$(VZHUHUHSRUWHGE\DWRWDORISDWLHQWV7KHUHZHUHQRUHSRUWHG
FDVHVRIWDUGLYHG\VNLQHVLD
3DWLHQWVSUHYLRXVO\WUHDWHGZLWKULVSHULGRQHVKRZHGQRDGGLWLRQDOLQFUHDVH
LQPHDQZHLJKW]VFRUHV>PHDQ6'FKDQJHVGXULQJWUHDWPHQWUDQJHGIURP
±WR@:HLJKW]VFRUHVRISDWLHQWVSUHYLRXVO\WUHDWHG
ZLWKSODFHERLQFUHDVHGGXULQJWKH¿UVWPRQWKVRIWKLVH[WHQVLRQWULDO>PHDQ
6' LQFUHDVHDW0RQWK @ SODWHDXLQJDIWHUZDUGV1RSDWLHQW
GHYHORSHGGLDEHWHVEDVHGRQ$PHULFDQ'LDEHWHV$VVRFLDWLRQ¶VFULWHULD
%RWKSDWLHQWVJURXSVSUHYLRXVO\WUHDWHGZLWKSODFHERRUULVSHULGRQHLPSURYHG
RQWKHFRQGXFWGLVRUGHUVXEVFDOHRIWKH1&%5)GXULQJWKH\HDUULVSHUL
GRQHH[WHQVLRQSHULRGSODFHERULVSHULGRQH>6'@DQGULVSHULGRQH
ULVSHULGRQH>6'@&OLQLFDOLPSURYHPHQWZDVREVHUYHGIRUERWK
SDWLHQWV JURXSV DV DVVHVVHG RQ WKH&*,6 SODFHERULVSHULGRQH  >6'
@DQGULVSHULGRQHULVSHULGRQH>6'@
&RQFOXVLRQV5LVSHULGRQH LV VDIH DQGZHOO WROHUDWHG DQG HI¿FDF\ EHQH¿WV
DUHPDLQWDLQHGLQWKHORQJWHUPWUHDWPHQWRIFKLOGUHQDQGDGROHVFHQWVZLWK
'%'
5HIHUHQFHV
 5H\HV0 %XLWHODDU -$XJXVW\QV , (HUGHNHQV0 5HODSVH SUHYHQWLRQ
RI GLVUXSWLYH EHKDYLRU GLVRUGHUV LQ FKLOGUHQ DQG DGROHVFHQWV D VL[PRQWK
WULDORI ULVSHULGRQHYHUVXVSODFHER3RVWHUSUHVHQWHGDW WKHWK ,$&$3$3
FRQJUHVV$XJ%HUOLQ*HUPDQ\
32
<HDU(IILFD\DQG6DIHW\RI2URV03+LQ$'+'&KLOGUHQ
DQG$GROHVFHQWV
5RVHOOD0HGRUL
-DQVVHQ&LODJ(0($0HGLFDO$IIDLUV%HHUVH%HOJLXP
3HWHU+RDUH+HOPXW5HPVFKPLGW
2EMHFWLYHV 7R HYDOXDWH ORQJWHUP WUHDWPHQW ZLWK 2526 03+ &RQ
FHUWD LQFKLOGUHQDQGDGROHVFHQWVZLWK$'+'ZKRKDGEHHQSUHYLRXVO\
WUHDWHGZLWKLPPHGLDWHUHOHDVH,503+
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
0HWKRGV&KLOGUHQDQGDGROHVFHQWVRI\HDUVZLWK'60,9GLDJQRVLV
RI$'+'UHFHLYLQJ,503+PJIRUDWOHDVWZHHNVZHUHDVVLJQHG
WRRQHRIWKHVHRQFHGDLO\252603+RUPJGRVHVDQGWUHDWHG
RSHQODEHOIRUZHHNVDQGFRXOGHQWHUDPRQWKH[WHQVLRQSKDVH'RVHV
FRXOGEHDGMXVWHGDIWHUVHYHQGD\V'XULQJWKHPRQWKH[WHQVLRQSKDVH
HI¿FDF\DQGVDIHW\RI252603+ZHUHPHDVXUHGHYHU\WZRPRQWKVE\
SDUHQWVFDUHJLYHUVXVLQJD*OREDO$VVHVVPHQWRI6DWLVIDFWLRQE\LQYHVWLJD
WRUVXVLQJD*OREDO$VVHVVPHQWRI$GHTXDF\DGYHUVHHYHQWVTXDOLW\RIVOHHS
DQGDSSHWLWHWLFVGXULQJWKHSDVWZHHNSDUHQWVFDUHJLYHUUDWLQJ
5HVXOWV2IHQUROOHGSDWLHQWVFRPSOHWHGWKHGD\WUHDWPHQWSKDVH
(LJKW\QLQHSDUHQWVFDUHJLYHUVZDQWHGWKHLUFKLOGWRFRQWLQXHZLWK
VWXG\WUHDWPHQWLQWKHPRQWKVH[WHQVLRQSKDVH)LIW\VL[SDWLHQWV
FRPSOHWHG WKH\HDU WULDO3DUHQWFDUHJLYHUJOREDODVVHVVPHQWRI VDWLVIDF
WLRQWKURXJKRXWWKHPRQWKVUDQJHG$FFRUGLQJWR*OREDO$VVHVV
PHQWRI$GHTXDF\IURPWRRILQYHVWLJDWRUVWKURXJKRXWWKHPRQWK
SHULRGUDWHGWKHWUHDWPHQWDVDGHTXDWH6DWLVIDFWLRQDQGDGHTXDF\ZHUHSDU
WLFXODUO\H[SUHVVHGIRUSDWLHQWVLQWKHROGHUDJHJURXSV\HDUVKLJKHU
GRVHJURXSVPJPJDQGZLWKWKHSUHGRPLQDQWO\LQDWWHQWLYH$'+'
VXEW\SH252603+ZDVZHOOWROHUDWHG7UHDWPHQWUHODWHGDGYHUVHHYHQWV
UHSRUWHGLQPRUHWKDQRIVXEMHFWVZHUHKHDGDFKH WLFDEGRPLQDOSDLQ
LPSXOVLYHEHKDYLRXUDQGLQVRPQLD*RRGRUH[FHOOHQWVOHHSLQJKDELWVZHUH
UHSRUWHGIRUVXEMHFWVDWEDVHOLQHDQGVXEMHFWVDWWKH
HQGRI WUHDWPHQW$WEDVHOLQH RI VXEMHFWVZHUH FRQVLGHUHGE\
WKHLU SDUHQWVFDUHJLYHUV WR KDYH D JRRGRU H[FHOOHQW DSSHWLWH DQG WKLVZDV
PDLQWDLQHGWKURXJKRXWWKHVWXG\SHULRG+LVWRU\RIPRWRUWLFVZDVUHSRUWHG
LQ  VXEMHFWV$W HDFK DVVHVVPHQW XS WR  VXEMHFWV UHSRUWHGPRWRU WLFV
PRVWO\ RI PLOG VHYHULW\ 2QH VXEMHFW H[SHULHQFHG YHUEDO WLFV DW EDVHOLQH
DQGXSWRWKUHHVXEMHFWVGXULQJWKHVWXG\1RYHUEDOWLFVZHUHUHSRUWHGDIWHU
PRQWKRIWUHDWPHQW
&RQFOXVLRQV 7KURXJKRXW WKH PRQWK WUHDWPHQW SHULRG WUHDWPHQW ZLWK
252603+ZDVVDWLVIDFWRU\DQGDGHTXDWHIRUWKHVHFKLOGUHQDQGDGROHV
FHQWV%HQH¿WVRIWUHDWPHQWZHUHSDUWLFXODUO\VHHQLQSDWLHQWVWR\HDUV
RIDJHLQLWLDOO\SUHVFULEHGGDLO\GRVHVRIDQGPJDQGZLWKDVXEW\SH
GLDJQRVLVRISUHGRPLQDQWO\LQDWWHQWLYH$'+'
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(IILFDF\RI5/$,3DQ(XURSHDQ5HVXOWVIURP3DWLHQWV
+DQV-UJHQ0|OOHU
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\RI0XQLFK*HUPDQ\
3LHUUH0LFKHO/ORUFD(PLOLR6DFFKHWWL6WHSKHQ0DUWLQ
5RVVHOOD0HGRUL(GXDUG3DUHOODGD
2EMHFWLYHV7RLQYHVWLJDWHWKHPDLQWDLQHGHI¿FDF\DQGVDIHW\RIULVSHULGRQH
ORQJDFWLQJLQMHFWDEOH5/$,LQSDWLHQWVZLWKVFKL]RSKUHQLDRUDQRWKHUSV\
FKRWLFGLVRUGHUWUDQVLWLRQHGGLUHFWO\IURPWKHLUH[LVWLQJPHGLFDWLRQZLWKRXW
DQRUDOULVSHULGRQHUXQLQ
0HWKRGV$GXOW SDWLHQWV FOLQLFDOO\ VWDEOH IRU PRQWK RQ WKHLU SUHYLRXV
DQWLSV\FKRWLFPHGLFDWLRQEXW UHTXLULQJD WUHDWPHQWFKDQJH UHFHLYHG5/$,
PJLQFUHDVHG WRPJRUPJ LIQHFHVVDU\HYHU\GD\V IRU
PRQWKV
5HVXOWV2ISDWLHQWVPHDQDJH\HDUVFRPSOHWHGWKHPRQWK
VWXG\%\'60,9KDGVFKL]RSKUHQLDPDLQO\SDUDQRLGVXEW\SH
KDGVFKL]RDIIHFWLYHGLVRUGHU3UHYLRXVWUHDWPHQWVZHUHDW\SLFDODQWLSV\FKRW
LFVGHSRWDQGRUDOQHXUROHSWLFV1RQFRPSOLDQFHZLWK
SUHYLRXVWKHUDS\LQVXI¿FLHQWHI¿FDF\DQGVLGHHIIHFWV
ZHUH WKH PDLQ UHDVRQV IRU FKDQJLQJ PHGLFDWLRQ 2I WKH  RI SDWLHQWV
SUHYLRXVO\RQPRQRWKHUDS\KDGUHFHLYHGDW\SLFDOGHSRWVDQG
FRQYHQWLRQDORUDOWKHUDS\6LJQL¿FDQWUHGXFWLRQVIURPEDVHOLQHWRHQGSRLQW
ZHUHVHHQLQWKHPHDQWRWDO3$166VFRUH)LJDQGIRUDOOVXEVFDOHVFRUHV
S$W HQGSRLQW RI SDWLHQWV VKRZHG D LPSURYHPHQW LQ
WKH3$166 WRWDO VFRUH&*,6DOVR LPSURYHGVLJQL¿FDQWO\GXULQJ WKH WULDO
S$WHQGSRLQWWKHSURSRUWLRQRISDWLHQWVFRQVLGHUHG³ERUGHUOLQHLOO
QRWLOO´KDGLQFUHDVHGIURPWR6LJQL¿FDQWLPSURYHPHQWVZHUHDOVR
VHHQLQDOOIDFWRUVRIWKH6)KHDOWKUHODWHGTXDOLW\RIOLIHTXHVWLRQQDLUHLQ
PHDQWKH*$)VFRUHDQGLQSDWLHQWVDWLVIDFWLRQZLWKWUHDWPHQWZLWKRI
SDWLHQWVUDWLQJWKHLUVDWLVIDFWLRQ³YHU\JRRG´DWHQGSRLQWFRPSDUHGZLWK
DWEDVHOLQH(656VFRUHVGHPRQVWUDWHDVXVWDLQHGVLJQL¿FDQWLPSURYHPHQWLQ
WKHVHYHULW\RIPRYHPHQWGLVRUGHUVWKURXJKRXWWKHPRQWKVWXG\
&RQFOXVLRQV5/$,ZDVHIIHFWLYHDQGZHOOWROHUDWHGLQDYDULHW\RISDWLHQWV
UHTXLULQJ ORQJWHUPDQWLSV\FKRWLF WKHUDS\$OWKRXJKSDWLHQWVZHUHFRQVLG
HUHG V\PSWRPDWLFDOO\ VWDEOH RQ WKHLU SUHYLRXV DQWLSV\FKRWLF PHGLFDWLRQ
V\PSWRP FRQWURO IXQFWLRQLQJ PRYHPHQW GLVRUGHUV DV ZHOO DV TXDOLW\ RI
OLIH DOO IXUWKHU LPSURYHG VLJQL¿FDQWO\7KHPHGLFDWLRQZDVZHOO DFFHSWHG
DVGHPRQVWUDWHGE\WKHFRPSOHWLRQUDWHDVZHOODVWKHLPSURYHGWUHDW
PHQWVDWLVIDFWLRQVFRUHVDWVWXG\HQG5/$,RIIHUVWKHSRWHQWLDOWRHQKDQFH
WUHDWPHQWTXDOLW\
)LJXUH3$166WRWDOVFRUHPHDQ6'DWHDFKYLVLWDQGDWVWXG\HQGSRLQW

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/RQJ$FWLQJ,QMHFWDEOH5LVSHULGRQHLQ5HFHQWO\'LDJQRVHG
3V\FKRWLF3DWLHQWV
+DQV-UJHQ0|OOHU
8QLYHUVLW\+RVSLWDO0XQLFK*HUPDQ\
$QGUHDV6FKUHLQHU
2EMHFWLYHV7RHYDOXDWHWKHPDLQWDLQHGHI¿FDF\DQGWROHUDELOLW\RIDGLUHFW
WUDQVLWLRQ IURP GLIIHUHQW DQWLSV\FKRWLFV WR ORQJDFWLQJ LQMHFWDEOH /$,
ULVSHULGRQHZLWKRXWRUDOULVSHULGRQHUXQLQLQ*HUPDQSDWLHQWVZLWKUHFHQWO\
GLDJQRVHG±\HDUVVFKL]RSKUHQLDDQGRWKHUSV\FKRWLFGLVRUGHUV
0HWKRGV,QWKLVSURVSHFWLYHPXOWLFHQWHUVWXG\DGXOWSDWLHQWV\HDUVRI
DJH UHTXLULQJ ORQJWHUPDQWLSV\FKRWLF WUHDWPHQWDQG VWDEOHRQ WKHLUSUHYL
RXVDQWLSV\FKRWLFUHJLPHQIRUPRQWKUHFHLYHGULVSHULGRQH/$,PJ
LQFUHDVLQJWRRUPJLIQHFHVVDU\HYHU\WZRZHHNVIRUPRQWKV7KH
SUHYLRXV RUDO DQWLSV\FKRWLFPHGLFDWLRQZDVPDLQWDLQHG IRU ZHHNV DIWHU
HQUROOPHQW DQG WKHQ WDSHUHG RII 5DWLQJ VFDOHV HQFRPSDVVHG WKH 3RVLWLYH
DQG1HJDWLYH6\QGURPH6FDOH3$166&OLQLFDO*OREDO,PSUHVVLRQ&*,
*OREDO$VVHVVPHQWRI)XQFWLRQLQJ*$)4XDOLW\RI/LIH6)DQGWKH
([WUDS\UDPLGDO6\PSWRP5DWLQJ6FDOH(656
5HVXOWV 2I  UHFHQWO\ GLDJQRVHG SDWLHQWV  ZHUH PDOH 0HDQ DJH
ZDV  \HDUV ZLWK WKHPHDQ DJH DW LQLWLDO GLDJQRVLV RI  \HDUV
 RI WKH SDWLHQWV VXIIHUHG IURP VFKL]RSKUHQLD PRVWO\ SDUDQRLG W\SH
IURPVFKL]RDIIHFWLYHGLVRUGHUDQGIURPRWKHUSV\FKRWLFGLVRUGHUV
3UHYLRXVDQWLSV\FKRWLFPHGLFDWLRQVZHUHRUDODW\SLFDODQWLSV\FKRWLFV
FRQYHQWLRQDOGHSRWVDQGRUDOFRQYHQWLRQDOV0DLQUHDVRQVIRU
LQLWLDWLQJ/$,ULVSHULGRQHZHUHSRRUFRPSOLDQFHLQVXI¿FLHQWHI¿FDF\
 DQG VLGH HIIHFWV  RI WKH SUHYLRXV PHGLFDWLRQ 3$166 WRWDO
VFRUHSRVLWLYHDQGQHJDWLYHVXEVFRUHVLPSURYHGVLJQL¿FDQWO\IURPEDVHOLQH
WRHQGSRLQWS&*,DOVRLPSURYHGVLJQL¿FDQWO\$WHQGSRLQW
RISDWLHQWVZHUHµQRWLOO¶¶ERUGHUOLQHLOO¶FRPSDUHGWRDWEDVHOLQH*OR
EDO IXQFWLRQLQJ VRFLDO IXQFWLRQLQJ UROHHPRWLRQDO DQGPHQWDO KHDOWK DOVR
LPSURYHG VLJQL¿FDQWO\ DOO S  SDWLHQWV  GLVFRQWLQXHG WKH
WULDOHDUO\GXHWRDQDGYHUVHHYHQW$(7UHDWPHQWHPHUJHQW$(VZHUH
ZRUVHQLQJRISV\FKRVLVGHSUHVVLRQZHLJKWLQFUHDVH
DQGDQ[LHW\0HGLDQ(656WRWDOVFRUHLPSURYHGVLJQL¿FDQWO\IURP
DWEDVHOLQHWRDWHQGSRLQWS
&RQFOXVLRQV5LVSHULGRQH/$,ZDVDVVRFLDWHGZLWKDPDUNHGLPSURYHPHQW
RISV\FKRWLFV\PSWRPVJOREDOIXQFWLRQLQJDQGTXDOLW\RIOLIHZKLFKLVRI
SDUWLFXODU LPSRUWDQFH IRU UHFHQWO\ GLDJQRVHG SDWLHQWV'LUHFW WUDQVLWLRQ WR
/$,ULVSHULGRQHZDVDOVRZHOOWROHUDWHG
039#(/0(!2-!#/,/'9¬¬/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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$3URVSHFWLYH5DQGRPL]HG'RXEOH%OLQG3ODFHER&RQWUROOHG
3LORW6WXG\RIWKH(IILFDF\RI(LFRVDSHQWDHQRLF$FLG(3$LQ
$XWLVWLF&KLOGUHQ
1LOXIDU0RVVDKHE
'HSDUWPHQWRI*HQHUDO3V\FKLDWU\0HGLFDO8QLYHUVLW\9LHQQD
$XVWULD
*3DXO$PPLQJHU0RQLND6FKO|JHOKRIHU&ODXGLD.OLHU
0LULDP6FKlIHU0DULRQ$LFKEHUJHU.RVWDV3DSDJHRUJLRX
0D[+)ULHGULFK0DUWKD)HXFKW
2EMHFWLYHV 5HFHQW VWXGLHV KDYH VXJJHVWHG UHGXFHG FRQFHQWUDWLRQV RI
RPHJDIDWW\DFLGVLQWKHHU\WKURF\WHPHPEUDQHRIDXWLVWLFFKLOGUHQ$3
PDJQHWLFUHVRQDQFHVSHFWURVFRS\VWXG\KDVSURYLGHGWHQWDWLYHHYLGHQFHRID
UHGXFWLRQRISKRVSKROLSLGV\QWKHVLVDQGDGHJHQHUDWLRQRIQHUYHFHOOPHP
EUDQHVLQDGROHVFHQWVZLWKDXWLVP&OLQLFDOVWXGLHVKDYHVKRZQWKHUDSHXWLF
EHQH¿WVRIRPHJDIDWW\LQSV\FKLDWULFGLVRUGHUVVXFKDVVFKL]RSKUHQLDDQG
ELSRODUGLVRUGHU7KHSXUSRVHRIWKHSUHVHQWSLORWVWXG\ZDVWRH[DPLQHWKH
HIIHFWVRIJ(3$RQEHKDYLRXUDOSUREOHPVLQDXWLVWLFFKLOGUHQ6HFRQGDLP
ZDVWRHYDOXDWHDUDFKLGRQLFDFLGPHGLDWHGFRPSRQHQWVRIOLSLGPHWDEROLVP
XVLQJWKHQLDFLQÀXVKWHVW
0HWKRGV7KHVWXG\VDPSOHZDVFRPSULVHGRIFKLOGUHQDWWHQGLQJDVSH
FLDOL]HGORQJWHUPWKHUDSHXWLFDOLQVWLWXWLRQ'LDJQRVHVRIDXWLVWLFGLVRUGHUV
ZHUH HVWDEOLVKHG E\PHDQV RI WKH$',5 )RU WKH GLPHQVLRQDO DVFHUWDLQ
PHQWRIV\PSWRPVWKH$EHUUDQW%HKDYLRU&KHFNOLVW±$%&ZDVXVHGZKLFK
LQFOXGHVVXEVFDOHVLUULWDELOLW\ZLWKGUDZDOVWHUHRW\SLHVK\SHUDFWLYLW\DQG
LQDSSURSULDWH VSHHFK &KLOGUHQ ZLWK DQ LUULWDELOLW\ VXEVFDOH VFRUH RI !
ZHUH LQFOXGHG LQWR WKH SLORW VWXG\ ,QGHSHQGHQW EHKDYLRXUDO UDWLQJV ZHUH
FRQGXFWHG E\ SDUHQWV DQG SURIHVVLRQDOV DW WKH EDVHOLQH  DQG ZHHNV
,QGLYLGXDOV ZHUH JLYHQ J (3$ SHU GD\ IRU RYHU  ZHHNV LQ DGGLWLRQ WR
VWDQGDUGWKHUDS\7KHLQWHUYHQWLRQVWXG\XVHGDUDQGRPL]HGGRXEOHEOLQG
SODFHERFRQWUROOHGGHVLJQ
5HVXOWVFKLOGUHQPHDQDJH 6' \HDUVPHWLQFOXVLRQFULWHULD
WRSDUWLFLSDWHLQWKHLQWHUYHQWLRQVWXG\,QFRQWUDVWWRWKHSODFHERJURXSWKH
(3$JURXSVKRZHGVWDWLVWLFDOO\ VLJQL¿FDQW LPSURYHPHQWRQ WKH LUULWDELOLW\
VXEVFDOHDIWHUZHHNVRIWUHDWPHQWS &RQWUDU\WRRXUK\SRWKHVLVD
GHFUHDVHLQQLDFLQVNLQÀXVKUHDFWLRQZDVQRWREVHUYHG
&RQFOXVLRQV7KHSUHVHQWSLORWVWXG\VXJJHVWVWKDWJ(3$SHUGD\UHGXFHV
LUULWDELOLW\LQFKLOGUHQZLWKDXWLVWLFGLVRUGHUV&RQWUROOHGVWXGLHVZLWKODUJHU
JURXSVDUHQHFHVVDU\WRFRQ¿UPWKHVHUHVXOWV:HKDYHIDLOHGWR¿QGHYLGHQFH
RIDQDEQRUPDODUDFKLGRQLFDFLGPHGLDWHGSKRVSKROLSLGVLJQDOWUDQVGXFWLRQ
LQWKHVWXG\VDPSOH
5HIHUHQFHV
%HOO -*  5HG EORRG FHOO IDWW\ DFLG FRPSRVLWLRQV LQ D SDWLHQWZLWK
DXWLVWLFVSHFWUXPGLVRUGHUDFKDUDFWHULVWLFDEQRUPDOLW\LQ
QHXURGHYHORSPHQWDO GLVRUGHUV" 3URVWDJODQGLQV /HXNRW (VVHQW )DWW\$FLGV

(PVOH\55DQGRPL]HGSODFHERFRQWUROOHGVWXG\RIHWK\OHLFRVDS
HQWDHQRLFDFLGDVVXSSOHPHQWDOWUHDWPHQWLQ
VFKL]RSKUHQLD$P-3V\FKLDWU\
+RUURELQ')/LSLGPHWDEROLVPKXPDQHYROXWLRQDQGVFKL]RSKUHQLD
3URVWDJODQGLQV/HXNRW(VVHQW)DWW\$FLGV
0LQVKHZ 1- $ SUHOLPLQDU\ 3056 VWXG\ RI DXWLVP HYLGHQFH
IRU XQGHUV\QWKHVLV DQG LQFUHDVHG GHJUDGDWLRQ RI EUDLQ PHPEUDQHV %LRO
3V\FKLDWU\-XQ
5LFKDUGVRQ $-  $ UDQGRPL]HG GRXEOHEOLQG SODFHERFRQWUROOHG
VWXG\RIWKHHIIHFWVRIVXSSOHPHQWDWLRQZLWKKLJKO\XQVDWXUDWHGIDWW\DFLGV
RQ$'+'UHODWHGV\PSWRPVLQFKLOGUHQZLWKVSHFL¿FOHDUQLQJGLI¿FXOWLHV
3URJ1HXURSV\FKRSKDUPDFRO%LRO3V\FKLDWU\
9DQFDVVHO63ODVPDIDWW\DFLGOHYHOVLQDXWLVWLFFKLOGUHQ3URVWDJODQ
GLQV/HXNRW(VVHQW)DWW\$FLGV
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6WUXFWXUDO6XUURJDWH0DUNHUVRI&DUGLRYDVFXODU'LVHDVHLQ
6OHHS$SQHD
0LFKDHO6DOHWX
'HSDUWPHQWRI1HXURORJ\8QLYHUVLW\RI9LHQQD$XVWULD
'RURWKHD1RVLVND*HRUJ.DSIKDPPHU%HUQG6DOHWX
-RVHI=HLWOKRIHU
2EMHFWLYHV/RQJLWXGLQDODQGLQWHUYHQWLRQDOVWXGLHVKDYHSURYLGHGHYLGHQFH
RIDFDXVDOLQWHUDFWLRQEHWZHHQREVWUXFWLYHVOHHSDSQHD26$DQGVHYHUDO
FDUGLRYDVFXODUGLVHDVHFRQGLWLRQV7KHDLPRIWKHVWXG\ZDVWRHOXFLGDWHWKH
UHODWLRQVKLSEHWZHHQWKHVHYHULW\RI26$DQGFDURWLGDWKHURVFOHURVLVXVLQJ
XOWUDVRQRJUDSK\
0HWKRGV$ WRWDO RI  SDWLHQWV  PDOHV  IHPDOHV ZLWK D PHDQ
DJHRI 6' UHIHUUHG WRRXU VOHHS ODERUDWRU\ IRU WKHHYDOXDWLRQRI
VQRULQJ DQG GLVWXUEHG VOHHSZHUH VWXGLHGZLWK SRO\VRPQRJUDSK\&DURWLG
DWKHURVFOHURVLVZDV HYDOXDWHGE\ WKH IROORZLQJ IRXU LQGLFHV SODTXH VFRUH
3OD6 LQWLPDPHGLD WKLFNQHVV ,07 RI FRPPRQ FDURWLG DUWHU\ &&$
,07,07RIEXOEWRLQWHUQDOFDURWLGDUWHU\%XOE,&$,07DQGFRPELQHG
,07PHDVXUHPHQWVIURPDOOVHJPHQWV.QRZQFRQIRXQGLQJULVNIDFWRUVIRU
DWKHURVFOHURVLV DJH VH[ REHVLW\ K\SHUOLSLGHPLD K\SHUWHQVLRQ GLDEHWHV
PHOOLWXV VPRNLQJ DQG GUXJV ZHUH DOVR LQYHVWLJDWHG 6WHSZLVH PXOWLSOH
UHJUHVVLRQDQDO\VLVZDVSHUIRUPHG WR DVVHVV WKH DVVRFLDWLRQEHWZHHQ ,07
LQGLFHVSODTXHVFRUHDQGWKHVHYHULW\RI26$DIWHUDGMXVWLQJIRUFRQIRXQG
LQJIDFWRUV
5HVXOWVSDWLHQWVKDGQRVOHHSDSQHDDSQHDK\SRSQHDLQGH[$+,
PLOG26$$+,±PRGHUDWH26$$+,±DQGVHYHUH
26$ $+,!7KHSURJUHVVLRQRI ,07 WKLFNQHVV VWDUWHG LQPLOG26$
ZKHUHDVSODTXH IRUPDWLRQZDVPDLQO\EH VHHQ LQ VHYHUH26$7KH&&$
,07ZDVPRVWVLJQL¿FDQWO\DVVRFLDWHGZLWKWKH$+,ȕ S EXW
DOVRZLWKEXOE ȕ  S  FRPELQHG ,07 ȕ  S  DQG
SODTXHVFRUHȕ S DIWHUDGMXVWPHQWIRUFRQIRXQGLQJIDFWRUV
7KHGXUDWLRQRIDQR[\JHQVDWXUDWLRQEHORZGXULQJWRWDOVOHHSWLPHDQG
WKHUHVSLUDWRU\UHODWHGDURXVDOLQGH[ZHUHDOVRVLJQL¿FDQWO\DVVRFLDWHGZLWK
WKH,07DQGWKHSODTXHVFRUHEXWQRWWRWKHVDPHH[WHQWDVDQGLQGHSHQGHQWO\
RIWKH$+,
&RQFOXVLRQV26$SOD\V D JUHDWHU UROH LQ HDUO\ WKDQ LQ ODWH VWDJH DWKHUR
VFOHURVLV UHJDUGOHVVRI WKHDVVRFLDWLRQZLWKRWKHUYDVFXODU ULVN IDFWRUVDQG
WKHIUHTXHQF\RIREVWUXFWLYHHYHQWVLVWKHEHVWSDUDPHWHURIDQLQGHSHQGHQW
UHODWLRQRIVOHHSDSQHD
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
$W\SLFDO$QWLSV\FKRWLF$JHQWVLQ$FXWH3V\FKRWLF'LVRUGHU
ZLWK$IIHFWLYH)HDWXUHV

'DQLHO9DVLOH
0LOLWDU\&HQWUDO+RVSLWDO'HSDUWPHQWRI3V\FKLDWU\%XFKDUHVW
5RPDQLD
2FWDYLDQ9DVLOLX0LKDL*KHRUJKH
2EMHFWLYHV$FXWHSV\FKRWLFGLVRUGHUVKDYHDSRO\PRUSKV\PSWRPDWRORJ\
WKDWLQFOXGHVDIIHFWLYHDJJUHVVLYHFRJQLWLYHSRVLWLYHDQGQHJDWLYHFOLQLFDO
PDQLIHVWDWLRQV7KHDIIHFWLYHV\PSWRPV LQSDUWLFXODU WKHGHSUHVVLYHRQHV
ZHUHHVWDEOLVKHGDVWDUJHWIRUWKLVVWXG\EHFDXVHRIWKHLUJUHDWLQÀXHQFHRYHU
WKHHYROXWLRQDQGRXWFRPHRIVFKL]RSKUHQLD9DULRXVDW\SLFDODQWLSV\FKRWLFV
KDYHQRWWKHVDPHHI¿FDF\LQWKLVNLQGRIV\PSWRPVDQGZHKDYHVHOHFWHG
SDWLHQWVWKDWZHUHWUHDWHGZLWKHLWKHUTXHWLDSLQHRODQ]DSLQHULVSHULGRQHRU
DPLVXOSULGH
0HWKRGV 7R DVVHVV WKH SUHVHQFH RI PRRG V\PSWRPV GHSUHVVLYH W\SH
&DOJDU\'HSUHVVLRQ6FDOH IRU 6FKL]RSKUHQLD &'66ZDV XVHG HYHU\ WZR
ZHHNV3$166ZDVDOVRDGPLQLVWHUHGWRWKHVHSDWLHQWVDWWKHVDPHLQWHUYDO
IRUDWKRURXJKO\HYDOXDWLRQRIWKHSV\FKRWLFV\PSWRPVRYHUDOO7KHUHZHUH
LQFOXGHGSDWLHQWVPDOHDQGIHPDOHPHGLXPDJHGLDJQRVHG
ZLWK ¿UVW HSLVRGH RI VFKL]RSKUHQLD HTXDOO\ GLVWULEXWHG LQ  JURXSV HDFK
JURXSUHFHLYLQJDGLIIHUHQWDQWLSV\FKRWLF2ODQ]DSLQHPJGD\4XHWLDSLQH
PJGD\5LVSHULGRQH PJGD\ RU$PLVXOSULGH PJGD\ PHGLXP
GRVDJHV3DWLHQWVZHUHHYDOXDWHGGXULQJDVL[PRQWKVLQWHUYDO
5HVXOWV$V WKH UHVXOWV GHFUHVLQJ LQ&'66DQG3$166VFRUHV UHÀHFWHG
2ODQ]DSLQHZDVPRUHHI¿FDFLRXVLPSURYHPHQWUDWHWKDQ4XHWLDSLQH
5LVSHULGRQHDQG$PLVXOSULGH7KHUHZHUHQRYROXQWDU\
GURSRXWV DQG QR VHYHUH HQRXJK DGYHUVH HYHQWV WR MXVWLI\ WKH WUHDWPHQW
039#(/0(!2-!#/,/'9¬¬/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
VZLWFK:HXVHGEHQ]RGLD]HSLQHVDQWLFKROLQHUJLFVDQGDQWLFRQYXOVDQWVIRU
GLIIHUHQWWUDQVLWRU\DGYHUVHHYHQWV
&RQFOXVLRQV ,QFRQFOXVLRQGHSUHVVLYHV\PSWRPVKDYHDVSHFL¿FUHVSRQ
VLYLW\ SURSK\OH WR DW\SLFDO DQWLSV\FKRWLFV DQG WKH LQLWLDWLRQ RI WKHUDS\ LV
DQ LPSRUWDQW SURJQRVLV IDFWRU UHJDUGLQJ WKH SDWLHQWµV ULVN IRU D JUDGXDOO\
DJJUDYDWLRQ$VWKHDFXWHSV\FKRWLFGLVRUGHULVXVXDOO\REVHUYHGLQDGROHV
FHQFH LW V FUXFLDO WRSUHYHQW WKHGHWHULRUDWLRQRISDWLHQWµV DIIHFWLYH VWDWXV
DQGLPSOLFLWO\WKHULVNRIVXLFLGH
32
(OHFWURFRQYXOVLYH7KHUDS\(&7LQ)RUHQVLF3V\FKLDWU\
)LUVWH[SHULHQFHV
-RDFKLP*:LW]HO
&HQWUDO6WDWH+RVSLWDORI)RUHQVLF3V\FKLDWU\RI6D[RQLD$Q
KDOWLQD8FKWVSULQJH*HUPDQ\
(JEHUW+HOG
2EMHFWLYHV(OHFWURFRQYXOVLYHWKHUDS\LVDZHOONQRZQVWDQGDUGWKHUDS\LQ
SV\FKLDWU\+RZHYHUSDWLHQWVLQIRUHQVLFSV\FKLDWU\DUHZLGHO\GHQLHGWKH
EHQH¿WVRIWKLVKLJKO\HIIHFWLYHWKHUDSHXWLFSURFHGXUHZLWKRXWDQ\DSSDUHQW
UHDVRQ
0HWKRGV3KDUPDFRWKHUDS\UHIUDFWRU\VHYHUHO\DIIHFWHGSDWLHQWVQ ZLWK
SDUDQRLGVFKL]RSKUHQLDQ RUGHOXVLRQDOPHODQFKROLFGLVRUGHUQ ZKR
KDGFRPPLWWHGFULPHVXQGHUDVVXPSWLRQRIJXLOWH[HPSWLRQDQG WKHUHIRUH
ZHUHFRPPLWWHGWRIRUHQVLFSV\FKLDWULFFDUHGXHWR*HUPDQSHQDO ODZ
ZHUHH[DPLQHGWRDVVHVVWKHLUVRPDWLFDQGSV\FKLDWULFVWDWXVSUHYL
RXVWR(&7:HDSSOLHG(&7ZHHNO\LQDVHTXHQFHRIVHVVLRQV3DWLHQWV
ZHUHWUHDWHGZLWKDVWDQGDUGZHOOSURYHQPHWKRG7K\PDWURQ%*[DF
FRUGLQJWRLQWHUQDWLRQDOVWDQGDUGVE\ELODWHUDOVWLPXODWLRQ
5HVXOWV ,Q DEVHQFH RI VLGH HIIHFWV DOO SDWLHQWV WROHUDWHG(&7ZHOO ,Q DOO
FDVHVZHGRFXPHQWHGLQWKHFRXUVHRIWUHDWPHQWDUHYHUWLQJWRDQRUPDOL]HG
VWDEOHVWDWXVRISV\FKRSDWKRORJ\,QWKHFDVHRID\HDUROGZRPDQVXIIHU
LQJIURPDGHOXVLRQDOGHSUHVVLRQZHVDZDUHPDUNDEOHDPHOLRUDWLRQRIWKH
SUHYLRXVO\H[LVWLQJVHYHUHSV\FKRSDWKRORJ\ ,WFRQVLVWHGRIRYHUZKHOPLQJ
GHSUHVVLYHV\PSWRPVLQFRPELQDWLRQZLWKVWDEOHDQGV\VWHPDWL]HGGHOXVLRQV
7KLVZRPDQKDGDWWHPSWHGDQH[WHQGHGVXLFLGHUHVXOWLQJLQGHDWKRIWZRRI
KHUFKLOGUHQ:H¿QDOO\IRXQGDUHYHUWLQJWRDVWDEOHK\SRPDQLFVWDWHDQGD
PRUHEDODQFHGDIIHFWLYHVWDWXV3UHVHQWO\ZHDUHKHDGLQJIRUWKHUHOHDVHRI
WKLVSDWLHQWZKRKDGEHHQWUHDWHGZLWKRXWUHVXOWVLQIRUHQVLFSV\FKLDWU\E\
GLIIHUHQWSV\FKRSKDUPDFRORJLFDOVWUDWHJLHVIRUPRUHWKDQ\HDUV
&RQFOXVLRQV)LUVWH[SHULHQFHVZLWK(&7LQWKHWUHDWPHQWRIIRUHQVLFSV\
FKLDWULFSDWLHQWVUHYHDODQLPSRUWDQWDQGGHFLVLYHSURJQRVWLFLPSURYHPHQW
LQ DOO WUHDWHG SDWLHQWV5HJDUGLQJ DQ H[SOLFLW FRQVHQW RI RXU SDWLHQWV WKDW
ZDV QRWZLWKGUDZQ LQ D VLQJOH FDVH GXULQJ WKHZKROH WUHDWPHQW WLPHZH
ORRNIRUZDUGWRHVWDEOLVK(&7DVDVWDQGDUGWKHUDSHXWLFPHWKRGLQIRUHQVLF
SV\FKLDWU\DQGDGYLVHIXUWKHUVWXGLHVWRH[DPLQHWKHHIIHFWVRIWKLVWKHUDS\
VWUDWHJ\RQSV\FKRSDWKRORJLFDOVWDWXVDVZHOODVSURJQRVWLFLWHPVLQIRUHQ
VLFSV\FKLDWULFSDWLHQWV
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1HXUROHSWLF7UHDWPHQWLQ)RUHQVLF3V\FKLDWU\
-RDFKLP*:LW]HO
&HQWUDO6WDWH+RVSLWDORI)RUHQVLF3V\FKLDWU\RI6D[RQLD$Q
KDOWLQD8FKWVSULQJH*HUPDQ\
=RUDQ'HUPDQRYLF
2EMHFWLYHV3KDUPDFRORJLFDOWUHDWPHQWVKRXOGDVVXUHWKDWWKHUHOHDVHRIIR
UHQVLFSV\FKLDWULFSDWLHQWVZLOOQRWUHVXOWLQDKHLJKWHQHGULVNIRUWKHJHQHUDO
SRSXODWLRQ)RUHQVLFSV\FKLDWULFSDWLHQWVDUHVWLOOZLGHO\GHQLHGWKHEHQH¿WV
RIPRGHUQDQWLSV\FKRWLFWUHDWPHQWDVWKHH[SHULHQFHVRIJHQHUDOSV\FKLDWU\
FDQQRWHDVLO\EHWUDQVIHUUHGWRIRUHQVLFSV\FKLDWU\
0HWKRGV ,Q D UHWURVSHFWLYH VWXG\ ZH DVVHVVHG RI D IRUHQVLFSV\FKLDWULF
SDWLHQWVQ ZKRKDGFRPPLWWHGVHYHUHFULPHVXQGHUWKHDVVXPSWLRQRI
JXLOWH[HPSWLRQDQGWKHUHIRUHZHUHFRPPLWWHGWRIRUHQVLFSV\FKLDWULFFDUH
:HGRFXPHQWHGDJHGXUDWLRQRIWUHDWPHQWGLDJQRVHVQHXUROHSWLFVDQGGRV
DJH$ UHFHSWLRQQ DQG% ORQJWHUPQ WUHDWPHQW
5HVXOWV$JHDYHUDJHZDV$DQG%\HDUV'XUDWLRQRIWUHDW
PHQWDYHUDJH$%PRQWKV'LDJQRVHVLQDFFRUGDQFHZLWK,&'
 $% )  )  )  ) 
6XEVWDQFHDEXVH))7KHSURSRUWLRQRISDWLHQWV
WUHDWHGZLWKQHXUROHSWLFVRQUHFHSWLRQRUORQJWHUPWUHDWPHQWIDFLOLWLHVZDV
DV IROORZV$ % $W\SLFDO QHXUROHSWLFV ZHUH SUHGRPLQDQW LQ
WKH DFXWH WUHDWPHQW RI SDWLHQWV  ORQJWHUP WUHDWPHQW ZDV PRVWO\
SHUIRUPHGE\FRQYHQWLRQDOQHXUROHSWLFV
'HSRW DQWLSV\FKRWLFV ZHUH XVHG LQ$  DQG %  RI WKH WUHDWHG
SDWLHQWV3URSRUWLRQSHUFHQWDJHDQGGDLO\GRVHVH[SUHVVHGLQPJDYHUDJH
>'HSRWQHXUROHSWLFV@$%&OR]DSLQPJ2ODQ]D
SLQPJ4XHWLDSLQPJ5LVSHULGRQ
 PJ >'HSRW PJ@ %HQSHULGRO  PJ 
)OXSHQWL[RO>PJ@PJ>PJ@+DORSHULGRO
PJ>PJ@3HUSKHQD]LQPJ>PJ@
&RQFOXVLRQV 7KH JUHDWHU WKH QXPEHU RI SDWLHQWV UHDFKLQJ WKH VWDWXV RI
EHLQJ UHOHDVHG WKHPRUH OLNHO\ LV WKHLU WUHDWPHQWZLWKFRQYHQWLRQDODQGRU
GHSRW QHXUROHSWLFV ,Q VSLWH RI WKH LPSRUWDQFH RI WKH VHFXULW\ DVSHFWV WKLV
VKRXOGQRWOHDGWRUHGXFHGXVHRIDZLGHYDULHW\RIQHXUROHSWLFV,WUHPDLQV
WREHGHWHUPLQHGLIWKHUHZLOOEHDQLQFUHDVHLQGHOLQTXHQF\UDWHVRIUHOHDVHG
IRUHQVLFSV\FKLDWULFSDWLHQWVE\DGPLQLVWHULQJDW\SLFDOQHXUROHSWLFVZKLFK
PLJKW DFWXDOO\ FRQWULEXWH WR DQ LQFUHDVHG ORQJ ODVWLQJ FRPSOLDQFH DV VLGH
HIIHFWVVKRXOGEHFRPHD³TXDQWLWpQpJOLJHDEOH´
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6RFLDO,VRODWLRQ$OWHUVWKH(IIHFWVRI(WKDQROLQWKH5DW6RFLDO
,QWHUDFWLRQ7HVW
1RSSDPDUV:RQJZLWGHFKD
'HSDUWPHQWRI3KDUPDFRORJ\,QVWLWXWHRI6FLHQFHDQG7HFKQRORJ\
IRU5HVHDUFKDQG'HYHORSPHQW0DKLGRO8QLYHUVLW\7KDLODQG
%HQMD1JDPQDZDNXO+DUXWKDL7KDLGHH6RPSRS6RRDPSRQ
6RFLDOLVRODWLRQUHDULQJIURPZHDQLQJKDVEHHQUHSRUWHGWRFKDQJHWKHEH
KDYLRUVRIWKHDGXOWDQLPDOVDQGPRGLI\WKHUHVSRQVLELOLW\WRPDQ\DGGLFWLYH
GUXJV+RZHYHUWKHUHLVQRUHSRUWFRQFHUQLQJWKHHIIHFWRIVRFLDOLVROD
WLRQRQWKHEHKDYLRUDOHIIHFWRIHWKDQROLQWKHVRFLDOLQWHUDFWLRQWHVW
2EMHFWLYHV7KHDLPRIWKHSUHVHQWH[SHULPHQWVZDVWRLQYHVWLJDWHWKHHIIHFW
VRFLDOLVRODWLRQRQWKHEHKDYLRUDOHIIHFWRIHWKDQROLQWKHUDWVRFLDOLQWHUDF
WLRQWHVW
0HWKRGV0DOH:LVWDUUDWVZHUHUHDUHGIURPZHDQLQJHLWKHUVLQJO\LVROD
WLRQUHDULQJRULQJURXSVRI¿YHVL[UDWVFDJHVRFLDOUHDULQJ)RXUZHHNV
ODWHU WKHVHUDWVZHUHWHVWHGIRUWKHLUVHQVLWLYLW\WRHWKDQROXVLQJWKHVRFLDO
LQWHUDFWLRQWHVW
5HVXOWV ,Q WKH UDW VRFLDO LQWHUDFWLRQ WHVW WKH DFWLYH VRFLDO LQWHUDFWLRQ
EHKDYLRURIWKHVDOLQHWUHDWHGLVRODWLRQUHDUHGUDWVZDVQRWVLJQL¿FDQWO\GLI
IHUHQFHIURPWKHVRFLDOO\UHDUHGFRQWUROV+RZHYHU WKHODWHQFLHVRIDFWLYH
VRFLDOLQWHUDFWLRQRIWKHVDOLQHWUHDWHGLVRODWLRQUHDUHGUDWVZHUHVLJQL¿FDQWO\
ORQJHU WKDQ WKHVRFLDO UHDUHG UDWV 37KH LVRODWLRQ UHDUHG UDWVZHUH
VLJQL¿FDQWO\PRUHDJJUHVVLYHWKDQWKHVRFLDOO\UHDUHGUDWV36\VWHP
LFDGPLQLVWUDWLRQRIHWKDQRODQGPJNJLSWRERWKLVRODWLRQDQG
VRFLDOO\UHDUHGUDWVGLGQRWVLJQL¿FDQWO\DOWHUWKHODWHQFLHVRIDFWLYHVRFLDO
LQWHUDFWLRQLQWKHVRFLDOUHDUHGUDWV3!EXWLWSURGXFHGDGRVHUHODWHG
GHFUHDVHWKHODWHQFLHVRIDFWLYHVRFLDOLQWHUDFWLRQLQWKHLVRODWLRQUHDUHGUDWV
(WKDQRO DQGPJNJ LSVLJQL¿FDQWO\GHFUHDVHG WKHDFWLYHVRFLDO
LQWHUDFWLRQ EHKDYLRU LQ ERWK LVRODWLRQ DQG VRFLDOO\ UHDUHG UDWV FRPSDUHG
ZLWK WKH VDOLQH WUHDWHG FRQWUROV 3 +RZHYHU WKLV HIIHFW ZDV PRUH
SURQRXQFHGLQWKHVRFLDOO\UHDUHGUDWV0RUHRYHUHWKDQROSURGXFHGDGRVH
UHODWHGDQWLDJJUHVVLYHHIIHFWLQVRFLDOO\UHDUHGUDWVDVLQGLFDWHGE\GHFUHDVH
WKHDJJUHVVLYHLQWHUDFWLRQWLPH7KLVHIIHFWRIHWKDQROZDVQRWREVHUYHGLQ
WKHLVRODWLRQUHDUHGUDWV
&RQFOXVLRQV7KHSUHVHQWUHVXOWVLQGLFDWHWKDWVRFLDOLVRODWLRQUHDULQJIURP
ZHDQLQJDOWHUVWKHEHKDYLRURIWKHDGXOWUDWVDQGWKHUHVSRQVLELOLW\WRHWKD
QRODQGGHFUHDVHVWKHDQWLDJJUHVVLYHHIIHFWRIHWKDQRO)XWXUHH[SHULPHQWV
ZLOO QHHG WR LQYHVWLJDWH WKH PHFKDQLVP RI DFWLRQ RI HWKDQRO LQ LVRODWLRQ
UHDUHGUDWV
5HIHUHQFHV
7KDLGHH+DQG:RQJZLWGHFKD1,QWHUQ-1HXURSV\FKRSKDUPD
FRO6XSSO6
:RQJZLWGHFKD 1 6RRDPSRQ 6 DQG<RRSDQ 1  ,QWHUQ -
1HXURSV\FKRSKDUPDFRO6XSSO6
:RQJZLWGHFKD1DQG0DUVGHQ&$%HKDY%UDLQ5HVHDUFK

:RQJZLWGHFKD 1 DQG0DUVGHQ &$  (XU - 3KDUPDFRO 

039#(/0(!2-!#/,/'9¬¬/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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3V\FRORJLFDO6WUHVV(QKDQFHV7KH)RUFHG6ZLPPLQJ%HKDYLRU
,Q%DUDNRO±7UHDWHG5DWV
1RSSDPDUV:RQJZLWGHFKD
'HSDUWPHQWRI3KDUPDFRORJ\,QVWLWXWHRI6FLHQFHDQG7HFKQRORJ\
IRU5HVHDUFKDQG'HYHORSPHQW0DKLGRO8QLYHUVLW\%DQJNRN
7KDLODQG
6RPSRS6RRDPSRQ3DQHH5LWLOHUW9LSD9HUDZDWQDSDNXO
3V\FKRORJLFDO VWUHVV IURP WKH HDUO\ VWDJH RI OLIH VXFK DV VRFLDO LVRODWLRQ
UHDULQJIURPZHDQLQJKDVEHHQVKRZQWRFKDQJHWKHEHKDYLRUVRIWKHDGXOW
DQLPDOVDQGDOWHUWKHUHVSRQVLELOLW\WRPDQ\SV\FKRDFWLYHVXEVWDQFHV
2EMHFWLYHV7KHSUHVHQWH[SHULPHQWVLQYHVWLJDWHGWKHHIIHFWVRISV\FKRORJL
FDOVWUHVVRQWKHUDWIRUFHGVZLPPLQJEHKDYLRULQEDUDNROWUHDWHGUDWV
0HWKRGV0DOH:LVWDUUDWVZHUHREWDLQHGIURPZHDQLQJDQGKRXVHGHLWKHU
DORQHLVRODWLRQUHDULQJRULQJURXSVRI¿YHVL[UDWVFDJHVRFLDOUHDULQJLQ
WKHVDPHURRP)LYHZHHNVODWHUERWKVRFLDOO\DQGLVRODWLRQUHDUHGUDWVZHUH
WHVWHGIRUWKHLUVHQVLWLYLW\WRWKHDQWLGHSUHVVDQWHIIHFWRIEDUDNROE\XVLQJWKH
IRUFHGVZLPPLQJWHVW
5HVXOWV7KHUHVXOWVIURPWKHIRUFHGVZLPPLQJWHVWGHPRQVWUDWHGWKDW WKH
IRUFHGVZLPPLQJEHKDYLRURIWKHVDOLQHWUHDWHGLVRODWLRQUHDUHGUDWVZDVQRW
VLJQL¿FDQWO\GLIIHUHQFHIURPWKHVRFLDOO\UHDUHGFRQWUROV6XEFKURQLFWUHDW
PHQWZLWKEDUDNRODQGPJNJLSDQGKSURGXFHGWKHEL
SKDVLFHIIHFWVRQWKHIRUFHGVZLPPLQJEHKDYLRULQWKHLVRODWLRQUHDUHGUDWV
/RZGRVHVRIEDUDNRODQGPJNJLSVLJQL¿FDQWO\LQGXFHGDQWLGHSUHV
VDQWOLNHHIIHFWDV LQGLFDWHGE\GHFUHDVH WKH LPPRELOLW\ WLPHDQG LQFUHDVH
VWUXJJOLQJ3FRPSDUHGZLWKWKHVDOLQHWUHDWHGFRQWUROV7KHHIIHFWRI
KLJKHUGRVHRIEDUDNROPJNJLSRQWKHLPPRELOLW\DQGVWUXJJOLQJWLPH
ZDVQRWVLJQL¿FDQWO\GLIIHUHQFHIURPWKHVDOLQHWUHDWHGLVRODWLRQUHDUHGUDWV
3!7KHDQWLGHSUHVVDQWOLNHHIIHFWRIEDUDNRODQGPJNJLSZDV
QRWREVHUYHGLQWKHVRFLDOO\UHDUHGUDWV
&RQFOXVLRQV7KHVHUHVXOWVLQGLFDWHWKDWSV\FKRORJLFDOVWUHVVIURPWKHHDUO\
VWDJHRIOLIHHQKDQFHVWKHDQWLGHSUHVVDQWOLNHHIIHFWEDUDNRO)XWXUHH[SHUL
PHQWVZLOOQHHGWRGHWHUPLQHZKHWKHUWKHUHDUHDOWHUDWLRQVRIFHQWUDOQHXUR
WUDQVPLWWHUVLQWKHVRFLDOLVRODWLRQVWUHVVUDWVDQGLQYHVWLJDWHWKHPHFKDQLVP
RIDFWLRQRIEDUDNRO
5HIHUHQFHV
:RQJZLWGHFKD1DQG7KUHHQHW(,QWHUQ-1HXURSV\FKRSKDU
PDFRO6XSSO6
:RQJZLWGHFKD1HWDO,QWHUQ-%LRO6WUHVV6XSSO
:RQJZLWGHFKD 1 DQG 0DUVGHQ &$  %HKDY %UDLQ 5HV 

3RUVROW5'HWDO(XU-3KDUPDFRO
039#(/0(!2-!#/,/'9¬¬/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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3RVWHU6HVVLRQ1R
32
/RQJWHUP1HXURSV\FKLDWULF&RQVHTXHQFHVRI&DUERQ
0RQR[LGH3RLVRQLQJ$&DVH5HSRUW
%RUUDV/DXUHQFH
6DLQW/XF8QLYHUVLW\+RVSLWDORI%UXVVHO%HOJLXP
(\WDQ$ULHO+XJXHOHW3KLOLSSH&RQVWDQW(ULF
%DFNJURXQG&DUERQPRQR[LGH&2LQWR[LFDWLRQFDQUHVXOWLQDOWHUDWLRQV
RI EUDLQ IXQFWLRQLQJ DV D FRQVHTXHQFH RI FHUHEUDO DQR[LD DQG DVVRFLDWHG
ELRFKHPLFDO PHFKDQLVPV 7KHVH FKDQJHV DSSHDU TXLFNO\ DIWHU SRLVRQLQJ
DQGVRPHWLPHVODVWIRU\HDUV2QWKHEDVLVRIVXFKDFOLQLFDOREVHUYDWLRQZH
UHYLHZWKHOLWHUDWXUHRQWKLVWRSLF
0HWKRGV$\HDUROG IHPDOH SDWLHQW GHVFULEHV GRPHVWLF&2SRLVRQLQJ
WKDWRFFXUUHG\HDUVSULRUWRDGPLVVLRQ,QWKHGD\VIROORZLQJWKHLQWR[LFD
WLRQ VKH FRPSODLQHG RI FRQVWDQW XQUHPLWWLQJ IDWLJDELOLW\ DQG KHDGDFKHV
LQVRPQLD OLPESDLQPHPRU\DQGFRQFHQWUDWLRQSUREOHPVDQGZRUGUHFDOO
GLI¿FXOWLHV1HXURSV\FKRORJLFDO WHVWV FRQ¿UPHG WKH SUHVHQFH RI FRJQLWLYH
LPSDLUPHQWLQVHYHUDOGRPDLQVDWWHQWLRQDXGLRYHUEDODQGYLVXDOPHPRU\
PHQWDOSURFHVVLQJVSHHG
$WWKHSUHVHQWWLPHSV\FKLDWULFHYDOXDWLRQFRQFOXGHVWRFKURQLFWUHDWPHQW
UHVLVWDQWPDMRUGHSUHVVLRQDQGRUJDQLFSHUVRQDOLW\FKDQJHVERWKSUHVHQWIRU
PRUHWKDQWZRGHFDGHV$ORFDOL]HGULJKWSDULHWDOLVFKHPLFOHVLRQLVYLVLEOH
RQ50, DQG WKH  KRXUV ((* GHPRQVWUDWHV DQ DEVHQFH RI GHHS15(0
VOHHS'HVSLWHDYHUDJHOHYHOVRIJHQHUDOLQWHOOHFWXDOIXQFWLRQLQJVXEMHFWLYH
FRJQLWLYH GLI¿FXOWLHV DQG PRRG GLVWXUEDQFHV VHYHUHO\ LPSDFWHG XSRQ WKH
SDWLHQW¶VOHYHORIIXQFWLRQLQJ,QRUGHUWRHYDOXDWHSRVVLEOHRXWFRPHVIRUWKLV
SDWLHQWDUHYLHZ0HGOLQHZDVSHUIRUPHG
5HVXOWV /RQJ WHUP RXWFRPH VHHPV WR EH GHWHUPLQHG E\ GXUDWLRQ RI H[
SRVXUH WR &2 DQG SURPSWLWXGH RI DGHTXDWH WUHDWPHQW R[\JHQ LQKDODWLRQ
WKHUDS\LQWKHDFXWHSKDVH+RZHYHUVXEMHFWLYHV\PSWRPVDUHGHVFULEHGE\
DPDMRULW\RISDWLHQWV)RUJHWIXOQHVVLUULWDELOLW\KHDGDFKHLQVRPQLDOLPE
SDLQDQGGL]]LQHVVDUHWKHPRVWIUHTXHQWO\UHSRUWHG
$FFRUGLQJWRVWXGLHVDSSUR[LPDWHO\WRRISDWLHQWVH[KLELWORQJWHUP
LQWHOOHFWXDO GLVWXUEDQFHV G\VFDOFXOLD DPQHVLD GLVRULHQWDWLRQ DQG MXGJ
PHQWGLI¿FXOWLHV0RUHRYHUDOPRVWWKHVDPHSURSRUWLRQRIVXEMHFWVVKRZV
FKURQLF SHUVRQDOLW\ FKDQJHV HPRWLRQDO LQVWDELOLW\ ZLWK GHSUHVVLYH DQG
DQ[LRXVPRRGLQIDQWLOLVPK\SHUDFWLYLW\DQGODFNRIVSHHFKDQGEHKDYLRUDO
LQKLELWLRQ 1HXURORJLFDO V\PSWRPV VHQVRU\ GLVWXUEDQFH SHULSKHUDO
QHUYHOHVLRQVS\UDPLGDOH[WUDS\UDPLGDODQGYHJHWDWLYHV\PSWRPVDWD[LD
DQGFUDQLDOQHUYHGLVWXUEDQFHVDIIHFWDOPRVWRIVXEMHFWV%HWZHHQ
DQGRIDOOVXEMHFWVKDYHDEQRUPDO05,DQG63(&7VFDQVZLWKK\SSRF
DPSDODWURSK\GLIIXVHFRUWLFDODWURSK\ZLWKHQODUJHGYHQWULFOHWREUDLQUDWLR
9%5DQGIURQWDOWHPSRUDODQGSDULHWDOOREHK\SRSHUIXVLRQ
&RQFOXVLRQV&2LQWR[LFDWLRQRIWHQKDVORQJODVWLQJDQGLQYDOLGDWLQJQHX
URSV\FKLDWULFFRQVHTXHQFHV7KRVHPD\EHRYHUORRNHGPLVGLDJQRVHGRUQRW
IXOO\DSSUHFLDWHG/RQJWHUPPXOWLIDFHWHGDSSURDFKDQGIROORZXSVKRXOG
EH SURSRVHG WR SDWLHQWV WKDW VXUYLYH WKH DFXWH SKDVH RI &2 LQWR[LFDWLRQ
7KLV DSSURDFK VKRXOG HQFRPSDVV QHXURSV\FKRORJLFDO WHVWLQJ DSSURSULDWH
SV\FKLDWULFFRXQVHOLQJDQGDSHULRGLFDOO\DGDSWHGLQGLYLGXDOL]HGUHKDELOLWD
WLRQSODQ
5HIHUHQFHV
 /RQJWHUP IROORZXS VWXG\ RQ VHTXHODH RI FDUERQ PRQR[LGH SRLVRQ
LQJ VHULDO LQYHVWLJDWLRQ  \HDUV DIWHU SRLVRQLQJ 0LPXUD . +DUDGD
0 6XPL\RVKL 6 7RK\D * )XMLWD ( 7DWHWVX 6 6HLVKLQ 6KLQNHLJDNX
=DVVKL
 &RQWLQXLQJ 'HFOLQH RI PHPRU\ VNLOOV ZLWK VLJQL¿FDQW UHFRYHU\ RI
LQWHOOHFWXDO IXQFWLRQ IROORZLQJ VHYHUH FDUERQ PRQR[LGH H[SRVXUH &HFLO
55H\QROGV5DPRQD2+RSNLQV(ULQ'%LJOHU$UFKLYHVRIFOLQLFDOQHX
URSV\FKRORJ\PDUFK
05,TXDQWLWDWLYH05,6SHFWDQGQHXURSV\FKRORJLFDO¿QGLQJVIROORZ
LQJFDUERQPRQR[LGHSRLVRQLQJ*DOH6'+RSNLQV52:HDYHU/.%LJOHU
(-%ODWWHU''%UDLQ,QMXU\$SU
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'LIIHUHQFHVLQWKH%UDLQ5HZDUG6\VWHP5HDFWLYLW\RI
6FKL]RSKUHQLD3DWLHQWV7UHDWHGZLWK7\SLFDOYV$W\SLFDO
$QWLSV\FKRWLFV
3HWHU.LUVFK
8QLYHUVLW\RI*LHVVHQ*HUPDQ\
6DELQH5RQVKDXVHQ'DQLHOD0LHU%HUQG*DOOKRIHU
2EMHFWLYHV'RSDPLQHLVNQRZQWREHFULWLFDOO\LQYROYHGLQUHZDUGUHODWHG
SURFHVVHVDQGPRWLYDWHGEHKDYLRXU 6FKXOW]%HUULGJH	5RELQVRQ
(VSHFLDOO\WKH'UHFHSWRULVGLVFXVVHGWRSOD\DQLPSRUWDQWUROHLQ
WKHVHSURFHVVHV7\SLFDODQWLSV\FKRWLFVDUHNQRZQWRKDYHDVWURQJ'DQ
WDJRQLVWLFHIIHFW,QFRQWUDVWDW\SLFDODQWLSV\FKRWLFVKDYHDORZHUGRSDPLQH
'ELQGLQJ7KHUHIRUHLWFRXOGEHDUJXHGWKDWDWUHDWPHQWZLWKW\SLFDODQ
WLSV\FKRWLFVLPSDLUVWKHEUDLQUHZDUGV\VWHPRISDWLHQWVOHDGLQJWRUHGXFHG
PRWLYDWLRQRUDQKHGRQLDOLNHEHKDYLRXU,QFRQWUDVWDW\SLFDODQWLSV\FKRWLFV
VKRXOGSURGXFHOHVVHIIHFWRQWKHUHZDUGV\VWHP7RLQYHVWLJDWHWKHGLIIHUHQW
HIIHFWRIW\SLFDODQGDW\SLFDODQWLSV\FKRWLFVRQWKHEUDLQUHZDUGV\VWHPZH
FRPSDUHGWKHEUDLQDFWLYDWLRQRISDWLHQWVWUHDWHGZLWKHLWKHUW\SLFDORUDW\SL
FDORUDFRPELQDWLRQRIERWKVXEVWDQFHVGXULQJWKHDQWLFLSDWLRQRIUHZDUGE\
PHDQVRIIXQFWLRQDOPDJQHWUHVRQDQFHLPDJLQJ:HH[SHFWHGDUHGXFHGDFWL
YDWLRQRIVWUXFWXUHVRIWKHUHZDUGV\VWHPHVSHFLDOO\WKHQXFOHXVDFFXPEHQV
LQW\SLFDOO\WUHDWHGSDWLHQWVGXULQJUHZDUGDQWLFLSDWLRQ
0HWKRGV:H LQYHVWLJDWHG PDOH SDWLHQWV PHDQ DJH  \HDUV 
\HDUVVXIIHULQJIURPVFKL]RSKUHQLDRIWKHVHSDWLHQWVZHUHWUHDWHGHLWKHU
VROHO\ZLWKW\SLFDORUZLWKDFRPELQDWLRQRIW\SLFDODQGDW\SLFDODQWLSV\FKRW
LFVSDWLHQWVZHUHWUHDWHGZLWKDW\SLFDODQWLSV\FKRWLFVDORQH:KLOHWKH\
ZHUHVFDQQHGWKHSDWLHQWVFRPSOHWHGDUHDFWLRQWLPHWDVNZKHUHWKH\FRXOG
ZLQRUORRVHPRQH\GHSHQGLQJRQWKHLUSHUIRUPDQFH.LUVFKHWDO
$WWKHEHJLQQLQJRIHDFKWULDOWKHSDUWLFLSDQWVZHUHLQIRUPHGZKHWKHUWKH\
FDQ ZLQ RU ORRVHPRQH\ LQ WKH XSFRPLQJ WDVN 7KH EUDLQ DFWLYDWLRQ ZDV
DQDO\VHGIRUWKHWDVNDQWLFLSDWLRQSKDVH
5HVXOWV 'XULQJ WKH DQWLFLSDWLRQ RI UHZDUG SDWLHQWV WUHDWHG ZLWK W\SLFDO
DQWLSV\FKRWLFV VKRZHG OHVV DFWLYDWLRQ RI WKH ULJKW QXFOHXV DFFXPEHQV
7PD[ SFRUUHFWHGIRUWKHUHJLRQRILQWHUHVWDQGWKHULJKWSXWD
PHQ7PD[ SFRUUHFWHGIRUWKH52,WKDQWKRVHWUHDWHGZLWKDW\SL
FDO DQWLSV\FKRWLFV ,Q FRQWUDVW WKHUHZDVQR VLJQL¿FDQWO\KLJKHU DFWLYDWHG
UHJLRQGXULQJUHZDUGDQWLFLSDWLRQLQWKHW\SLFDOO\WUHDWHGSDWLHQWV
&RQFOXVLRQV$V H[SHFWHG ZKHQ DQWLFLSDWLQJ DQ UHZDUG SDWLHQWV WUHDWHG
ZLWKW\SLFDODQWLSV\FKRWLFVVKRZHGOHVVDFWLYDWLRQRIFHQWUDOUHJLRQVRIWKH
EUDLQ UHZDUG V\VWHP WKDQ WKRVH WUHDWHGZLWK DW\SLFDO DQWLSV\FKRWLFV7KLV
GLIIHUHQFHPLJKWEHDUHVXOWRIWKHKLJKHU'UHFHSWRUEORFNDGHE\W\SLFDO
DQWLSV\FKRWLFV6LQFHWKHGRSDPLQHUJLFUHZDUGV\VWHPLVFORVHO\UHODWHGWR
LQFHQWLYHPRWLYDWLRQ%HUULGJH	5RELQVRQWKHUHGXFWLRQRIQXFOHXV
DFFXPEHQVDFWLFYW\E\W\SLFDODQWLSV\FKRWLFVPLJKWFRQWULEXWHWRDQKHGRQLD
OLNH EHKDYLRXU DV REVHUYHG DV D VLGH HIIHFW RI WKLV SDUWLFXODUPHGLFDWLRQ
+RZHYHU VLQFH IRU WKH SUHVHQW H[SHULPHQW SDWLHQWV ZHUH QRW UDQGRPO\
DVVLJQHG WR WKH GLIIHUHQW WUHDWPHQWV WKH UHVXOWV PXVW EH LQWHUSUHWHG YHU\
FDUHIXOO\
5HIHUHQFHV
%HUULGJH.&5RELQVRQ7(:KDWLVWKHUROHRIGRSDPLQHLQUHZDUG
KHGRQLF LPSDFW UHZDUG OHDUQLQJ RU LQFHQWLYH VDOLHQFH %UDLQ UHVHDUFK
UHYLHZV
.LUVFK 3 6FKLHQOH$ 6WDUN 5 6DPPHU * %OHFNHU &:DOWHU % 2WW 8
%XUNDUW-9DLWO'$QWLFLSDWLRQRIUHZDUGLQDQRQDYHUVLYHGLIIHUHQWLDO
FRQGLWLRQLQJSDUDGLJPDQGWKHEUDLQUHZDUGV\VWHPDQHYHQWUHODWHGI05,
VWXG\1HXUR,PDJH
6FKXOW]: *HWWLQJ IRUPDOZLWKGRSDPLQH DQG UHZDUG1HXURQ

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93$&KDQJHV&D5HVSRQVH$FFRPSDQLHGZLWK,QKLELWLRQRI
3.&
0DVDWDNH.XULWD
)XNXVKLPD0HGLFDO8QLYHUVLW\DQG.RWRNXNDL6RWR+RVSLWDO
-DSDQ
.RXML2KWRPR7DGDQRUL.XPDVDND.D\R6DLJRX
+LVD\RVKL6KLUDNDZD6DWRVKL1LVKLQR+LUREXPL0DVKLNR
6KLQ,FKL1LZD1RULPLFKL1DNDKDWD
2EMHFWLYHV6RGLXPYDOSURDWH93$KDVEHHQXVHGFOLQLFDOO\IRUWUHDWPHQW
RIQRWRQO\HSLOHSV\EXWDOVRPRRGGLVRUGHU$OWKRXJK93$LVHIIHFWLYHIRU
WUHDWPHQWRIHSLOHSV\YLDLQKLELWLRQRIȖDPLQREXW\ULFDFLGWUDQVDPLQDVHLW
UHPDLQVXQNQRZQZK\93$LVHIIHFWLYHIRUWKHWUHDWPHQWRIPRRGGLVRUGHU
7KHDXWKRUVH[DPLQHGWKHHIIHFWRI93$DWWKHUDSHXWLFFRQFHQWUDWLRQV
DQG  0 RQ WKH HOHYDWLRQ RI LQWUDFHOOXODU IUHH FDOFLXP FRQFHQWUDWLRQ
>&D@L LQGXFHGE\ FDUEDFKRO DPXVFDULQLF UHFHSWRU DJRQLVW SURWHLQNL
QDVH&3.&DFWLYLW\DQGUHFHSWRUELQGLQJLQ1KXPDQDVWURF\WRPD
FHOOV
0HWKRGV1ZHUHJURZQLQ'0(0FRQWDLQLQJIHWDOERYLQHVHUXP
LQDQLQFXEDWRU7KHSUHSDUDWLRQDQGPHDVXUHPHQWRILQWUDFHOOXODU&DFRQ
FHQWUDWLRQ3.&DQGUHFHSWRUELQGLQJZHUHSHUIRUPHGDVGHVFULEHG.XULWD
HWDO
5HVXOWV7UHDWPHQW RI WKH FHOOVZLWK  DQG093$ IRU PLQGLG
QRW FKDQJH WKH FDUEDFKROLQGXFHG >&D@L HOHYDWLRQ 7UHDWPHQW ZLWK 
DQG  0 93$ IRU  K KRZHYHU UHGXFHG WKH HOHYDWLRQ 6LQFH ZH
KDYHVKRZQWKDW/LUHGXFHGFDUEDFKROLQGXFHG>&D@LHOHYDWLRQLQ3.&
GRZQUHJXODWHG1FHOOV.XULWDHWDOWKHDFWLYLW\RI3.&ZDV
H[DPLQHG7UHDWPHQWZLWK93$DW WKHVDPHFRQFHQWUDWLRQV IRURUK
ZHDNO\UHGXFHG3.&DFWLYLW\ LQPHPEUDQHDQGF\WRVROIUDFWLRQVIURPWKH
FHOOV2Q WKHRWKHUKDQG WKH WUHDWPHQWRI WKHFHOOVZLWK093$IRU
RUK VOLJKWO\ LQFUHDVHG WKH%PD[YDOXHEXWQRW WKH.GYDOXH LQ WKH
ELQGLQJRI>+@TXLQXFOLGLQ\OEHQ]\ODWHDPXVFDULQLFUHFHSWRUOLJDQGWRWKH
PHPEUDQHV VXJJHVWLQJ WKDW WKHQXPEHURUDI¿QLW\RIPXVFDULQLF UHFHSWRU
GLGQRWGHFUHDVHDIWHU93$WUHDWPHQW
&RQFOXVLRQV7KHVHUHVXOWVLQGLFDWHWKDW93$DWWKHUDSHXWLFFRQFHQWUDWLRQV
VOLJKWO\GHFUHDVHVWKH3.&DFWLYLW\DQGLQKLELWVPXVFDULQLFUHFHSWRUPHGL
DWHG>&D@LHOHYDWLRQSUREDEO\WKURXJKFKDQJHLQWKHLQWUDFHOOXODUVLJQDOLQJ
SDWKZD\93$LQGXFHG UHGXFWLRQ RI 3.& DFWLYLW\PD\ SOD\ D UROH LQ WKH
WUHDWPHQWRIPRRGGLVRUGHU
5HIHUHQFHV
.XULWDHWDO'LVFULPLQDWLRQRI+KLVWDPLQHDQGPXVFDULQLFUHFHSWRU
PHGLDWHGVLJQDOLQJSDWKZD\E\SKRUEROHVWHU LQKXPDQDVWURF\WRPDFHOOV
&OLQ([S3KDUPDFRO
.XULWDHWDO/LWKLXPFKORULGHDWDWKHUDSHXWLFFRQFHQWUDWLRQUHGXGHV
&DUHVSRQVHLQSURWHLQNLQDVH&GRZQUHJXODWHGKXPDQDVWURF\WRPDFHOOV
(XU-3KDUPDFRO
32
$IIHFWDQG&RORXU3HUFHSWLRQ±D1HXURSK\VLRORJLFDO
$SSURDFK
%HUWKROG/DQJJXWK
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\RI
5HJHQVEXUJ*HUPDQ\
0DUWLQ3HUQD3KLOLSS6DQG*|UDQ+DMDN3HWHU(LFKKDPPHU
2EMHFWLYHV 3DWLHQWV VXIIHULQJ IURP PRRG GLVRUGHUV IUHTXHQWO\ UHSRUW
DOWHUDWLRQVRIFRORXUSHUFHSWLRQ7KXVG\VIXQFWLRQVRIWKHQHXURELRORJLFDO
WUDQVIRUPDWLRQRIFRORXUSHUFHSWLRQPD\EHLQYROYHGLQWKHSDWKRJHQHVLVRI
DIIHFWLYHGLVRUGHUV
0HWKRGV 7KH QHXURSK\VLRORJLFDO WHFKQLTXH RI 7UDQVFUDQLDO 0DJQHWLF
6WLPXODWLRQ706DOORZVWRDVVHVVQRQLQYDVLYHO\WKHLQWHJULW\DQGH[FLW
DELOLW\SDWWHUQVRIFRUWLFDODQGVXEFRUWLFDOQHWZRUNV8VLQJWKLVPHWKRGZH
VWXGLHGWHQKHDOWK\\RXQJVXEMHFWVXQGHUWKUHHFRQGLWLRQVQRYLVXDOVWLPXOD
WLRQVWLPXODWLRQZLWKUHGOLJKWVWLPXODWLRQZLWKJUHHQOLJKW6HYHUDO706
SDUDGLJPV 0RWRU7KUHVKROG 07 &RUWLFDO 6LOHQW 3HULRG &63 3DLUHG
SXOVH )DFLOLWDWLRQ 33) 3DLUHGSXOVH ,QKLELWLRQ 33,ZHUH VWXGLHG7KH
706SDUDGLJPVDOORZWRDVVHVVGLIIHUHQWDVSHFWVRIFRUWLFDODQGVXEFRUWLFDO
H[FLWDELOLW\DQGJLYHLQVLJKWLQWRWKHQDWXUHDQGORFDOL]DWLRQRILQKLELWRU\DQG
IDFLOLWDWRU\SURFHVVHVZLWKLQQHXURQDOQHWZRUNV
5HVXOWV9LVXDOVWLPXODWLRQKDGVLJQL¿FDQWHIIHFWVRQPRWRUFRUWH[H[FLWDELO
LW\SDWWHUQVGHPRQVWUDWLQJWKHSRWHQWLDORI706WRGHWHFWFKDQJHVLQYLVXDO
SURFHVVLQJLQKXPDQV
&RQFOXVLRQV706PD\EHIXUWKHUGHYHORSHGDVDQ LQVWUXPHQW IRU WKHDV
VHVVPHQW RI FRUWLFDO DQG VXEFRUWLFDO H[FLWDELOLW\ FKDQJHV DVVRFLDWHG ZLWK
DOWHUDWLRQVRIFRORXUSHUFHSWLRQ7KLVPD\KHOSWRHOXFLGDWHWKHSDWKRSK\VL
RORJ\RIDIIHFWLYHGLVRUGHUV
32
0RGXODWLRQRI&HUHEHOORWKDODPRFRUWLFDO3DWKZD\VE\
&HUHEHOODUU706
%HUWKROG/DQJJXWK
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\RI
5HJHQVEXUJ*HUPDQ\
0LFKDHO/DQGJUHEH3KLOLSS6DQG*|UDQ+DMDN
3HWHU(LFKKDPPHU
2EMHFWLYHV,QFUHDVLQJHYLGHQFHVXJJHVWVWKDWG\VIXQFWLRQVRIWKHFRUWLFR
FHUHEHOODUWKDODPLFFRUWLFDO FLUFXLW DUH LQYROYHG LQ WKHSDWKRSK\VLRORJ\RI
VFKL]RSKUHQLD7KHJRDORIWKLVVWXG\ZDVWRH[SORUHWKHHIIHFWRIFHUHEHOODU
UHSHWLWLYH7UDQVFUDQLDO0DJQHWLF6WLPXODWLRQU706RQFHUHEHOORWKDODPR
FRUWLFDOSDWKZD\V
0HWKRGV 7HQ KHDOWK\ YROXQWHHUV UHFHLYHG QHXURQDYLJDWHG U706 
PRWRUWKUHVKROGVWLPXOLRYHUWKHPHGLDOFHUHEHOOXPDWDIUHTXHQF\RI
+]0RWRUFRUWH[H[FLWDELOLW\ZDVDVVHVVHGEHIRUHDQGDIWHUWKHLQWHUYHQ
WLRQE\XVLQJSDLUHGSXOVHWUDQVFUDQLDOPDJQHWLFVWLPXODWLRQ
5HVXOWV&HUHEHOODUU706UHVXOWHGLQDVLJQL¿FDQWLQFUHDVHRILQWUDFRUWLFDO
LQKLELWLRQ ,&,7KLV HIIHFWPD\EHPHGLDWHGE\ U706 LQGXFHG HQKDQFH
PHQW RI 3XUNLQMH FHOO DFWLYLW\ 2WKHU SDUDPHWHUV RI FRUWLFDO H[FLWDELROLW\
UHPDLQHGXQFKDQJHG
&RQFOXVLRQV U706RYHU WKH FHUHEHOOXPKDV ODVWLQJ HIIHFWV RQ FHUHEHOOR
WKDODPRFRUWLFDO SDWKZD\V DQG WKXV PLJKW RIIHU DQ LQQRYDWLYH WUHDWPHQW
DSSURDFKIRUQHXURSV\FKLDWULFGLVHDVHV
32
$OWHUHGFRUWLFDO([FLWDELOLW\DVD%HKDYLRXUDO7UDLW0DUNHULQ
6XEMHFWLYHO\(OHFWURVHQVLWLYH3DWLHQWV
%HUWKROG/DQJJXWK
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\RI
5HJHQVEXUJ*HUPDQ\
0LFKDHO/DQGJUHEH6LPRQH+DXVHU8OULFK)ULFN
3HWHU(LFKKDPPHU
2EMHFWLYHV+\SHUVHQVLWLYLW\WRHOHFWURPDJQHWLF¿HOGV(0)DVDFDXVHRI
XQVSHFL¿F VRPDWLF DQGRU QHXURSV\FKRORJLFDO FRPSODLQWV RI SDWLHQWV KDV
EHHQUHSRUWHGYHU\IUHTXHQWO\LQWKHODVW\HDUV+RZHYHUDFOHDUGH¿QLWLRQ
DVZHOO DVGLDJQRVWLF FULWHULD DUH ODFNLQJ VR IDU0RVWSURYRFDWLRQ VWXGLHV
IDLOHG WR GHPRQVWUDWH D FDXVDO UHODWLRQVKLS EHWZHHQ (0)H[SRVXUH DQG
V\PSWRP IRUPDWLRQ7KHUHIRUH K\SHUVHQVLWLYLW\ WR (0) VHHPV WR EHORQJ
WRWKHJURXSRIFKURQLFPXOWLV\PSWRPLOOQHVVHV8QWLOQRZWKHXQGHUO\LQJ
QHXURELRORJLFDO SURFHVVHV RI V\PSWRP IRUPDWLRQ DQG FKURQL¿FDWLRQ DUH
FRPSOHWHO\XQNQRZQ$FRPSOH[LQWHUDFWLRQRIJHQHWLFSUHGLVSRVLWLRQIDF
WRUV WULJJHULQJ HYHQWV DQG HQYLURQPHQWDO LQÀXHQFHV VHHP WREH LQYROYHG
&RUWLFDOH[FLWDELOLW\SDUDPHWHUVFDQEHGHWHUPLQHGE\PHDVXULQJLQWUDFRUWL
FDOLQKLELWLRQ,&,DQGIDFLOLWDWLRQ,&)E\WUDQVFUDQLDOPDJQHWLFVWLPXOD
WLRQ 706 ,W KDVEHHQ VKRZQ UHFHQWO\ WKDW ,&, DQG ,&)PD\EHXVHG WR
GHWHFWSK\VLRORJLFDOHQGRSKHQRW\SHVDQGPD\EHFRUUHODWHGWREHKDYLRXUDO
WUDLWVOLNHQHXURWLFLVP
0HWKRGV8VLQJ SDLUHGSXOVH WUDQVFUDQLDOPDJQHWLF VWLPXODWLRQZH GHWHU
PLQHGFRUWLFDOH[FLWDELOLW\SDUDPHWHUVLQDJURXSRIVXEMHFWLYHO\HOHFWURVHQ
VLWLYHSDWLHQWV1 DQGWZRFRQWUROJURXSV1 IURPDUHSUHVHQWD
WLYHVDPSOHRIWKHJHQHUDOSRSXODWLRQLQWKHFLW\RI5HJHQVEXUJ
5HVXOWV$V WKHPDLQ UHVXOW HOHFWURVHQVLWLYHSDWLHQWV VKRZHGVLJQL¿FDQWO\
UHGXFHGLQWUDFRUWLFDOIDFLOLWDWLRQFRPSDUHGWRERWKFRQWUROJURXSV
&RQFOXVLRQV7KLVLVWKH¿UVWGHPRQVWUDWLRQWKDWSHRSOHZKRFODLPWKHP
VHOYHVWREHHOHFWURVHQVLWLYHGRKDYHDOWHUHGFRUWLFDOH[FLWDELOLW\SDUDPHWHUV
LQWKHVHQVHRIODFNLQJLQWUDFRUWLFDOIDFLOLWDWLRQ:KHWKHUHOHFWURVHQVLWLYLW\
LV D EHKDYLRXUDO WUDLW DQG FDQ EH FKDUDFWHUL]HG E\ WUDQVFUDQLDO PDJQHWLF
VWLPXODWLRQKDVWREHFRQ¿UPHGLQIXUWKHUVWXGLHV
"2!).¬&5.#4)/.¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
32
*URZWK+RUPRQH$VVRFLDWHGZLWK3V\FKRSDWRORJ\±D3LORW
6WXG\
1DGMD0DULF
,QVWLWXWHRI3V\FKLDWU\8&&%HOJUDGH6HUELDDQG0RQWHQHJUR
-DVRYLF*DVLF0=HELF03HNLF63RSRYLF9
2EMHFWLYHV'XULQJWKHSDVW\HDUVLQFUHDVLQJFRQVLGHUDWLRQKDVEHHQJLYHQWR
SRWHQWLDOHIIHFWVRI*+RQWKHFHQWUDOQHUYRXVV\VWHPDQGSV\FKRSDWKRORJ\
1HXURSV\FKRORJLFDO H[DPLQDWLRQV RI SDWLHQWV ZLWK WUDXPDWLF EUDLQ LQMXU\
7%,VKRZWKDWDVLJQL¿FDQWSRUWLRQRIYDULDEOHVDUHLPSDLUHG,QWKHIHZ
FDVHUHSRUWVKRUPRQHUHSODFHPHQWLQ*+GH¿FLHQW7%,SDWLHQWVUHVXOWHGLQ
PDMRUQHXUREHKDYLRUDOLPSURYHPHQWV
0HWKRGV ,Q WKH SUHVHQW VWXG\ ZH HYDOXDWHG WKH FRUUHODWLRQ EHWZHHQ WKH
SHDN*+UHVSRQVHVDIWHUDYHU\SRWHQW VWLPXODWLRQ WHVW *+5+*+53
DQG6&/5VXEVFDOHVFRUHVLQVXEMHFWVPDOHIHPDOH PHDQ
DJH  \HDUV %0,  NJP 7KH VXEMHFWV ZHUH VWXGLHG DW
OHDVWRQH\HDUDIWHUKRVSLWDOL]DWLRQ7%,PHDQ\HDUVUDQJH
\HDUV0XOWLSOHSLWXLWDU\KRUPRQHGH¿FLHQFLHVZHUH IRXQG LQZKLOH
VHYHUH*+GH¿FLHQF\*+'ZDVSUHVHQWLQRI7%,SDWLHQWV$WEDVH
OLQHDIWHURYHUQLJKWIDVWDWDPVHUXPVDPSOHVIRU,*)ZDVWDNHQDQG
VDPSOHVZHUHVWRUHGDW&XQWLODVVD\HG7KH*+,*)D[LVZDVHYDOX
DWHGE\*+5+*(5()6HURQR0DGULGȝJNJLYDWPLQSOXV*+53
&OLQDOID/DXIHOLQJHQ6ZLW]HUODQGȝNJLYDWPLQ
5HVXOWV /LQHDU UHJUHVVLRQ DQDO\VLV VKRZHG WKDW ORZHU*+ UHVSRQVH GXU
LQJWKHFRPELQHG*+5+*+53WHVWZDVDVVRFLDWHGZLWKROGHUDJH3 
KLJKHU%0,3 PDOHVH[3 DQGWKHWLPHIURPWKH
7%,3 WDEOH
7DEOH6&/5YDULDEOHVWKDWFRUUHODWHZLWKSHDN*+UHVSRQVH*+5+*+53
WHVW
'HSHQGHQWYDULDEOH
/LQHDUUHJUHVVLRQDQDO\VHV 0XOWLSOHOLQHDUUHJUHVVLRQDQDO\VHV
SUHGLFWRU S 3UHGLFWRU 3
VRPDWL]DWLRQ
$JH  $JH 
3HDN*+ 
3DUDQRLG
,GHDWLRQ
7LPHIURPWUDXPD 
3HDN*+  3HDN*+ 
$IWHU FRQWUROOLQJ IRU YDULDEOHV OLVWHG DERYH WZR 6&/  5 GLPHQVLRQV
VRPDWL]DWLRQDQGSDUDQRLGLGHDWLRQQHJDWLYHO\FRUUHODWHGZLWKWKHSHDN*+
UHVSRQVHV WR WKHSURYRFDWLYH WHVW S  DQGS  UHVSHFWLYHO\ZKLOH
VRPDWL]DWLRQ KDG D WUHQG WRZDUGV QHJDWLYH FRUUHODWLRQ ZLWK ,*), OHYHOV
ZKLFKGLGQRWUHDFKVWDWLVWLFDOVLJQL¿FDQFH
&RQFOXVLRQV1HJDWLYHFRUUHODWLRQEHWZHHQSHDN*+OHYHOVDIWHUSURYRFD
WLYHWHVWDQGWZR6&/5GLPHQVLRQVLPSO\PRUHSURPLQHQWVRPDWLFFRP
SODLQWVDQGSDUDQRLGLGHDWLRQLQ7%,SDWLHQWVZLWKORZHUSHDN*+UHVSRQVHV
DIWHU SURYRFDWLRQ 6XFK UHVXOWV \LHOGV WKDW*+ LV D SDUW RI QHXURFKHPLFDO
DEHUUDWLRQWKDWXVXUSVWKHQRUPDOSURFHVVRIVDOLHQFHDWWULEXWLRQDQGOHDGVWR
DEHUUDQWDVVLJQPHQWRIVDOLHQFHWRH[WHUQDOREMHFWVDQGLQWHUQDOUHSUHVHQWD
WLRQV7KXV*+ LV VXSSRVHG WR EH LQYROYHG LQPHGLDWLRQ RI FRQWH[WXDOO\
UHOHYDQWVDOLHQFHDQG LV WREHHYDOXDWHG LQDVVRFLDWLRQZLWKVWLPXOXVLQDS
SURSULDWHUHOHDVHRIQHXURWUDQVPLWWHUVSDUWLFXODUO\GRSDPLQH
32
7KH,QIOXHQFHRIU706RQ$XGLWRU\+DOOXFLQDWLRQVDQG%UDLQ
0HWDEROLVP
7RPDV1RYDN
3UDJXH3V\FKLDWULF&HQWHU&]HFK5HSXEOLF
-LUL+RUDFHN0LODQ.RSHFHN)LOLS6SDQLHO
2EMHFWLYHV7KHDLPRIRXUVWXG\ZDVWRFRQ¿UPWKHHIIHFWRIORZIUHTXHQF\
UHSHWLWLYH WUDQVFUDQLDOPDJQHWLF VWLPXODWLRQ /)U706 RQPHGLFDWLRQUH
VLVWDQWDXGLWRU\KDOOXFLQDWLRQVDQGWRHYDOXDWHWKHUHJLRQDOEUDLQPHWDEROLF
FKDQJHVDIWHUU706:HK\SRWKHVL]HGWKDWWKHFOLQLFDOHIIHFWZRXOGEHFRQ
QHFWHG ZLWK D GHFUHDVH RIPHWDEROLVP LQ WKH OHIW WHPSRURSDULHWDO FRUWH[
73&XQGHUWKHFRLOSRVLWLRQ
0HWKRGV/)U706+]RIWKHPRWRUWKUHVKROGPLQDSSOLHG
WRWKHOHIW73&ZDVXVHGIRUWHQGD\VLQWKHWUHDWPHQWRIPHGLFDWLRQUHVLVWDQW
DXGLWRU\KDOOXFLQDWLRQV LQSDWLHQWVZLWKVFKL]RSKUHQLDQ 7KHFOLQLFDO
HIIHFWZDVDVVHVVHGE\WKH3RVLWLYHDQG1HJDWLYH6\QGURPH6FDOH3$166
+DOOXFLQDWLRQ&KDQJH6FDOH +&6DQG WKH$XGLWRU\+DOOXFLQDWLRQ5DWLQJ
6FDOH$+56&OLQLFDODVVHVVPHQWVZHUHFRQGXFWHGDWEDVHOLQHDQGDIWHU
WKH¿UVWDQGVHFRQGZHHNRIWUHDWPHQW7KHUHJLRQDOEUDLQPHWDEROLVPZDV
LQYHVWLJDWHG E\ WKH XVH RI )'* 3(7 LQ WKH UHVWLQJ VWDWHZLWKLQ  GD\V
EHIRUH DQG DIWHU U706 7KH DQDO\VLV SDLUHG WWHVW ZDV SHUIRUPHG XVLQJ
630SOHYHOXQFRUUHFWHG
5HVXOWV:HIRXQGDVLJQL¿FDQWLPSURYHPHQWLQWKHWRWDODQGSRVLWLYHV\PS
WRPV 3$166DQG LQKDOOXFLQDWLRQVFDOHV +&6$+567KHVH LPSURYH
PHQWVZHUHGHWHFWDEOHRQO\ IRU FRPSDULVRQVEHWZHHQEDVHOLQHDQGDIWHU
ZHHNVRIU706SEXWQRWDIWHUWKH¿UVWZHHNU706GHFUHDVHGWKH
EUDLQPHWDEROLVP)'*3(7LQWKHOHIWVXSHULRUWHPSRUDOJ\UXVDQGHI
IHFWHGLQFUHDVHVLQWKHFRQWUDODWHUDOWHPSRUDOFRUWH[DQGLQWKHIURQWDOOREHV
ELODWHUDOO\
&RQFOXVLRQV2XU¿QGLQJVFRQ¿UPWKHHIIHFWRIU706RQDXGLWRU\KDOOXFL
QDWLRQVDQGDUHVXSSRUWHGE\GHFUHDVHGPHWDEROLVPLQWKHFRUWH[XQGHUWKH
FRLOSRVLWLRQ
5HIHUHQFHV
+RIIPDQ 5( %RXWURV 11 +X 6 %HUPDQ 50 .U\VWDO -+ &KDUQH\ '6
 7UDQVFUDQLDO PDJQHWLF VWLPXODWLRQ DQG DXGLWRU\ KDOOXFLQDWLRQV LQ
VFKL]RSKUHQLD/DQFHW
+RIIPDQ5(+DZNLQV.$*XHRUJXLHYD5%RXWURV115DFKLG)&DUUROO
. 7UDQVFUDQLDOPDJQHWLF VWLPXODWLRQRI OHIW WHPSRURSDULHWDOFRUWH[
DQG PHGLFDWLRQUHVLVWDQW DXGLWRU\ KDOOXFLQDWLRQV $UFK *HQ 3V\FKLDWU\

7KLV VWXG\ ZDV VXSSRUWHG E\ WKH ,*$ 0=&5 JUDQW 1) DQG WKH
0607&5SURMHFW0
32
(IIHFWRI+7&DQG+7$5HFHSWRU$QWDJRQLVPRQ
+\SHUORFRPRWLRQ,QGXFHGE\0.
7RPDV3iOHQtFHN
3UDJXH3V\FKLDWULF&HQWUH&]HFK5HSXEOLF
9HUD%XEHQLNRYD
2EMHFWLYHV$FWLYLW\RQVHURWRQLQUHFHSWRUVSOD\VDNH\UROHLQGLIIHUHQWLDW
LQJ DW\SLFDO DQWLSV\FKRWLFV$QWDJRQLVPRI +7$ DQG +7& UHFHSWRUV
LVFRPPRQWRPRVWDW\SLFDODQWLSV\FKRWLFV+7$DQWDJRQLVPLVWKRXJKW
WRFRQWULEXWH WR ORZHU LQFLGHQFHRIH[WUDS\UDPLGDOVLGHHIIHFWVRIDW\SLFDO
DQWLSV\FKRWLFVDVZHOODVWRWKHDPHOLRUDWLRQRIDQWLSV\FKRWLFSURSHUWLHVRI
WKHVHGUXJV7KHUROHRI+7&UHFHSWRUVLVOHVVFOHDUPDLQO\EHFDXVHWKHUH
ZHUH QR VHOHFWLYH OLJDQGV IRU WKLV UHFHSWRU VXEW\SH XQWLO UHFHQWO\ ,Q RXU
VWXG\ZHXVHGDQDQLPDOPRGHORIVFKL]RSKUHQLDOLNHEHKDYLRULQGXFHGE\
DFXWH0. D FRPSHWLWLYH1PHWK\O'$VSDUWDWH 10'$ DQWDJRQLVW
:HLQYHVWLJDWHGWKHHIIHFWVRIDPL[HGVHURWRQLQ+7$&UHFHSWRUDQWDJR
QLVWULWDQVHULQDQGVHOHFWLYHDQGEUDLQSHQHWUDQW+7&UHFHSWRUDQWDJRQLVW
6%RQK\SHUORFRPRWLRQLQGXFHGE\0.
0HWKRGV:H XVHGPDOH:LVWDU UDWV EZ  ± J:H WHVWHG WKHP LQ
D QRYHOW\ HQYLURQPHQW LQ WKH RSHQ ¿HOG IRU PLQXWHV:H DVVHVVHG WKH
RYHUDOOORFRPRWRUDFWLYLW\GXULQJWKHSHULRGYLDDQHOHFWURQLFYLGHRWUDFNLQJ
V\VWHP ZLWK (WKR9LVLRQ &RORU3UR Y  VRIWZDUH 1ROGXV 3ULRU WR
WKH WHVWLQJZHSUHWUHDWHG WKH DQLPDOVZLWK0.0. ULWDQVHULQ
RU0.  6% DQGRU YHKLFOH 8VLQJ (WKR9LVLRQ VRIWZDUH ZH
PHDVXUHGWKHWUDMHFWRU\OHQJWKDQGWKHTXDOLWDWLYHWUDMHFWRU\FKDUDFWHULVWLFV
±GLVWULEXWLRQRIWKHPRYHPHQWZLWKLQWKHDUHQD
5HVXOWV:HKDYHSURYHGRSSRVLWHHIIHFWVRIULWDQVHULQDQG6%RQ
K\SHUORFRPRWLRQLQGXFHGE\0.5LWDQVHULQHIIHFWLYHO\EORFNHG0.
LQGXFHGK\SHUORFRPRWLRQZKLOH6%SRWHQWLDWHGWKLVHIIHFW:H
GLG QRW ¿QG DQ\ VLJQL¿FDQW FKDQJHV LQ WKH GLVWULEXWLRQ RI WKH PRYHPHQW
ZLWKLQWKHDUHQD
&RQFOXVLRQV:HFDQDVVXPHWKDWFRPELQHG+7$&EORFNDGHLVHIIHFWLYH
LQEORFNLQJVWLPXODWRU\HIIHFWVRI0.ZKLOHVLPSOH+7&EORFNDGH
DFWVLQWKHRSSRVLWHZD\DQGH[DFHUEDWHK\SHUORFRPRWLRQLQGXFHGE\0.
 7KLV ZRUN ZDV VXSSRUWHG E\ SURMHFWV ,*$ 0+&5 1/  DQG
0(<6&50
5HIHUHQFHV
+RUiFHN-0HFKDQLVPRIDFWLRQRIDW\SLFDODQWLSV\FKRWLFVDQGQHXUR
ELRORJ\RIVFKL]RSKUHQLD3V\FKLDWULH
.HQQHWW*$:RRG0'%ULJKW)7UDLO%5LOH\*+ROODQG9$YHQHOO.<
6WHDQ78SWRQ1 %URPLGJH 6 )RUEHV ,7 %URZQ$00LGGOHPLVV'1
%ODFNEXUQ73 6% D VHOHFWLYH DQG EUDLQ SHQHWUDQW +7&
UHFHSWRUDQWDJRQLVW1HXURSKDUPDFRORJ\
"2!).¬&5.#4)/.¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
.OHYHQ06$VVLH0%.RHN:3KDUPDFRORJLFDOFKDUDFWHUL]DWLRQRI
LQYLYRSURSHUWLHVRISXWDWLYHPL[HG+7$DJRQLVW+7$&DQWDJRQLVW
DQ[LRO\WLFV ,,'UXJ GLVFULPLQDWLRQ DQG EHKDYLRUDO REVHUYDWLRQ VWXGLHV LQ
UDWV-3KDUPDFRO([S7KHU
32
6HUXP&UHDWLQH.LQDVHDQG&KROHVWHURO/HYHOVDV3UHGLFWRUV
RI$JJUHVVLYH%HKDYLRULQ)RUHQVLF3V\FKLDWULF3DWLHQWV
,O\D5H]QLN
3V\FKLDWU\'LYLVLRQ+HU]RJ0HPRULDO+RVSLWDODI¿OLDWHGWRWKH
+DGDVVDK0HGLFDO6FKRRO+HEUHZ8QLYHUVLW\-HUXVDOHP,VUDHO
6HPLRQ.HUW]PDQ+DLP*ULQVSDQ0RVKH%LUJHU0RVKH.RWOHU
2EMHFWLYHV ,QGLYLGXDOVZLWK VHYHUHPHQWDO LOOQHVV IUHTXHQWO\GLVSOD\ VLJ
QL¿FDQWO\KLJKHUUDWHVRIYLROHQFHWKDQWKHJHQHUDOSRSXODWLRQ,QSUHYLRXV
UHSRUWV DYLROHQWEHKDYLRUZDV IRXQGDVVRFLDWHGZLWK HOHYDWHGDFWLYLW\RI
VHUXPFUHDWLQHNLQDVH6&.DQGZLWKUHGXFHGOHYHOVRIWRWDOEORRGFKROHV
WHURO7KHDLPRIRXUVWXG\ZDVWRFRPSDUHWKHVHELRORJLFDOSDUDPHWHUVLQ
WZRJURXSVRIYLROHQWIRUHQVLFSV\FKLDWULFRIIHQGHUVVFKL]RSKUHQLDSDWLHQWV
DQGSDWLHQWVZLWKSHUVRQDOLW\GLVRUGHUV
0HWKRGV 7KH VWXG\ SRSXODWLRQ ZDV  YLROHQW PDOH SDWLHQWV IURP WKH
FORVHGZDUGRIIRUHQVLFSV\FKLDWULFGHSDUWPHQWRIZKRPZHUHVFKL]R
SKUHQLDSDWLHQWV DJHDQGZHUHSDWLHQWVZLWKSHUVRQDOLW\
GLVRUGHUV DJH 7KH SUHYDOHQFH RIPXUGHUHUVZDV  LQ
WKHVFKL]RSKUHQLFJURXSDQGLQWKHJURXSZLWKSHUVRQDOLW\GLVRUGHUV
%ORRGVDPSOHVIRUJOXFRVHOHYHO&./'++'//'/DQGWRWDOFKROHVWHURO
OHYHOZHUHFROOHFWHGDWPRUQLQJLQIDVWLQJFRQGLWLRQ6WDWLVWLFDODQDO\VLVZDV
SHUIRUPHGXVLQJLQGHSHQGHQWVDPSOHVWWHVWVDQG3HDUVRQELYDULDWHFRUUHOD
WLRQV
5HVXOWV6FKL]RSKUHQLDSDWLHQWVKDGVLJQL¿FDQWO\KLJKHU&3.OHYHOW 
S DQG/'+ OHYHO W  S WKHQ SDWLHQWVZLWK SHUVRQDOLW\ GLV
RUGHUV7KHUHZHUHQRVLJQL¿FDQWEHWZHHQJURXSVGLIIHUHQFHVRQRWKHUSD
UDPHWHUV,QERWKJURXSVQRVLJQL¿FDQWGLIIHUHQFHVRQDVVHVVHGELRFKHPLFDO
SDUDPHWHUVZHUHIRXQGEHWZHHQPXUGHUHUVDQGQRQPXUGHUHUV,QWKHRYHUDOO
VDPSOH VLJQL¿FDQW QHJDWLYH FRUUHODWLRQZDV IRXQG EHWZHHQ 6&. DFWLYLW\
DQGWRWDOFKROHVWHUROOHYHOVU S6LPLODUFRUUHODWLRQSDWWHUQZDV
IRXQGLQWKHVFKL]RSKUHQLDJURXSU SEXWWKHUHZDVQRVLJQL¿
FDQWFRUUHODWLRQLQSDWLHQWVZLWKSHUVRQDOLW\GLVRUGHUVU S 
&RQFOXVLRQV,QFUHDVHG6&.DFWLYLW\DQGUHGXFHGWRWDOFKROHVWHUROOHYHODUH
FRUUHODWH VLJQL¿FDQWO\ LQYLROHQW VFKL]RSKUHQLDSDWLHQWVEXWQRW LQSDWLHQWV
ZLWKSHUVRQDOLW\GLVRUGHUV,WVHHPVSRVVLEOHWKDWWKLVGLVFUHSDQF\LQFRUUHOD
WLRQV¶SDWWHUQUHÀHFWVGLIIHUHQWELRJHQHVLVRIDJJUHVVLRQLQWKHVHJURXSVRI
IRUHQVLFSV\FKLDWULFSDWLHQWV
5HIHUHQFHV
0HOW]HU+<5RVV6WDQWRQ - 6FKOHVVLQJHU 6 0HDQ VHUXP FUHDWLQH
NLQDVHDFWLYLW\ LQSDWLHQWVZLWK IXQFWLRQDOSV\FKRVHV$UFKLYHVRI*HQHUDO
3V\FKLDWU\
,VDDFV -6<HVDYDJH -$  6HUXP FUHDWLQH SKRVSKRNLQDVH OHYHOV DQG
DVVDXOWLYHEHKDYLRURISV\FKRWLFSDWLHQWV3V\FKRORJLFDO0HGLFLQH

+LOOEUDQG06SLW]57)RVWHU+*.U\VWDO -+<RXQJ-/&UHDWLQH
NLQDVHHOHYDWLRQVDQGDJJUHVVLYHEHKDYLRULQKRVSLWDOL]HGIRUHQVLFSDWLHQWV
3V\FKLDWULF4XDUWHUO\
32
&HOO3UROLIHUDWLRQDQG1HXURQDO0DWXUDWLRQLQ$GXOW
+LSSRFDPSXVDIWHU$FXWHDQG&KURQLF$QWLGHSUHVVDQW
7UHDWPHQW
+ROJHU5RVHQEURFN
'HSWRI&165HVHDUFK%RHKULQJHU,QJHOKHLP3KDUPD*PE+	
&R.*%LEHUDFK*HUPDQ\
(OL]D.RURV'DJPDU.XJOHU$QLWD%ORFKLQJ)UDQN6DPV'RGG
2EMHFWLYHV$QLPDO VWXGLHV KDYH VKRZQ WKDW FKURQLF DQWLGHSUHVVDQW WUHDW
PHQW LQFUHDVHV DGXOW KLSSRFDPSDO QHXURJHQHVLV 0DOEHUJ HW DO 
7KH DLPRI WKLV VWXG\ZDV WR GHWHUPLQH WKH WLPH UHVSRQVH RI WKH QXPEHU
RISURJHQLWRUFHOOVDQGLPPDWXUHQHXURQVLQWKHGHQWDWHJ\UXVRIWKHDGXOW
UDWKLSSRFDPSXVDIWHUDQWLGHSUHVVDQWWUHDWPHQWE\XVLQJ.LDQG1HXUR'
LPPXQRÀXRUHVFHQFHDQDO\VLV7KHVHSURWHLQVDUHGHVFULEHGDVPDUNHUVIRU
DGXOWSURJHQLWRUFHOOVDQGLPPDWXUHQHXURQVUHVSHFWLYHO\.HHHWDO
6HNL,QDGGLWLRQWRH[SORUHFKDQJHVRIKLSSRFDPSDOV\QDSWLFSODVWLF
LW\%'1)SURWHLQOHYHOVZHUHDVVHVVHG
0HWKRGV$GXOW PDOH UDWV ZHUH WUHDWHG ZLWK LPLSUDPLQH  PJNJGD\
SRRUÀXR[HWLQHPJNJGD\SRIRURUGD\V$IWHUSHUIXVLRQ
RI DQLPDOV TXDQWLWDWLYH LPPXQRÀXRUHVFHQFH DQDO\VHV RI KLSSRFDPSDO
.LDQG1HXUR'SRVLWLYHFHOOVZHUHSHUIRUPHGDQGKLSSRFDPSDO%'1)
OHYHOVZHUHGHWHUPLQHGE\DQ(/,6$DSSURDFK
5HVXOWV&RQIRFDOPLFURVFRSLFDQDO\VHVRIWKHGHQWDWHJ\UXVGLGQRWUHYHDO
FRORFDOLVDWLRQ RI .L ZLWK 1HXUR' RU ZLWK 1HX1 *)$3 DQG &GE
PDUNHURIPDWXUHQHXURQVDVWURF\WHVDQGPLFURJOLDUHVSHFWLYHO\GHPRQ
VWUDWLQJWKHLUVHOHFWLYLW\DVQHXURJHQHVLVPDUNHUV$IWHUGD\VEXWQRW
RUGD\VRIWUHDWPHQWZLWKÀXR[HWLQHRULPLSUDPLQHDVLJQL¿FDQWLQFUHDVH
RI.LSRVLWLYHFHOOVLQFOXGLQJFHOOFOXVWHUVLQWKHVXEJUDQXODU]RQHDQG
KLOXVRIWKHGHQWDWHJ\UXVFRXOGEHIRXQG,QDGGLWLRQ1HXUR'SRVLWLYHFHOOV
ZHUH LQFUHDVHG LQ WKH VXEJUDQXODU ]RQH DIWHU GD\V+LJKHU QXPEHUV RI
.LSRVLWLYHFHOOVRUFHOOFOXVWHUVFRUUHODWHGVLJQL¿FDQWO\ZLWK LQFUHDVHG
QXPEHUVRI1HXUR'SRVLWLYHFHOOV$QDO\VHVRIKLSSRFDPSDO%'1)OHYHOV
XVLQJ(/,6$DUHRQJRLQJ
&RQFOXVLRQV 7KH UHVXOWV GHPRQVWUDWH DQ LQFUHDVHG FHOO SUROLIHUDWLRQ DQG
QHXURQDOPDWXUDWLRQLQWKHDGXOWUDWGHQWDWHJ\UXVDIWHUFKURQLFEXWQRWDFXWH
DQWLGHSUHVVDQW WUHDWPHQWXVLQJ.LDQG1HXUR'DV VSHFL¿FPDUNHUV UH
VSHFWLYHO\7KXVDQDO\VLVRIDGXOWKLSSRFDPSDOQHXURJHQHVLVE\XVLQJWKHVH
PDUNHUVPLJKWEHDYDOXDEOHDSSURDFKWRVHDUFKIRUQHZDQWLGHSUHVVDQWV
5HIHUHQFHV
.HHHWDO-1HXURVFL0HW
0DOEHUJHWDO-1HXURVFL
6HNL-1HXURVFL5HV
32
(IIHFWVRI,QWHUIHURQ$OSKDRQ0RQRDPLQH/HYHOVLQ5DW%UDLQ
7DNX6DWR
.LWDVDWR8QLYHUVLW\6FKRRORI0HGLFLQH-DSDQ
(LML6X]XNL0DVDPRWR<RNR\DPD6KLJHUX:DWDQDEH
+LWRVKL0L\DRND

2EMHFWLYHV,QWHUIHURQDOSKD,)1DOSKDWKHUDS\LVDYDLODEOHIRUWKHWUHDW
PHQWRIYLUDOLQIHFWLRQVDQGFDQFHU,WLQGXFHVPDQ\SV\FKLDWULFV\PSWRPV
GHSUHVVLRQEHLQJWKHPRVWFRPPRQ+RZHYHUWKHSDWKRSK\VLRORJLFPHFKD
QLVPRI,)1DOSKDLQGXFHGGHSUHVVLRQUHPDLQVXQFOHDU
,W KDV EHHQ VXJJHVWHG WKDWPRQRDPLQHUJLF V\VWHPV LQ WKH FHQWUDO QHUYRXV
V\VWHPDUHLQYROYHGLQWKHRFFXUUHQFHDQGUHJXODWLRQRIYDULRXVSV\FKLDWULF
V\PSWRPV7KHSUHVHQWVWXG\ZDVGHVLJQHG WR LQYHVWLJDWH WKH LQÀXHQFHRI
SHULSKHUDOO\ DGPLQLVWHUHG ,)1DOSKD RQ OHYHOV RI PRQRDPLQHV LQ WKH UDW
EUDLQ
0HWKRGV:HXVHGZHHNROGPDOH:LVWDUUDWV5DWVZHUH LQMHFWHGLQWUD
SHULWRQHDOO\ZLWK,)1DOSKDGDLO\IRUGD\DVDFXWHGD\VDVVXEDFXWHDQG
GD\VDVFKURQLFDGPLQLVWUDWLRQ'RVHVZHUHîîî
,8NJ 5DWV LQMHFWHG ZLWK VDOLQH DORQH ZHUH XVHG DV WKH FRQWURO JURXS
%UDLQVZHUHH[WUDFWHGKUVDIWHU WKHODVW LQMHFWLRQDQGZHUHGLYLGHGLQWR
WKH IURQWDO FRUWH[ VWULDWXP KLSSRFDPSXV DP\JGDOD WKDODPXV K\SRWKD
ODPXV FHUHEHOOXP DQG EUDLQ VWHP 1RUHSLQHSKULQH 1( PHWKH[\
K\GUR[\SKHQ\OJO\FRO 0+3* GRSDPLQH '$ GLK\GUR[\SKHQ\ODFHWLF
DFLG '23$& KRPRYDQLOOLF DFLG +9$ K\GUR[\WU\SWDPLQH +7
DQG K\GUR[\LQGROHDFHWLF DFLG +,$$ LQ KRPRJHQL]HG VDPSOHV ZHUH
PHDVXUHG E\ D KLJK SHUIRUPDQFH OLTXLG FKURPDWRJUDSK\HOHFWURFKHPLFDO
GHWHFWRUV\VWHP
5HVXOWV$WDGRVHRIî,8NJ1(DQG'$FRQFHQWUDWLRQVLQPRVWRI
WKHEUDLQUHJLRQVWHVWHGZHUHVLJQL¿FDQWO\KLJKHUWKDQWKRVHRIWKHFRQWURO
JURXS DIWHU DFXWH DGPLQLVWUDWLRQ1( OHYHOVZHUH VLJQL¿FDQWO\ ORZHU WKDQ
WKRVHRIWKHFRQWUROJURXSLQWKHDP\JGDODDIWHUFKURQLFDGPLQLVWUDWLRQZLWK
DOOGRVHVRI,)1DOSKD+7OHYHOVZHUHVLJQL¿FDQWO\ORZHUWKDQWKRVHRI
WKH FRQWURO JURXS LQ WKH K\SRWKDODPXV DIWHU FKURQLF DGPLQLVWUDWLRQ ZLWK
îDQGî,8NJRI,)1DOSKD
&RQFOXVLRQV2XU UHVXOWV VXJJHVW GDLO\ SHULSKHUDO DGPLQLVWUDWLRQ RI ,)1
DOSKD WR DIIHFW WKH OHYHOV RIPRQRDPLQHV LQ WKH EUDLQ î ,8NJ RI
,)1DOSKDLVDUHODWLYHO\KLJKGRVH7KLVPD\EHZK\WKH1(DQG'$OHYHOV
ZHUH KLJKHU WKDQ WKRVH RI WKH FRQWURO DIWHU DFXWH DGPLQLVWUDWLRQ )XUWKHU
VWXGLHV DUH QHFHVVDU\ WR GHWHUPLQHZKHWKHU WKHVH HIIHFWV RI ,)1DOSKD RQ
FHUHEUDO PRQRDPLQHV DUH LQYROYHG LQ WKH SDWKRSK\VLRORJ\ RI ,)1DOSKD
LQGXFHGGHSUHVVLRQ
"2!).¬&5.#4)/.¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
+RZHYHU LW VHHPV ZRUWK PHQWLRQLQJ WKDW DIWHU FKURQLF DGPLQLVWUDWLRQ
DP\JGDOLF1(DQGK\SRWKDODPLF+7OHYHOVZHUHORZHUWKDQWKHFRQWURO
ZKLFKLVFRQVLGHUHGWREHDQLPSRUWDQWDUHDRIHPRWLRQ
32
((*0LFURVWDWHVLQ3V\FKLDWU\
7KRPDV.RHQLJ
8QLYHUVLW\+RVSLWDORI&OLQLFDO3V\FKLDWU\%HUQ6ZLW]HUODQG
'DQLHOD+XEO'LHWULFK/HKPDQQ7KRPDV'LHUNV:HUQHU6WULN
2EMHFWLYHV(VVHQWLDOSDUWVRIKXPDQFRJQLWLRQDUHFRYHUW7KH\DUHQHLWKHU
GULYHQE\H[WHUQDOLQSXWQRUGRWKH\SURGXFHDQRYHUWUHVSRQVH7KHLQWHU
QDO FRJQLWLYH VWDWHPD\KRZHYHU EH D UHOHYDQW SULRU IRU WKH HYDOXDWLRQRI
H[WHUQDO LQIRUPDWLRQ DQG VHOHFWLRQRIEHKDYLRXUDO UHVSRQVHV&RYHUW EUDLQ
VWDWHV FDQ EHPHDVXUHG DQG TXDQWL¿HG XVLQJ D WRSRJUDSKLF ((* DQDO\VLV
WKDW SDUVHV WKH ((* LQWR SHULRGV RI TXDVLVWDEOH ¿HOG FRQ¿JXUDWLRQV VR
FDOOHGPLFURVWDWHV%\FODVVLI\LQJ WKHREVHUYHGPLFURVWDWHVEDVHGRQ WKHLU
¿HOGFRQ¿JXUDWLRQRQHFDQREWDLQLQGLYLGXDOSUR¿OHVRIPLFURVWDWHFODVVHV
WKDWDVVXPLQJO\ UHSUHVHQW LQGLYLGXDOSUR¿OHVRIFRJQLWLYHVWDWHV+HUHZH
ZDQWWRJLYHDQRYHUYLHZRIWKHW\SLFDOPLFURVWDWHSUR¿OHVLQQRUPDOVDQGLQ
SDWLHQWVZLWKVFKL]RSKUHQLDRUGHPHQWLD
0HWKRGV:HUHVXPHGDWDREWDLQHGGXULQJH\HVFORVHGUHVWLQJVWDWHIURPD
SRSXODWLRQRIQHDUO\KHDOWK\FRQWUROVRIGLIIHUHQWDJHVIURPVWXGLHVRQ
XQPHGLFDWHGSDWLHQWVZLWKVFKL]RSKUHQLDDQGIURPODUJHVWXGLHVLQYHVWL
JDWLQJSDWLHQWVZLWKYDULRXVGHJUHHVRIGHPHQWLD7KHDQDO\VLVLVEDVHGRQ
FOXVWHUVRIPLFURVWDWH¿HOGFRQ¿JXUDWLRQWKDWDUHFRPPRQO\LGHQWL¿HG
5HVXOWV &RPSDUHG WR QRUPDOV SDWLHQWV ZLWK VFKL]RSKUHQLD VKRZHG FRQ
VLVWHQWO\ VKRUWHU PLFURVWDWHV WKDQ FRQWUROV LQ DOO VWXGLHV 7KLV VKRUWHQLQJ
VHOHFWLYHO\DIIHFWVFHUWDLQFODVVHVRIPLFURVWDWHVVXJJHVWLQJWKHSUHPDWXUH
WHUPLQDWLRQRIFHUWDLQFRJQLWLYHVWDWHV'HPHQWHGSDWLHQWVVKRZDUHGXFHG
QXPEHURIPLFURVWDWHVWKDWDUHW\SLFDOIRUQRUPDODGXOWV7KLVVXJJHVWVWKDW
ODWHGHYHORSLQJFRJQLWLYHPHFKDQLVPVDUHDIIHFWHG¿UVWLQGHPHQWLD
&RQFOXVLRQV0LFURVWDWHDQDO\VLVSURYLGHV LQIRUPDWLRQDERXWDOWHUHGFRJ
QLWLYHSUR¿OHVRISV\FKLDWULFSDWLHQWVGXULQJ UHVW7KHVHDOWHUDWLRQVFDQEH
UHODWHGWRWKHPLFURVWDWHSUR¿OHVRIQRUPDOGHYHORSPHQWDOVWDJHVDQGEUDLQ
VWDWHVREVHUYHGGXULQJVSHFL¿FFRJQLWLYHWDVNV
32
$XGLWRU\(YRNHG3RWHQWLDOVGXULQJ$FRXVWLFKDOOXFLQDWLRQV
7KRPDV.RHQLJ
8QLYHUVLW\+RVSLWDORI&OLQLFDO3V\FKLDWU\%HUQ6ZLW]HUODQG
'DQLHOD+XEO7KRPDV'LHUNV:HUQHU6WULN
2EMHFWLYHV$XGLWRU\ KDOOXFLQDWLRQV $+ DUH SHUFHSWLRQV LQ WKH DEVHQFH
RI DQ H[WHUQDO DXGLWRU\ VWLPXOXV 1HYHUWKHOHVV GXULQJ$+ DFWLYDWLRQ RI
WKH SULPDU\ DXGLWRU\ FRUWH[ KDV EHHQ GHVFULEHG FRPSDUDEOH WR UHVSRQVHV
WRH[WHUQDOVWLPXOL$XGLWRU\HYRNHGSRWHQWLDOV$(3PHDVXUHVWLPXOXVLQ
GXFHGDFWLYDWLRQRISULPDU\DQGVHFRQGDU\DXGLWRU\FRUWH[,QWKLVVWXG\ZH
LQYHVWLJDWHGWKHLQWHUIHUHQFHVRIKDOOXFLQDWLRQVRQWKHSURFHVVLQJRIH[WHUQDO
DXGLWRU\VWLPXOL
0HWKRGVULJKWKDQGHGVFKL]RSKUHQLDSDWLHQWVZLWKIUHTXHQW$+OLVWHQHG
WR VLPSOH EHHSVZKLOH ((*ZDV UHFRUGHG'XULQJ WKH UHFRUGLQJ SDWLHQWV
LQGLFDWHGZKHQWKH\SHUFHLYHG$+$YHUDJH$(3ZHUHFRPSXWHGVHSDUDWHO\
IRUSHULRGVZLWKDQGZLWKRXW$+$PSOLWXGHDQGVSDWLDOGLVWULEXWLRQRIWKH
HYRNHGSRWHQWLDOVZHUHFRPSDUHGEHWZHHQSHULRGVZLWKDQGZLWKRXW$+XV
LQJJOREDOVWDWLVWLFDOWHVWVDQG/25(7$VRXUFHORFDOL]DWLRQ
5HVXOWV'XULQJ$+DOOSDWLHQWVKDG VPDOOHU WRWDO DPSOLWXGHRI WKH1
FRPSRQHQW7KH1VSDWLDOFRQ¿JXUDWLRQZDVVLJQL¿FDQWO\GLIIHUHQWEH
WZHHQWKHWZRFRQGLWLRQVLQGLFDWLQJWKDWGLIIHUHQWJHQHUDWRUVZHUHLQYROYHG
LQWKHSURFHVVLQJRIWKHVWLPXOL/25(7$VRXUFHORFDOL]DWLRQLQGLFDWHGWKDW
WKHVH GLIIHUHQFHVZHUH ORFDWHG SUHGRPLQDQWO\ LQ WKH OHIW WHPSRUDO FRUWH[
2WKHUFRPSRQHQWVRIWKHHYRNHGSRWHQWLDOVZHUHQRWFKDQJHG
&RQFOXVLRQV2XU¿QGLQJV VXJJHVW WKDW GXULQJ$+ WKH DPSOLWXGHV RI WKH
$(3ZHUHUHGXFHGGXHWRDQLQWHUQDOSUHDFWLYDWLRQRIWKHDXGLWRU\FRUWH[
7KXV$+ FRPSHWHZLWK WKH H[WHUQDO VWLPXOL IRU UHVRXUFHV LQ WKH DXGLWRU\
FRUWH[7KH HIIHFW VHHPV VWURQJHU LQ WKH GRPLQDQW OHIW KHPLVSKHUH7KH
¿QGLQJ¿WVLQWRSUHYLRXVUHSRUWVRIDOWHUHGVWUXFWXUDOFRQQHFWLYLW\EHWZHHQ
ODQJXDJHUHODWHGDQGDXGLWRU\UHJLRQVLQSDWLHQWVSURQHWR$++XEOHWDO

5HIHUHQFHV
+XEO'.RHQLJ76WULN:)HGHUVSLHO$.UHLV5%RHVFK&0DLHU6(
6FKURWK*/RYEODG.'LHUNV73DWKZD\VWKDWPDNHYRLFHVZKLWH
PDWWHUFKDQJHVLQDXGLWRU\KDOOXFLQDWLRQV$UFK*HQ3V\FKLDWU\
32
3RVWHU6HVVLRQ1R
32
%L3KDVLF0RGXODWLRQRI&5+LQ5DW%UDLQ$IWHU&KURQLF
6WUHVV
0LNLR$VDNXUD
'HSDUWPHQWRI1HXURSV\FKLDWU\6W0DULDQQD8QLYHUVLW\6FKRRORI
0HGLFLQH-DSDQ
+LGHDNL1DJDVKLPD6KLJHWR.DQDL7DNXML+LVKLQXPD
'DLVXNH7DQDND
2EMHFWLYHV&KURQLFPLOGRUPRGHUDWHVWUHVVHOLFLWVDQDGDSWLYHFKDQJHLQ
FHQWUDOQHUYRXVV\VWHPVWKDWIXQFWLRQWRPDLQWDLQKRPHRVWDVLV7KHSULQFLSDO
FRPSRQHQWVRIVWUHVV UHVSRQVHDUH WKHH[WUDK\SRWKDODPLFFRUWLFRWURSLQUH
OHDVLQJKRUPRQH&5+DQGWKHORFXVFRHUXOHXV/&QRUHSLQHSKULQH1(
V\VWHPV&5+ LV NQRZQ WR SURGXFH YDULRXV VWUHVV DQ[LHW\ DQG DURXVDO
DVVRFLDWHGEHKDYLRUVLQDQLPDOV0RUHRYHU&5+FDXVHVDQLQFUHDVHLQWKH
¿ULQJUDWHDQGDQDFWLYLW\RIW\URVLQHK\GUR[\ODVH7+LQWKH/&DQG1(
UHOHDVH LQ/& SURMHFWLRQ DUHDV ,W LV WKRXJKW WKDW FKURQLF LQHVFDSDEOH DQG
XQSUHGLFWDEOHYDULDEOHVWUHVVFDQUHVXOWLQDVXVWDLQHGG\VUHJXODWLRQRIERWK
&5+DQG/&1(QHXUDOV\VWHPV,QWKHSUHVHQWVWXG\ZHKDYHLQYHVWLJDWHG
WKHLQÀXHQFHRIFKURQLFYDULDEOHVWUHVV&96IRUGD\VRQWKH&5+DQG
7+LPPXQRUHDFWLYLW\LULQWKHVSHFL¿FEUDLQUHJLRQVRIWKHUDW
0HWKRGV$GXOWPDOH:LVWDUUDWVJZHUHXVHG&96VHVVLRQVZHUH
SHUIRUPHGDVGHVFULEHG5RWKDQG.DW]5DWVZHUHUDQGRPO\H[SRVHG
WRRQHVWUHVVRUSHUDGD\GXULQJGD\VDVIROORZLQJVL[VWUHVVRUVUHVWUDLQW
LQDZLUHPHVKKWDLOSLQFKE\PHWDOFOLSPLQFROGVZLPDW&PLQ
ZDWHU GHSULYDWLRQ  K IRRG GHSULYDWLRQ  K 6KDNLQJ E\ D KRUL]RQWDO
VKDNHUDWKLJKVSHHGK$PLOGIRRWVKRFNZDVVXEMHFWHGDVDQRYHOVWUHV
VRUKDIWHUWKHODVWVWUHVVRURI&96G5DWVZHUHDQHWKHWL]HGDQGSHU
IXVHGWUDQVFDUGLDOO\ZLWKD¿[DWLRQEXIIHU%UDLQVZHUHFRURQDU\VHFWLRQHG
DWPZLWKFU\RVWDW6HFWLRQVZHUHLPPXQRKLVWRFKHPLFDOO\VWDLQHGE\WKH
DYLGLQELRWLQFRPSOH[XVLQJWKHDQWL&5+SRO\FORQDODQWLERG\JHQHURXVO\
GRQDWHGE\'U:\OLH
5HVXOWV7KHUHZDVDVLJQL¿FDQWGHFUHDVHRIWKH&5+LUOHYHOVLQSDUDYHQ
WULFXODUQXFOHXV391WKHFHQWUDOQXFOHXVRIWKHDP\JGDOH&H$DQGWKH
EHGQXFOHXVRIWKHVWULDWHUPLQDOLV%167KDIWHUWKHODVWVWUHVVRURI&96
IRUGD\V&96GDQGIROORZHGE\DIXUWKHUGHFUHDVHKODWHU2QWKH
RWKHUKDQGDPLOGIRRWVKRFNDQRYHOVWUHVVRUFDXVHGDPDUNHG&5+LUUH
VSRQVHKDIWHU&96GZKLOHDPLOGIRRWVKRFNKDGQRVLJQL¿FDQWHIIHFW
RQ&5+LULQHLWKHUEUDLQUHJLRQVRIFRQWUROKDQGOLQJDQLPDOV)XUWKHUPRUH
ZH IRXQG D PLPLFNHG ELSKDVLF DOWHUDWLRQ RI 7+ LQ /& DIWHU VDPH &96
VHVVLRQV
&RQFOXVLRQV2XUUHVXOWVGHPRQVWUDWHWKDWFKURQLFYDULDEOHVWUHVVFDXVHVD
VWUHVVVHQVLWL]DWLRQ DQG D GRZQUHJXODWLRQ RI ERWK&5+DQG1(QHXURQDO
DFWLYLWLHVLQVSHFL¿FEUDLQUHJLRQV7KLVFKURQLFVWUHVVLQGXFHGELGLUHFWLRQDO
DQGELSKDVLFDOPRGXODWLRQRI&5+DQG/&1(QHXURQDOV\VWHPVPD\FRQ
WULEXWHWRDSDWKRSK\VLRORJ\DQGDJHQHUDWLRQRIWKHYDULRXVFOLQLFDOIHDWXUHV
RIWKHPDMRUGHSUHVVLRQ
32
(IIHFWRIDQP*OX5$QWDJRQLVWLQ5RGHQW7HVWVRI$Q[LHW\
DQG&RJQLWLRQ
7KHUHVD0%DOODUG
)+RIIPDQQ/D5RFKH6ZLW]HUODQG
0DULH/:RROOH\(ULF3ULQVVHQ-|UJ+XZ\OHU5LFKDUG3RUWHU
:LOO6SRRUHQ
2EMHFWLYHV$QWDJRQLVWV DW WKHPHWDERWURSLF JOXWDPDWH  P*OX UHFHS
WRU SURGXFH UREXVW DQ[LRO\WLF HIIHFWV LQ D QXPEHU RI UDW WHVWV 6SRRUHQ
DQG *DVSDULQL  +RZHYHU WKHUH LV HYLGHQFH WKDW P*OX UHFHSWRU
DQWDJRQLVWVPD\DOVRLPSDLUZRUNLQJPHPRU\DQGVSDWLDOOHDUQLQJIROORZLQJ
"2!).¬&5.#4)/.¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
LQWUDFHUHEURYHQWULFXODU DGPLQLVWUDWLRQ %DOVFKXQ DQG:HW]HO  1DLH
DQG0DQDKDQ9DXJKDQ 7KH DLP RI WKLV VWXG\ZDV WR FRPSDUH WKH
HIIHFWRIV\VWHPLFDGPLQLVWUDWLRQRIWKHSRWHQWDQGVHOHFWLYHP*OXUHFHSWRU
DQWDJRQLVW03(3PHWK\OSKHQ\OHWK\Q\OSLSHULGLQHZLWKGLD]HSDP
LQURGHQWWHVWVRIDQ[LHW\DQGFRJQLWLRQ
0HWKRGV03(3PJNJZDVDVVHVVHGLQWKHUDWLQWKHIROORZLQJDQ[L
HW\DQGFRJQLWLRQWHVWVPLQIROORZLQJRUDODGPLQLVWUDWLRQ*HOOHU6HLIWHU
FRQÀLFW &RQGLWLRQHG HPRWLRQDO UHVSRQVH &(59RJHO FRQÀLFW 'HOD\HG
PDWFKWRSRVLWLRQ'0730RUULVZDWHUPD]H3ODVPDDQGEUDLQVDPSOHV
ZHUHFROOHFWHGLPPHGLDWHO\IROORZLQJWKH9RJHOWHVWIRUDQDO\VLVRI03(3
OHYHOVDWWKHWLPHRIWHVWLQJ'LD]HSDPPJNJLSZDVLQFOXGHGZLWKLQ
WKHVDPHH[SHULPHQWIRUWKHWZRFRQÀLFWWDVNVDQGZDVWHVWHGVHSDUDWHO\LQ
9RJHOFRQÀLFWPJNJSR'073PJNJLSDQG0RUULVZDWHU
PD]HPJNJLS
5HVXOWV03(3KDGDVLJQL¿FDQWDQ[LRO\WLFHIIHFWFRPSDUDEOHLQPDJQLWXGH
WRGLD]HSDPDWPJNJLQWKHWZRFRQÀLFWDQG&(5WDVNV7KHUHZDVQR
HIIHFWRI03(3XSWRPJNJRQZRUNLQJPHPRU\LQWKH'073WDVNEXWDW
PJNJWKHUHZDVDVLJQL¿FDQWUHGXFWLRQLQFKRLFHDFFXUDF\DWWKHORQJHVW
GHOD\LQWHUYDOV03(3PJNJGLGQRWVLJQL¿FDQWO\LPSDLUVSDWLDO
OHDUQLQJ LQ WKH0RUULVZDWHUPD]HDOWKRXJKGXULQJ WKH ODVWSUREH WULDO
PJNJWUHDWHGUDWVZHUHVLJQL¿FDQWO\OHVVDFFXUDWHWKDQFRQWUROV,QFRQWUDVW
GLD]HSDPVLJQL¿FDQWO\LPSDLUHGSHUIRUPDQFHLQERWKWKH'073DQG0RUULV
ZDWHUPD]HWHVWV$VVHVVPHQWRISODVPDDQGEUDLQFRQFHQWUDWLRQRI03(3
DSSUR[LPDWHO\PLQIROORZLQJRUDODGPLQLVWUDWLRQVKRZHGDGRVHOLQHDULW\
IURPWRPJNJDQGJRRGEUDLQSHQHWUDWLRQLHDEUDLQSODVPDUDWLRRI

&RQFOXVLRQV2UDODGPLQLVWUDWLRQRIWKHVHOHFWLYHP*OXUHFHSWRUDQWDJRQLVW
03(3LQGXFHVDUREXVWDQ[LRO\WLFOLNHHIIHFWLQUDWFRQÀLFWWHVWVFRPSDUDEOH
LQPDJQLWXGHWRWKDWVHHQZLWKGLD]HSDP+RZHYHULQFRQWUDVWWRGLD]HSDP
03(3GRHVQRWLPSDLUZRUNLQJPHPRU\RUVSDWLDOOHDUQLQJDWDQDQ[LRO\WLF
GRVHUDQJH
5HIHUHQFHV
%DOVFKXQ ':HW]HO :  ,QKLELWLRQ RI P*OX EORFNV KLSSRFDPSDO
/73 LQ YLYR DQG VSDWLDO OHDUQLQJ LQ UDWV 3KDUPDFRO %LRFKHP %HKDY 
±
1DLH.0DQDKDQ9DXJKDQ'5HJXODWLRQE\PHWDERWURSLFJOXWDPDWH
UHFHSWRURI/73LQWKHGHQWDWHJ\UXVRIIUHHO\PRYLQJUDWVUHOHYDQFHIRU
OHDUQLQJDQGPHPRU\IRUPDWLRQ&HUHEUDO&RUWH[
6SRRUHQ:*DVSDULQL)P*OXUHFHSWRUDQWDJRQLVWV$QRYHOFODVVRI
DQ[LRO\WLFV"'UXJ1HZVDQG3HUVSHFWLYHV
32
7KH(IIHFWRI6HURWRQLQ5HFHSWRUVRQ'HILFLWVLQ33,,QGXFHG
E\0.
9HUD%XEHQtNRYi
3UDJXH3V\FKLDWULF&HQWHUDQGUGIDFXOW\RI0HGLFLQH&]HFK
5HSXEOLF
-LUt+RUiFHN7RPiã3iOHQtFHN
2EMHFWLYHV 3UHSXOVH LQKLELWLRQ RI WKH VWDUWOH UHVSRQVH 33, PHDVXUHV
VHQVRULPRWRU JDWLQJ 'H¿FLWV LQ VHQVRULPRWRU JDWLQJ KDYH EHHQ REVHUYHG
LQSDWLHQWVZKRVXIIHUIURPVFKL]RSKUHQLD%UDIIHWDO ,QDQLPDOV
WKH QRQFRPSHWLWLYH DQWDJRQLVW RI 10'$ UHFHSWRUV 0. SURGXFHV
GLVUXSWLRQRI33,DQGRWKHUVFKL]RSKUHQLDOLNHEHKDYLRU*H\HUHWDO
5HFHQWO\LQFUHDVHGDWWHQWLRQLVGLUHFWHGWRZDUGWKHUROHRIWKHVHURWRQHUJLF
V\VWHP LQ VFKL]RSKUHQLD7KH DLP RI RXU VWXG\ZDV WR LQYHVWLJDWH WKH HI
IHFW RI GLIIHUHQW GRVHV RI D +7$ UHFHSWRU DJRQLVW 2+'3$7 DQG D
+7$& UHFHSWRU DQWDJRQLVW ULWDQVHULQ RQ GH¿FLWV LQ 33, LQGXFHG E\
0.WUHDWPHQW
0HWKRGV0DOH:LVWDUUDWVZHUHWUHDWHGE\0.PJNJLSDQGE\
2+'3$7PJNJDQGPJNJVFRU ULWDQVHULQ PJNJDQG
PJNJVF7KH0.DQG2+'3$7ULWDQVHULQZHUHDGPLQLVWUDWHG
VLPXOWDQHRXVO\PLQXWHVEHIRUHWKHH[SHULPHQW&RQWUROUDWVUHFHLYHGWKH
FRUUHVSRQGLQJYHKLFOH7KHVFKHGXOH IRU33, 65/$%6DQ'LHJR,QVWUX
PHQWVZDVPRGL¿HGIURPWKDWRI6FKXO]HWDO
5HVXOWV $GPLQLVWUDWLRQ RI 2+'3$7 LQGXFHG GRVHGHSHQG GH¿FLWV LQ
33, ,QWHUHVWLQJO\ WKH ORZGRVHRI2+'3$7KDGD WUHQG WR UHVWRUH WKH
GH¿FLWV LQ33, WKDWZHUH LQGXFHGE\0.EXW WKHKLJKGRVHRI2+
'3$7ZRUVHQHG WKH GH¿FLWV 2Q WKH RWKHU KDQG ERWK GRVHV RI ULWDQVHULQ
UHVWRUHGWKH0.LQGXFHGGH¿FLWV,QDGGLWLRQULWDQVHULQLWVHOIKDGQR
HIIHFWRQVSRQWDQHRXV33,
&RQFOXVLRQV2XUUHVXOWVVKRZWKDWRQO\DQDQWDJRQLVWRI+7$&UHFHS
WRUVZDVDEOHWRUHVWRUHWKHGH¿FLWVLQ33,LQGXFHGE\0.ZLWKQRHIIHFW
RQVSRQWDQHRXV33,)XUWKHUPRUHRXU¿QGLQJVLQGLFDWHWKDWWKHHIIHFWRID
+7$ UHFHSWRU DJRQLVW \LHOGV RSSRVLWH LQÀXHQFHV DW LWV ORZ DQG DW KLJK
GRVH RQ WKH GH¿FLWV LQ 33, LQGXFHG E\0.7KHVH ¿QGLQJV FRXOG EH
H[SODLQHGDVHYLGHQFHWKDWDJRQLVWVRI+7$UHFHSWRUVFDQSUHIHUHQWLDOO\
DFWLYDWHSUHV\QDSWLFUHFHSWRUVDWORZGRVHV7KLVZRUNZDVVXSSRUWHGE\WKH
JUDQWV0(<60DQG0+&51/
5HIHUHQFHV
%UDII '/ HW DO +XPDQ VWXGLHV RI SUHSXOVH LQKLELWLRQ RI VWDUWOH
QRUPDOVXEMHFWVSDWLHQWJURXSVDQGSKDUPDFRORJLFDOVWXGLHV3V\FKRSKDU
PDFRORJ\
*H\HU 0$ HW DO 3KDUPDFRORJLFDO VWXGLHV RI SUHSXOVH LQKLELWLRQ
PRGHOVRIVHQVRULPRWRUJDWLQJGH¿FLWVLQVFKL]RSKUHQLDDGHFDGHLQUHYLHZ
3V\FKRSKDUPDFRORJ\
6FKXO]%HW DO 6HQ]LWL]DWLRQRISUHSXOVH LQKLELWLRQGH¿FLWVE\ UH
SHDWHGDGPLQLVWUDWLRQRIGL]RFLOSLQH3V\FKRSKDUPDFRORJ\
32
'\QDPLFVRI1HXUDO6WHP&HOOV8QGHU6WUHVV&RQGLWLRQV
6HLML+LWRVKL
1DWLRQDO,QVWLWXWHIRU3K\VLRORJLFDO6FLHQFHV-DSDQ
1RULNR0DUXWD.D]XKLUR,NHQDND
2EMHFWLYHV 1HXUDO VWHP FHOOV H[LVW LQ GHYHORSLQJ PDPPDOLDQ EUDLQV DV
ZHOO DV LQ DGXOW EUDLQV ,Q WKH URGHQW DGXOW EUDLQ WKRVH FHOOV FRQWLQXH WR
SURYLGHQHXURQVLQVSHFL¿FUHJLRQVVXFKDVROIDFWRU\EXOEDQGKLSSRFDPSXV
WKURXJKRXWOLIHVSDQ:KLOHWKHQHXUDOVWHPFHOOSRVVHVVHVVHOIUHQHZDOFDSD
ELOLW\DQGPXOWLSRWHQWLDOLW\WKHPHFKDQLVPVXQGHUO\LQJWKHPDLQWHQDQFHDQG
GLIIHUHQWLDWLRQ UHPDLQ ODUJHO\XQNQRZQ7KH VL]HRIQHXUDO VWHPFHOOSRRO
LQWKHDGXOWEUDLQFRXOGEHDOWHUHGE\VHYHUDOIDFWRUVDQGSV\FKLDWULFVWUHVV
FRQGLWLRQVPLJKWEHRQHRIWKRVHIDFWRUV
0HWKRGV:HXWLOL]HGWZRNLQGVRIVWUHVVPRGHOIRUFHGVZLPPLQJGDLO\IRU
ZHHNVIRUDGXOWPLFHDQGHDUO\GHSULYDWLRQIRUQHRQDWDOSXSVZKHUHWKH\
ZHUHLQGLYLGXDOO\VHSDUDWHGIURPWKHLUGDP1XPEHUVRIQHXUDOVWHPFHOOVLQ
WKHEUDLQZHUHGHWHUPLQHGE\DFRORQ\IRUPLQJQHXURVSKHUHDVVD\
5HVXOWVWKHQXPEHUVRIQHXUDOVWHPFHOOLQWKHDGXOWEUDLQZHUHUHGXFHGLQ
WKHPLFHZKLFKXQGHUZHQWIRUFHGVZLPPLQJVWUHVVDQGWKLVHIIHFWVHHPHG
WR EHPHGLDWHG E\ VWUHVV KRUPRQH JOXFRFRUWLFRLGV ,Q FRQWUDVW HDUO\ OLIH
VWUHVVE\HDUO\GHSULYDWLRQLQFUHDVHGWKHQXPEHUVRIQHXUDOVWHPFHOODQGWKLV
HIIHFWSHUVLVWHGLQDGXOWKRRG6HURWRQHUJLFQHXURQDOV\VWHPVHHPHGWRSOD\
LPSRUWDQWUROHVLQWKHUHJXODWLRQRIWKHQHXUDOVWHPFHOOSRROVL]H
&RQFOXVLRQV3V\FKLDWULFVWUHVVLVRQHRIIDFWRUVWKDWFRQWUROWKHQHXUDOVWHP
FHOONLQHWLFVDQGQHXURJHQHVLVLQWKHDGXOWEUDLQ7KRVHHIIHFWVRIWKHVWUHVV
FRXOGEHYLDWKHDFWLRQRIJOXFRFRUWLFRLGVDQGVHURWRQHUJLFV\VWHPERWKRI
ZKLFKDUHPRRGUHODWHG7KHVHUHVXOWVVXJJHVWWKDWDOWHUHGQHXURJHQHVLVLQ
WKHDGXOWEUDLQLVUHODWHGWRDIIHFWLYHGLVRUGHUVLQKXPDQ
5HIHUHQFHV
+LWRVKL6HWDO1RWFKSDWKZD\PROHFXOHVDUHHVVHQWLDOIRUWKHPDLQ
WHQDQFHEXWQRW WKHJHQHUDWLRQRIPDPPDOLDQQHXUDO VWHPFHOOV*HQHV	
'HYHORSPHQW
32
$QWLSV\FKRWLF'UXJV5HJXODWH'HQGULWLF6SLQH3ODVWLFLW\LQ
+LSSRFDPSDO1HXURQV
2OJD.U\ORYD
3V\FKLDWU\&(''*OD[R6PLWK.OLQH8.
+DQQDK&ULWFKORZ-HUHP\6NHSSHU3HWHU0D\FR[
2EMHFWLYHV$QWLSV\FKRWLFGUXJVKDYHEHHQXVHGWRWUHDWVFKL]RSKUHQLDIRU
GHFDGHV EXW WKH FHOOXODUPHFKDQLVP RI WKHLU DFWLRQV UHPDLQV WR EH HOXFL
GDWHG ,Q DGGLWLRQ WR WKHLU GRSDPLQHUJLFVHURWRQHUJLF IXQFWLRQ FOR]DSLQH
DQG RWKHU SUHVHQWO\ XVHG DW\SLFDO DQWLSV\FKRWLFV GLIIHU IURP FRQYHQWLRQDO
DQWLSV\FKRWLFVLQWKHZD\WKH\DIIHFWYDULRXVDVSHFWVRIJOXWDPDWHUJLFUHFHS
WRU IXQFWLRQ$ FHOOXODU FRUUHODWH RI WKLV HIIHFWPD\ EH WKHPRGXODWLRQ RI
QXPEHU DQG PRUSKRORJ\ RI GHQGULWLF VSLQHV 'HQGULWLF VSLQHV DUH KLJKO\
DEXQGDQW LQJOXWDPDWHUJLFS\UDPLGDOQHXURQVRIKLSSRFDPSXVDSULQFLSDO
VLWHRISDWKRORJ\LQVFKL]RSKUHQLD+HUHZHH[DPLQHGWKHHIIHFWRIWUHDWPHQW
ZLWKW\SLFDOKDORSHULGRORUDW\SLFDOFOR]DSLQHDQWLSV\FKRWLFVRQWKHH[
"2!).¬&5.#4)/.¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
SUHVVLRQRIGHQGULWLFVSLQHSURWHLQVSLQRSKLOLQDQGSXQFWDRISRVWV\QDSWLF
PDUNHU6KDQNDLQGLVVRFLDWHGKLSSRFDPSDOQHXURQDOFXOWXUHVWRGHWHUPLQH
LIWKH\UHJXODWHV\QDSWRJHQHVLVDQGVSLQRJHQHVLV
0HWKRGV'LVVRFLDWHGKLSSRFDPSDOQHXURQVIURP(UDWVZHUHFXOWXUHGIRU
DQGGD\VLQYLWURDQGKDORSHULGRODQG0DQGFOR]DSLQH
DQG0ZHUHDGGHGWRWKHFXOWXUHPHGLXPIURPGD\
5HVXOWV&OR]DSLQHWUHDWPHQWFDXVHGDGRVHGHSHQGHQWLQFUHDVHLQVSLQRSKL
OLQ SURWHLQ OHYHO E\ XS WR  S DW 0 ZKHUHDV KDORSHULGRO
GHFUHDVHGVSLQRSKLOLQH[SUHVVLRQE\DW0FRQFHQWUDWLRQS
LQGD\VLQYLWURQHXURQV,QGD\FXOWXUHVKRZHYHUWKHWUHQGFRQWLQ
XHGEXWWKHFKDQJHVZHUHLQVLJQL¿FDQW$QDO\VLVRI6KDQNDSXQFWDXVLQJ
FRQIRFROPLFURVFRS\FRUUHODWHGZLWKVSLQRSKLOLQGDWDZLWK0FOR]DSLQH
DGPLQLVWUDWLRQ LQFUHDVLQJ6KDQNDSXQFWDQXPEHU LQERWKDQGGD\V
LQ YLWUR FXOWXUHV S ,QWHUHVWLQJO\ WKLV HIIHFW ZDV VLJQL¿FDQW IRU
GHQGULWHV SUR[LPDO WR WKH FHOO ERG\ DQG UHPDLQHG D WUHQG IRU VHFRQGDU\
RUGHUGHQGULWHV+DORSHULGRODW0FDXVHGD WUHQG WRZDUGVGHFUHDVH LQ
WKH6KDQNDSXQFWDQXPEHU,QFRQWUDVWZHGLGQRWREVHUYHDQ\FKDQJHVLQ
WKHOHYHOVRISUHV\QDSWLFSURWHLQV\QDSVLQE\HLWKHUGUXJ
&RQFOXVLRQV 7KH GLIIHUHQW HIIHFWV RI DQWLSV\FKRWLF DFWLRQV RQ GHQGULWLF
VSLQHDQGV\QDSWLFSODVWLFLW\PD\DFFRXQWIRUWKHGLIIHUHQWWKHUDSHXWLFSUR
¿OHVRIWKHWZRDJHQWV2XU¿QGLQJVFRXOGSURYLGHDQLQVLJKWLQWRPROHFXODU
DQGFHOOXODUPHFKDQLVPRI³DW\SLFDOLW\´RIDQWLSV\FKRWLFGUXJV
5HIHUHQFHV
+HUHVFR/HY\8 *OXWDPDWHUJLF QHXURWUDQVPLVVLRQPRGXODWLRQ DQG
WKHPHFKDQLVPVRI DQWLSV\FKRWLF DW\SLFDOLW\3URJ1HXURSV\FKRSKDUPDFRO
%LRO3V\FKLDWU\S
/DZ$- HW DO  5HGXFHG VSLQRSKLOLQ EXW QRWPLFURWXEXOHDVVRFLDWHG
SURWHLQ  H[SUHVVLRQ LQ WKH KLSSRFDPSDO IRUPDWLRQ LQ VFKL]RSKUHQLD DQG
PRRG GLVRUGHUV PROHFXODU HYLGHQFH IRU D SDWKRORJ\ RI GHQGULWLF VSLQHV
$P-3V\FKSS
32
'LVVRFLDWLRQRI%HKDYLRXUDODQG(QGRFULQH5HVSRQVHVWR
,QWHUPLWWHQW0RUSKLQHLQ0LFH
0DUWLQ0O\QiULN
,QVWLWXWHRI([SHULPHQWDO(QGRFULQRORJ\6ORYDN$FDGHP\RI6FL
HQFHV%UDWLVODYD6ORYDNLD
'yUD=HOHQD*iERU%0DNDUD'DQLHOD-HåRYi
2EMHFWLYHV%RWKEHKDYLRXUDOVHQVLWL]DWLRQDQGFKDQJHVLQ+3$D[LVDFWLYLW\
DUHWKRXJKWWRSOD\DQLPSRUWDQWUROHLQWKHGHYHORSPHQWRIGUXJDGGLFWLRQ
:HWHVWHGZKHWKHUZHOONQRZQEHKDYLRXUDOVHQVLWL]DWLRQWRLQWHUPLWWHQWDG
PLQLVWUDWLRQRIPRUSKLQHLVDFFRPSDQLHGE\VHQVLWL]DWLRQRIK\SRWKDODPR
SLWXLWDU\DGUHQDO+3$D[LVUHSUHVHQWHGE\DGUHQRFRUWLFRWURSLQH$&7+
DQGFRUWLFRVWHURQHUHVSRQVHV
0HWKRGV0DOHPLFHZHUHLQMHFWHGVXEFXWDQHRXVO\E\PJNJPRUSKLQH
RUVDOLQHHYHU\KIRUGD\VLQMHFWLRQVDQGWKHHIIHFWVZHUHFRPSDUHG
WRWKRVHDIWHUVLQJOHGUXJLQMHFWLRQ7KHPLFHZHUHGHFDSLWDWHGPLQDIWHU
WKH ODVW WUHDWPHQW $&7+ DQG FRUWLFRVWHURQH OHYHOV ZHUH GHWHUPLQHG E\
UDGLRLPPXQRDVVD\V'HYHORSPHQWRIORFRPRWRUVHQVLWL]DWLRQZDVDVVHVVHG
LQDVHSDUDWHJURXSRIDQLPDOV
5HVXOWV,QWHUPLWWHQWDGPLQLVWUDWLRQRIWKHVDPHGRVHRIPRUSKLQHUHVXOWHG
LQ D JUDGXDO LQFUHDVH LQ ORFRPRWRU DFWLYLW\ FRQ¿UPLQJ EHKDYLRXUDO VHQ
VLWL]DWLRQ $&7+ DV ZHOO DV FRUWLFRVWHURQH OHYHOV LQFUHDVHG VLJQL¿FDQWO\
LQ UHVSRQVH WRPRUSKLQH:KLOH$&7+ OHYHOV LQ UHVSRQVH WR WKH ODVW WK
PRUSKLQH LQMHFWLRQZHUH IRXQG WR EH ORZHU FRPSDUHG WR WKRVH LQ DFXWHO\
PRUSKLQH WUHDWHGPLFHQRVLJQL¿FDQWGLIIHUHQFHVEHWZHHQ WKHDFXWHO\DQG
UHSHDWHGO\WUHDWHGJURXSVZHUHREVHUYHGLQFDVHRIFRUWLFRVWHURQH
&RQFOXVLRQV :H FRQFOXGH WKDW ORFRPRWRU VHQVLWL]DWLRQ WR LQWHUPLWWHQW
PRUSKLQHDGPLQLVWUDWLRQLQPLFHLVDFFRPSDQLHGE\DGHFUHDVHUDWKHUWKDQ
DQLQFUHDVHLQ$&7+UHVSRQVH8QFKDQJHGOHYHOVRISODVPDFRUWLFRVWHURQH
GHPRQVWUDWH DQ DEVHQFHRI WROHUDQFH DQG VXJJHVW SRVVLEOH LQYROYHPHQWRI
$&7+XQUHODWHGPHFKDQLVPV2EWDLQHGGDWDDUHLQVXSSRUWWRWKHK\SRWKHVLV
WKDW VHQVLWL]DWLRQRI$&7+DQGFRUWLFRVWHURQH UHVSRQVHV LVQRWFUXFLDO IRU
H[SUHVVLRQRIEHKDYLRXUDOVHQVLWL]DWLRQWRGUXJVRIDEXVH
32
&RUUHODWLRQEHWZHHQWKH6KRUW6HURWRQLQ7UDQVSRUWLQJ*HQH
DQG9DULRXV3V\FKLDWULF'LVRUGHUVZLWK'HSUHVVLYH6\PSWRP
(GXDUGR5XELR
3V\FKLDWU\+RVSLWDO3WH7RUFXDWRGH$OYHDU%XHQRV$LUHV
$UJHQWLQD
3DWULFLD&KLHUL(GXDUGR5RGUtJXH]*DULQ0LJXHO'LH]
3ULPDURVD&KLHUL$OHMDQGUR7UHYLViQ
,QWURGXFWLRQ:H KDYH VWXG\ D JURXS RI SDWLHQWVZLWK VHYHUDO SV\FKLDWU\
GLVRUGHUV KRVSLWDOL]HG IRU WKHLU GHSUHVVLYH V\PSWRPV DQG LQYHVWLJDWH WKH
WZR YHUVLRQV VO RI WKH +77 JHQH7KH VKRUW RU ³6´ DOOHOH D FRPPRQ
EDVHSDLUGHOHWLRQLQWKH+77SURPRWRUUHJLRQNQRZQDVWKHVKRUWRU
³6´DOOHOHRIWKHVHURWRQLQKWWJHQHOLQNHGSRO\PRUSKLFUHJLRQ+77/35
DSSHDUWREHDVVRFLDWHGZLWKUHGXFHGHI¿FLHQF\RIWUDQVFULSWLRQ
RIVHURWRQLQRUVHURWRQLQXSWDNHLQYLWUR3UHYLRXVVWXGLHVKDYHIRXQG
WKDWWKHVKRUWYHUVLRQPDNHVWKHLQGLYLGXDOYXOQHUDEOHWRGHSUHVVLRQZKLOH
WKHORQJYHUVLRQSURYLGHVSURWHFWLRQ7KHDLPRIWKLVVWXG\LVWRFKHFN
ZKHWKHUWKHUHLVDQLQWHUUHODWLRQEHWZHHQLQGLYLGXDOVFDUU\LQJWKHJHQHVKRUW
YDULDQWQRWRQO\ LQSDWLHQWVZKRKDYHEHHQGLDJQRVHGZLWKPDMRUGHSUHV
VLRQ EXW DOVR LQ WKRVH VKRZLQJ D GHSUHVVLYH V\QGURPH DORQJ WKH FRXUVH
RIDQRWKHUSV\FKLDWULFGLVRUGHU$OOSDWLHQWVZHUHFRPSDUHGZLWKDFRQWURO
JURXSLQZKLFKWKHSRO\PRUSKLVPRIWKHJHQHZDVVWXG\
0HWKRGV)RUW\SDWLHQWVLQ3V\FKLDWULF(PHUJHQF\&DXFDVLDQ/DWLQPDOH
DQGIHPDOHEHWZHHQWKHDJHVRI±ZKRZHUHKRVSLWDOL]HGZLWKGHSUHV
VLYHV\PSWRPLQGHSHQGHQWO\IURPWKHLU'60,9GLDJQRVLVZKHQGLVFKDUJHG
ZHUHVWXGLHG([FOXVLRQFULWHULDLQFOXGHGSUHJQDQF\EUHDVWIHHGLQJXQVWD
EOHSK\VLFDOGLVRUGHUDQGRUJDQLFPHQWDOGLVRUGHU
3HUVRQDO GDWD ZHUH UHFRUGHG ZLWK UHIHUHQFH WR SHUVRQDO GHWDLOV EDFN
JURXQGVXLFLGDODWWHPSWVKHUHGRIDPLOLDOEDFNJURXQGVXEVWDQFH
FRQVXPSWLRQ LPSXOVLYLW\  SV\FKLDWULF WUHDWPHQW VR IDU DQG SUHYLRXV
KRVSLWDOL]DWLRQV
$OOVXEMHFWVVLJQHGZULWWHQLQIRUPHGFRQVHQWEHIRUHHQWU\IRUPDOVWXG\
'HSUHVVLYHV\PSWRPVZHUHDVVHVVHGDFFRUGLQJWR%HFNVFDOHLPSXOVLY
LW\%XFFDOVZDEVVDPSOHVZHUHREWDLQHGE\VZDEELQJWRFDUU\RXW
WKHFRUUHVSRQGLQJJHQHWLFVWXG\
+77/35 *HQRW\SH *HQRPLF '1$ ZDV H[WUDFWHG IURP EXFFDO VZDEV
XVLQJ&KHOH[7RJHQHUDWHESVKRUWDOOHOHRUESORQJDOOHOH
IUDJPHQWVSRO\PHUDVHFKDLQUHDFWLRQ3&5DPSOL¿FDWLRQZDVSHUIRUPHGLQ
D¿QDOYROXPHRIȝOFRQWDLQLQJQJRIJHQRPLF'1$$ȝODOLTXRW
RI3&5SURGXFWZDVUHVROYHGRQDJDURVHJHO7%([DQGJHQRW\SH
ZDVGHWHUPLQDWHE\WKHVL]HRIWKHIUDJPHQWV
5HVXOWV 3UHOLPLQDU\ VWXGLHV RI WKH JURXS XQGHU REVHUYDWLRQ VKRZ D WHQ
GHQF\ DPRQJ SDWLHQWVZLWK GHSUHVVLYH V\PSWRP DQG LPSXOVLYLW\ WR FDUU\
WKHVKRUWYHUVLRQRIWKHVHURWRQLQWUDQVSRUWLQJJHQHLQSDWLHQWVZLWKVFKL]R
SKUHQLD  SHUVRQDOLW\ GLVRUGHU ELSRODU GLVRUGHU  VFKL]RDIIHFWLYH
GLVRUGHU VXEVWDQFH XVH GLVRUGHU PD\RU GHSUHVVLRQ DQG DQ[LHW\ GLVRUGHU
GLDJQRVLVDFFRUGLQJ'60,9
&RQFOXVLRQV7KHUHVHHPVWREHDWHQGHQF\QRWRQO\DPRQJPDMRUGHSUHV
VLYHSDWLHQWVEXWDOVRDPRQJ WKRVHVKRZLQJGHSUHVVLYHV\PSWRPDQG LP
SXOVLYLW\DORQJWKHFRXUVHRIDQRWKHUSV\FKLDWULFGLVRUGHUWRFDUU\WKHVKRUW
YHUVLRQRIWKHVHURWRQLQWUDQVSRUWLQJJHQH
5HIHUHQFHV
 %HFK 3 *UDP /) 'HLQ ( -DFREDVHQ 29LWJHU - %ROZLQJ7* 
4XDQWLWDWLYHUDWLQJRIGHSUHVVLYHVDWHV$FWD3V\FKLDWU6FDQG
+HLOV$7HXIHO$3HWUL66WREHU*5LHUGHUHU3%HQJHO'/HVFK.3
$OOHOLFYDULDWLRQRIKXPDQVHURWLQLQWUDQVSRUWHUJHQHH[SUHVVLRQ-
1HXURFKHP
 *UHHQEHUJ %' 7ROOLYHU 7- +XDQJ 6- /L 4 %HQJHO ' 0XUSK\ '/
*HQHWLFYDULDWLRQLQWKHVHURWRQLQWUDQVSRUWHUSURPRWHUUHJLRQDIIHFWV
VHURWRQLQXSWDNHLQKXPDQEORRGSODWHOHWV$P-0HG*HQHW
$YVKDORP &DVSL .DUHQ 6XJGHQ7HUULH ( 0RI¿WW$ODQ 7D\ORU ,DQ:
&UDLJ+RQD/HH+DUULQJWRQ-RVHSK0F&OD\-RQDWKDQ0LOO-XG\0DUWLQ
$QWRQ\%UDLWKZDLWH5LFKLH3RXOWRQ,QÀXHQFHRIWKHOLIHVWUHVVRQGHSUHV
VLRQ0RGHUDWLRQE\WKHSRO\PRUSKLVPLQWKH+77*HQH6FLHQFHYRO

 5R\ +3HUOLV'DYLG 0LVFKRXORQ³6HURWRQLQ 7UDQVSRUW 3RO\PRUSKLVPV
DQG$GYHUVH
(IIHFWVZLWK)OXR[HWLQH7UHDWPHQW´%LROR3V\FKLDWU\
$VEHUJ0)RUVOXQG.1HXURELRORJLFDODVSHFWVRIVXLFLGDOEHKDY
LRU,QW5HY3V\FKLDWU\
%HOOLYLHU)+HQU\&6]RNH$6FKXUQRII)1RVWHQEHUWUDQG0)HLQJROG
"2!).¬&5.#4)/.¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
-HWDO 6HURWLQLQ WUDQVSRUWHUJHQHSRO\PRUSKLVPV LQSDWLHQWVZLWK
XQLSRODURUELSRODUGHSUHVVLRQ1HXURVFL/HWW
%HOOLYLHU)6]RHNH$+HQU\&/DFRVWH-%RWWRV&1RVWHQEHUWUDQG0
HWDO3RDDLEOHDVVRFLDWLRQEHWZHHQVHURWRQLQWUDQVSRUWHUJHQHSRO\
PRUSKLVPDQGYLROHQWVXLFLGDOEHKDYLRULQPRRGGLVRUGHUV%LRO3V\FKLDWU\

%RQG\%(UIXUWK$'H-RQJH6.UXHJHU00H\HU+3RVVLEOH
DVVRFLDWLRQ RI WKH VKRUW DOOHOH RI WKH VHURWRQLQ WUDQVSRUWHU SURPRWHU JHQH
SRO\PRUSKLVPZLWKYLROHQWVXLFLGH0RO3V\FKLDWU\
&KRQJ6$/HH:/7DQ&+7D\$+1&KDQ$207DQ(& 
DWWHPSWHG VXLFLGH DQG SRO\PRUSKLVP RI WKH VHURWRQLQ WUDQVSRUWHU JHQH LQ
&KLQHVHSDWLHQWVZLWKVFKL]RSKUHQLD3V\FKLDWU\5HV
/HVFK.3%HQJHO'+HLOV$6DERO6=*UHHQEHUJ%'3HWUL6HWDO
$VVRFLDWLRQRIDQVLHW\UHODWHGWULWVZLWKDSRO\PRUSKLVPLQWKHVHURW
RQLQWUDQVSRUWHUJHQHUHJXODWRU\UHJLRQ6FLHQFH
 =DOVPDQ * )ULVFK $ %URPEHUJ 0 *HOHUQWHU - 0LFKDHORYVN\ (
&DPSLQR$HWDO)DPLO\EDVHGDVVRFLDWLRQVWXG\RIVHURWRQLQWUDQV
SRUWHUSURPRWHULQVXLFLGDODGROHVFHQWV1RDVVRFLDWLRQZLWKVXLFLGDOLW\EXW
SRVVLEOHROHLQYLROHQFHWUDLWV$P-0HG*HQHW
32
*HQHWLF9DULDWLRQLQWKH'RSDPLQH'5HFHSWRU'5'
3URPRWHU0RGXODWHV([WUDYHUVLRQLQ&DXFDVLDQV
3KLOLSS6DQG
'HSWRI3V\FKLDWU\8QLYHUVLW\RI5HJHQVEXUJ*HUPDQ\
*|UDQ+DMDN%HUWKROG/DQJJXWK3HWHU(LFKKDPPHU
2EMHFWLYHV7KH'5'JHQHKDVORQJEHHQLPSOLFDWHGLQ1RYHOW\6HHNLQJ
DQGUHODWHGSHUVRQDOLW\GLPHQVLRQV7KHPDMRULW\RILQYHVWLJDWLRQVLQWRWKLV
DVVRFLDWLRQUHODWHWRDQH[RQ,,,ES9175ZKLFKKRZHYHUKDVSURYHQ
GLI¿FXOWWRLQWHUSUHWLQWHUPVRILWVIXQFWLRQDOLPSDFW:HWKHUHIRUHK\SRWK
HVL]HG WKDW WKHRULJLQDO¿QGLQJVPD\SULPDULO\ UHÀHFWYDULDWLRQZLWKLQ WKH
'5'UHJXODWRU\VHTXHQFHDQGFKDQJHVLQJHQHH[SUHVVLRQOHYHOV
0HWKRGV,QWKHSUHVHQWVWXG\DESSURPRWHUOHQJWKSRO\PRUSKLVPDQG
D7!&FRUHSURPRWHUYDULDQWZHUHDVVHVVHGLQKHDOWK\YROXQWHHUV
PDOHVDQGIHPDOHVXVLQJ3&5EDVHGDVVD\V$OOVXEMHFWVFRPSOHWHG
WKH*HUPDQYHUVLRQRIWKH1(2)),TXHVWLRQQDLUH$QDO\VHVRIYDULDQFHDQG
FRYDULDQFHVHUYHGWRGHWHUPLQHWKHHIIHFWRISURPRWHUJHQRW\SHVRQHDFKRI
WKH¿YHSHUVRQDOLW\VFDOHV
5HVXOWV	&RQFOXVLRQV&DUULHUVRIWKHVKRUWES'5'SURPRWHUUHSHDW
VKRZHGVLJQL¿FDQWO\KLJKHUPHDQ1(2)),([WUDYHUVLRQVFRUHVUHODWLYHWR
RWKHUVXEMHFWVS :KHQJHQGHUDQGJHQRW\SHVIURPERWKSURPRWHUYDU
LDQWVZHUHLQFOXGHGLQDQLQWHUDFWLRQPRGHOFRUUHFWHGIRUDJHWKLVDFFRXQWHG
IRURYHURI WKHYDULDQFH LQ([WUDYHUVLRQ7KHVH¿QGLQJV VXJJHVW WKDW
'5'H[SUHVVLRQLVUHOHYDQWWRWKLVSHUVRQDOLW\GLPHQVLRQ
32
7KH'RSDPLQH'5HFHSWRU'5'*HQH3URPRWHU/HQJWK
9DULDQWLQ$GXOW6XEMHFWVZLWK$'+'
3KLOLSS6DQG
'HSWRI3V\FKLDWU\8QLYHUVLW\RI5HJHQVEXUJ*HUPDQ\
3HWHU(LFKKDPPHU5DLQHU/DXIN|WWHU%HUWKROG/DQJJXWK
*|UDQ+DMDN
2EMHFWLYHV$WWHQWLRQGH¿FLW K\SHUDFWLYLW\ GLVRUGHU $'+' LV D ODUJHO\
KHULWDEOH DQG FRPPRQ FRQGLWLRQ WKDW RIWHQ SHUVLVWV LQWR DGROHVFHQFH DQG
DGXOWKRRG 3DWLHQWV W\SLFDOO\ H[SHULHQFH LPSDLUPHQWV LQ DFDGHPLF VRFLDO
DQGRFFXSDWLRQDOIXQFWLRQLQJRZLQJWRLPSXOVLYLW\DQGDUHGXFHGDWWHQWLRQ
VSDQ2QWKHJURXQGVRIDOLNHO\LQYROYHPHQWRIGRSDPLQHUJLFQHXURWUDQV
PLVVLRQ LQ WKH HWLRORJ\ RI$'+' YDULDWLRQ DW WKH GRSDPLQH' UHFHSWRU
'5'JHQHKDVEHFRPHDPDMRUIRFXVRIUHVHDUFK
0HWKRGV ,Q WKLV RULJLQDO LQYHVWLJDWLRQRI DGXOW VXEMHFWVZLWK$'+'ZH
DVVHVVHGWKH'5'ESSURPRWHUUHSHDWLQDIIHFWHGLQGLYLGXDOVDQGLQ
DFRQWUROSRSXODWLRQRIKHDOWK\VXEMHFWVXVLQJ3&5EDVHGDVVD\V
5HVXOWV	&RQFOXVLRQV:KLOHDKLJKHUSURSRUWLRQRI$'+'SDWLHQWVZDV
IRXQGWRFDUU\WKHVKRUWESUHSHDWDOOHOHUHODWLYHWRKHDOWK\FRQWUROVWKH
GLIIHUHQFHGLGQRWUHDFKVWDWLVWLFDOVLJQL¿FDQFH7RJHWKHUZLWKHDUOLHU¿QG
LQJVLQ$'+'FKLOGUHQ%DUUHWDOWKLVLQGLFDWHVWKDWDGGLWLRQDOIDF
WRUVPD\PRGXODWHHIIHFWVRIWKH'5'UHJXODWRU\UHJLRQLQDGXOW$'+'
5HIHUHQFHV
%DUU&/)HQJ<:LJJ.*6FKDFKDU57DQQRFN55REHUWV:0DORQH0
.HQQHG\-/µXQWUDQVODWHGUHJLRQRIWKHGRSDPLQH'UHFHSWRUJHQH
DQGDWWHQWLRQGH¿FLWK\SHUDFWLYLW\GLVRUGHU$P-0HG*HQHW%
32
$OEXPLQ&RQIRUPDWLRQDQG7KLRO5HDFWLYLW\LQ0HQWDO
'LVHDVHV
1DWDOLD6PROLQD
5HVHDUFK,QVWLWXWHIRU3K\VLFDO&KHPLFDO0HGLFLQH5XVVLD
7DWLDQD6RNRORYD<XUL\*U\]XQRY/\XERY¶.RSDHYD
(GZDUG0LVLRQ]KQLN0DUDW8]EHNRY
2EMHFWLYHV 7KH VWDWH RI DQWLR[LGDQW V\VWHP FRQWULEXWHV WR SDWKRJHQHWLF
PHFKDQLVPVRIPHQWDOGLVRUGHUV$YHU\LPSRUWDQWFRPSRQHQWRIWKHDQWL
R[LGDWLYH GHIHQVLYH V\VWHP RI EORRG SODVPD DUH KLJKO\ UHDFWLYH WKLRO RI
F\VWHLQUHVLGXHRIVHUXPDOEXPLQ,QSUHVHQWZRUNZHVWXGLHGWKHLQWHU
UHODWLRQEHWZHHQF\VWKLROUHDFWLYLW\DQGFRQIRUPDWLRQDOFKDQJHVRI6$
GXH WR QRQHVWHUL¿HG IDWW\ DFLGV 1()$ ELQGLQJ WR LWVPROHFXOH LQ VRPH
PHQWDOGLVHDVHV
0HWKRGV)LYHSDWLHQWVZLWKSDUDQRLGVFKL]RSKUHQLDSDWLHQWVZLWKSDUD
QRLGVFKL]RSKUHQLDDFFRPSDQLHGE\DOFRKRODEXVHDOFRKROLFSDWLHQWVZHUH
XQGHUREVHUYDWLRQ)LYHKHDOWK\YROXQWHHUVZHUHLQWKHFRQWUROJURXS6DP
SOHVRI DOEXPLQ IUDFWLRQRISDWLHQWV¶ DQGYROXQWHHUV¶ VHUXPZHUHREWDLQHG
XVLQJ WZRSKDVH V\VWHP ZLWK 3(* 7KH FRQFHQWUDWLRQ RI 6$ WKLROV
ZDVGHWHUPLQHGE\(OOPDQPHWKRGZLWK¶GLWKLRELVQLWUREHQ]RLFDFLG
'71%LQSUHVHQFHRI6'6$FFHVVLELOLW\RIDOEXPLQWKLROVZDVGHWHUPLQHG
DVDUDWHFRQVWDQWRIWKHUHDFWLRQRIIRUPDWLRQRIPHUFDSWLGFRPSOH[RI6$
ZLWK '71% LQ DEVHQFH RI WKH GHWHUJHQW /HYHO RI 6$ ERXQG 1()$ ZDV
PHDVXUHGZLWKHQ]\PDWLFDVVD\5DQGR[
5HVXOWV,QSUHVHQWH[SHULPHQWVWKHQRUPRIWKLROFRQFHQWUDWLRQLQDOEXPLQ
IUDFWLRQ ZDV    FRQFHQWUDWLRQ RI 6+ RI 6$ F\V  6$
FRQFHQWUDWLRQ
7KH VLJQL¿FDQW GHFUHDVH RI FRQFHQWUDWLRQ RI UHGXFHG6$ WKLROV LQ VFKL]R
SKUHQLFSDWLHQWVDVZHOODVLQDOFRKROLFV±RI6+6$ZDVUHYHDOHG
7KHDFFHVVLELOLW\RI6$WKLROVLQQRUPZDVPLQ,WVLJQL¿FDQWO\
GHFUHDVHG  PLQ S LQ VFKL]RSKUHQLF SDWLHQWV 6$ DQG
LW WHQGHG WR LQFUHDVH  S LQ DOFRKROLFV 7KH VLJQL¿FDQW
FRUUHODWLRQ 5 EHWZHHQDFFHVVLELOLW\RI6$6+JURXSVDQG1()$WR
DOEXPLQPRODU UDWLRZDVREVHUYHG7KHGDWD LV GLVFXVVHG LQ FRQFHUQZLWK
DQWLR[LGDQWSURSHUWLHVRIDOEXPLQDQG WKHGHYHORSPHQWRIR[LGDWLYHVWUHVV
LQPHQWDOGLVRUGHUV
&RQFOXVLRQV7KHDELOLW\RIDOEXPLQWKLROVWRSDUWLFLSDWHLQUHGR[UHDFWLRQLQ
SV\FKLDWULFDLOPHQWVLVFKDQJHGFRPSDULQJZLWKGRQRUV7KHDFFHVVLELOLW\RI
6$WKLROVDQGWKXVLWVDQWLR[LGDQWUHDFWLYLW\GHSHQGVRQFRQIRUPDWLRQRI6$
PROHFXOHDQGLVDIIHFWHGE\1()$ELQGLQJWRDOEXPLQJOREXOH
32
&ORQLQJRID1RYHODQG'6HULQH,QGXFLEOH7UDQVFULSWGVU
*R7DQLJXFKL
7RN\R0HGLFDODQG'HQWDO8QLYHUVLW\*UDGXDWH6FKRRO-DSDQ
1DRNL<DPDPRWR+LGHWR7VXFKLGD$VDPL8PLQR'DL6KLPD]X
6KLQLFKLUR6DNXUDL+LURQDR7DNHED\DVKL7RUX1LVKLNDZD
2EMHFWLYHV '6HULQH KDV QRZ EHHQ FRQVLGHUHG WR EH DQ HQGRJHQRXV FR
DJRQLVW RI WKH10'$ UHFHSWRU LQ WKHPDPPDOLDQ EUDLQ 6HYHUDO OLQHV RI
HYLGHQFH LQGLFDWH WKDW LPSDLUHG JOXWDPDWH WUDQVPLVVLRQ YLD WKH 10'$
UHFHSWRUPD\EHLQYROYHGLQWKHSDWKRSK\VLRORJ\RIDQGEHDWDUJHWIRUWKH
GHYHORSPHQW RI D QRYHO SKDUPDFRWKHUDS\ IRU QHXURSV\FKLDWULF GLVRUGHUV
LQFOXGLQJ VFKL]RSKUHQLD DQG VSLQRFHUHEHOODU DWD[LD 7KHUHIRUH WR REWDLQ
LQVLJKW LQWR WKH SRVVLEOH UHODWLRQVKLS EHWZHHQ EUDLQ 'VHULQH V\VWHP DQG
QHXURSV\FKLDWULFGLVRUGHUVZHKDYHH[SORUHGWKHFDQGLGDWHPROHFXOHVWKDW
UHJXODWH'VHULQHPHWDEROLVPRUIXQFWLRQV
0HWKRGV:H KDYH WULHG WR LGHQWLI\ WKH WUDQVFULSWV WKDW DUH UHVSRQVLYH WR
'VHULQHLQWKHQHRFRUWH[RIWKHGD\ROGLQIDQWUDWE\DGLIIHUHQWLDOFORQ
LQJWHFKQLTXHDQ51$DUELWUDULO\SULPHG3&5DQGDTXDQWLWDWLYH573&5
PHWKRG
5HVXOWV :H KDYH LVRODWHG D QRYHO DQG 'VHULQH EXW /VHULQH LQGXF
LEOH WUDQVFULSW GVU 'VHULQHUHVSRQVLYH WUDQVFULSW WKDW LV H[FOXVLYHO\
"2!).¬&5.#4)/.¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
H[SUHVVHG LQ WKHEUDLQ6HTXHQFHDQDO\VLVRI WKHFRUUHVSRQGLQJF'1$V WR
WUDQVFULSWKDVUHYHDOHGWKDWGVUP51$FRQVLVWVRIQXFOHRWLGHVZLWK
DQ25)HQFRGLQJDPLQRDFLGV7KHGVUJHQHLVORFDWHGRQWKHUHYHUVH
VWUDQGZLWKLQDQLQWURQRIWKHQHXUH[LQĮJHQHPDSSHGRQWKHUDWFKURPR
VRPHT7KHUHJLRQDOGLVWULEXWLRQSDWWHUQRIWKHFRQVWLWXWLRQDOH[SUHV
VLRQRIGVUDQG LWVRQWRJHQLFFKDQJHV LQ WKHEUDLQDUHFORVHO\FRUUHODWHG
ZLWKWKRVHRIIUHH'VHULQHFRQWHQWDQGRIWKH10'$UHFHSWRU5%VXEXQLW
P51$EXWDUHSDUWO\GLIIHUHQWIURPWKRVHRIQHXUH[LQĮWUDQVFULSW
&RQFOXVLRQV7KHVH¿QGLQJVVXJJHVWWKDWGVUPD\EHLQYROYHGLQ'VHU
LQHPHWDEROLVP DQGRU IXQFWLRQV DQG LQ WKH LQWHUDFWLRQV DPRQJ'VHULQH
10'$UHFHSWRUDQGQHXUH[LQĮLQWKHPDPPDOLDQEUDLQ
32
,GHQWLILFDWLRQRI'LIIHUHQWLDOO\([SUHVVHG*HQHVLQWKH%UDLQV
RI6XLFLGH9LFWLPVD0LFURDUUD\$QDO\VLV6WXG\
$QGUHDV7KDOPHLHU
'HSDUWPHQWRI3V\FKLDWU\/XGZLJ0D[LPLOLDQV8QLYHUVLW\
0XQLFK*HUPDQ\
,QD*LHJOLQJ,VDEHOOD'LHWULFK%DUEDUD6FKQHLGHU
+DQV-UJHQ0|OOHU$QQHWWH0+DUWPDQQ'DQ5XMHVFX
2EMHFWLYHV 6XLFLGH LV DPDMRU SXEOLF KHDOWK SUREOHP FDXVLQJPRUH WKDQ
GHDWKVLQ*HUPDQ\HDFK\HDU$GRSWLRQDQGIDPLO\VWXGLHVLQGLFDWH
WKDWVXLFLGDOEHKDYLRXUKDVDKHULWDELOLW\RIDERXWEXWWKHUHVSRQVL
EOHJHQHVKDYH\HWWREHLGHQWL¿HG
0HWKRGV:HFRQGXFWHGDODUJHVFDOHJHQHH[SUHVVLRQDQDO\VLVXVLQJN
PLFURDUUD\VWRLGHQWLI\QHZFDQGLGDWHJHQHVIRUVXLFLGH51$ZDVLVRODWHG
IURPSRVWPRUWHPEUDLQWLVVXHRIVXEMHFWVZKRGLHGE\VXLFLGHDQGFRQWURO
VXEMHFWVZKRGLHGIURPRWKHUFDXVHV7KHWZRJURXSVZHUHPDWFKHGE\WLV
VXHS+ DJH JHQGHU DQGSRVWPRUWHP LQWHUYDO51$TXDOLW\ DQG LQWHJULW\
ZDVDVVHVVHGE\HYDOXDWLRQRIWKH6DQG6ULERVRPDOXQLWV7KHTXDQWLW\
ZDVPHDVXUHGE\GHWHUPLQDWLRQRIDEVRUEDQFHDWQPDQGD5LER*UHHQ
DVVD\ $IWHU UHYHUVH WUDQVFULSWLRQ WKH REWDLQHG F'1$ ZDV ÀXRUHVFHQWO\
ODEHOOHGDQGK\EULGL]HGWRROLJRQXFOHRWLGHDUUD\V
5HVXOWV:HIRXQGVHYHUDOJHQHVWREHGLIIHUHQWLDOO\H[SUHVVHGLQWKHFRUWH[
RIVXLFLGHFRPSOHWHUV
&RQFOXVLRQV 7KH GLIIHUHQWLDOO\ H[SUHVVHG JHQHV PD\ EH QHZ FDQGLGDWH
JHQHVIRUVXLFLGDOEHKDYLRXU&URVVYDOLGDWLRQH[SHULPHQWVXVLQJTXDQWLWD
WLYH573&5DUHXQGHUZD\
32
'HILFLWRI3HULFDSLOODU2OLJRGHQGURF\WHVLQ6FKL]RSKUHQLF
%UDLQV
9LFWRU9RVWULNRY
0HQWDO+HDOWK5HVHDUFK&HQWHU5XVVLDQ)HGHUDWLRQ
'LDQD2UORYVND\D1DWDO\D8UDQRYD
2EMHFWLYHV7KHUHLVLQFUHDVLQJHYLGHQFHRIVHYHUHSDWKRORJ\RIROLJRGHQGUR
F\WHV 2/ LQ VFKL]RSKUHQLD 6=7KHVH GDWD LQFOXGHG UHGXFHG IUDFWLRQDO
DQLVRWURS\ LQ WKHZKLWHPDWWHU REVHUYHG E\ EUDLQ LPDJLQJ DEQRUPDOLWLHV
LQ H[SUHVVLRQ RI OLSLG DQG P\HOLQUHODWHG JHQHV (OHFWURQ PLFURVFRS\
GHPRQVWUDWHGVLJQVRIQHFURVLVDQGDSRSWRVLVRI2/LQWKHSUHIURQWDOFRUWH[
3)&LQ6=DQGELSRODUGLVRUGHULQFOXGLQJWKRVHORFDWHGDGMDFHQWWRFDSLO
ODULHV8UDQRYDHWDO2XUUHFHQWPRUSKRPHWULFVWXG\RIWKH3)&RI
SRVWPRUWHPVFKL]RSKUHQLFEUDLQVUHYHDOHGSURPLQHQWUHGXFWLRQRIQXPHULFDO
GHQVLW\RISRSXODWLRQRI2/DQGRIWKHQXPEHURIROLJRGHQGURJOLDOVDWHOOLWHV
RIS\UDPLGDOQHXURQVLQWKH3)&DUHDLQ6=ELSRODUGLVRUGHUDQGPDMRU
GHSUHVVLRQ8UDQRYDHWDO1XPHULFDOGHQVLW\RI2/ZDVVLJQL¿FDQWO\
ORZHULQDUHDOD\HU9,DQGLQDGMDFHQWZKLWHPDWWHULQ6=DVFRPSDUHGWR
QRUPDOFRQWUROV9RVWULNRYHWDO7KHSUHVHQWVWXG\H[WHQGVRXUTXDQ
WLWDWLYHH[DPLQDWLRQRI2/WRYHULI\ZKHWKHUWKHUHLVDGH¿FLWRISHULFDSLOODU
2/LQWKH3)&LQ6=
0HWKRGV&DSLOODULHVDQGSHULFDSLOODU2/ZHUHYLVXDOL]HGLQ/X[ROIDVWEOXH
DQG FUHV\O YLROHW VWDLQHG  P WKLFN SDUDI¿Q VHFWLRQV ,Q WKHVH VHFWLRQV
2/KDYHVPDOOURXQGRURYDOQXFOHLZLWKUHODWLYHGHQVHQXFOHDUFKURPDWLQ
VWDLQLQJDQGQDUURZULPRIF\WRSODVPWKH\PRVWO\DSSHDUHGRUGHUHGLQURZV
DQGDGKHUHGWRWKHFDSLOODU\ZDOOV7KHQXPEHURI2/SHUPPFDSLOODU\
OHQJWKZDV HVWLPDWHG LQ WKH3)& DUHD OD\HU9  SRVWPRUWHPEUDLQV
IURPSDWLHQWVZLWK6=DQGQRUPDOFRQWUROVXEMHFWVPDWFKHGE\DJHJHQGHU
DQGSRVWPRUWHPGHOD\KRXUVZHUHXVHG
5HVXOWV 3HULFDSLOODU2/ RIWHQ FORVHO\ RSSRVHG WR HDFK RWKHU DQG IRUPHG
FOXVWHUVLQFRQWUROEUDLQVZKHUHDVLQ6=FODVWHUVZHUHPRUHUDUHO\VHHQ7KH
QXPEHURISHULFDSLOODU2/GHFUHDVHGVLJQL¿FDQWO\LQWKH3)&LQ6=JURXSDV
FRPSDUHGWRFRQWUROV) S 
&RQFOXVLRQV7KLVLVWKH¿UVWUHSRUWWKDWGHPRQVWUDWHGGH¿FLWLQSRSXODWLRQ
RISHULFDSLOODU2/LQWKH3)&LQ6=3HULFDSLOODU2/SOD\DQLPSRUWDQWUROH
LQUHJXODWLRQRILRQLFKRPHRVWDVLVDQGZDWHUGLIIXVLRQ'H¿FLWRISHULFDSLO
ODU2/PLJKWFRUUHODWHZLWKUHGXFHGIUDFWLRQDODQLVRWURS\UHYHDOHGLQZKLWH
PDWWHU LQ 6= DQG VXJJHVWV D QHZ PHFKDQLVP RI LQYROYHPHQW RI 2/ LQ
SDWKRSK\VLRORJ\RI6=
5HIHUHQFHV
8UDQRYD1$HWDO(OHFWURQPLFURVFRS\RIROLJRGHQGURJOLDLQVHYHUH
PHQWDOLOOQHVV%UDLQ5HV%XOO
8UDQRYD1$HWDO2OLJRGHQGURJOLDOGHQVLW\LQWKHSUHIURQWDOFRUWH[
LQVFKL]RSKUHQLDDQGPRRGGLVRUGHUVDVWXG\IURPWKH6WDQOH\1HXURSDWKRO
RJ\&RQVRUWLXP6FKL]RSKU5HV
9RVWULNRY90 HW DO  /RZHUHG ROLJRGHQGURJOLDO FHOO GHQVLW\ LQ WKH
SUHIURQWDO FRUWH[ LQ VFKL]RSKUHQLD=K1HYURO3VLNKLDWU ,P66.RUVDNRYD

32
1HXURWUDQVPLWWHU3RO\PRUSKLVPLQ30'')RFXVRQ73+
DQG'5DQG+773U
*LVOHQH&9DODGDUHV
%LRORJLFDO6FLHQFH,QVWLWXWHDQG:RPHQ0HQWDO+HDOWK6HUYLFH
&OLQLFDV+RVSLWDO%UD]LO
0DUFR$XUHOLR5RPDQR6LOYD+XPEHUWR&RUUrD:ROIDQJD/HQW]
(ULFR&RVWD
2EMHFWLYHV7RFRPSDUHIXQFWLRQLQJSRO\PRUSKLVPUHODWHGWRVHURWRQHUJLF
DQGGRSDPLQHUJLFQHXURWUDQVPLVVLRQLQ30''ZRPHQ;FRQWUROJURXSDQG
WRHYDOXDWHDVVRFLDWLRQVEHWZHHQWKHVHSRO\PRUSKLVPDQG30''SDWWHUQV
0HWKRGV30''FRQ¿GHQFHEHWZHHQVDQGVZLWKUHJXODU
PHQVWUXDOF\FOHVLQIRUPHGFRQVHQWVLJQHGZLWKRXWRWKHUDFWLYHSV\FKLDWULF
RUSK\VLFDOLOOQHVVD[LVQRWLOOLWHUDWHRUEOLQG3DWLHQWVZHUHDVVHVVHGE\
30'''60,9FULWHULD0,1,3OXV+DP$+DP'%HFN'0$'56
6$6 %XUV'XUNHH LPSXOVLYLW\ WHVW 482/ DQG /D]DUXV YLWDO KLVWRU\
7KH\¿OODSURVSHFWLYHGLDU\35,60DQGKDGELRFKHPLVWU\KRUPRQDOH[
DPV7KHQDEORRGVDPSOHZHUHFROOHFWHGIRUSRO\PRUSKLVPDQDO\VLVDFFRUG
LQJWR-HDQSLHUUH%RRPHWDOSURWRFROVEHIRUH3&5UHDFWLRQWR
DPSOLI\HDFKVWXGLHGH[RQIUDJPHQWIROORZHGE\GLJHVWLRQZLWKUHVWULFWLRQ
HQ]\PHIUDJPHQWHOHFWURSKRUHVLVDQDO\VLVFRORUHGZLWKVLOYHU5HVHDUFKHUV
ZKRSHUIRUPHGJHQRW\SLQJZHUHEOLQGWRWKHFOLQLFDOFRXUVHRI30''
5HVXOWV$YHUDJH DJH   30''DQG FRQWUROV GR QRW GLIIHU LQ
VRFLDODQGHGXFDWLRQDOOHYHORI30''ZRPHQKDYHFKLOGUHQ
KRXVHNHHSHU  UHJXODU HPSOR\HH  XQHPSOR\HG  SDVW
SV\FKLDWULFGUXJSUHVFULSWLRQSDVWKRUPRQHSUHVFULSWLRQ2&
UHSRUWHGDQ\IDPLO\SV\FKLDWULFKLVWRU\DQGUHSRUWHGVH[XDORUSK\VLFDO
YLROHQFHZHUHPDUULHGZHUHVLQJOHDQGRWKHU7KHUHVQRGLI
IHUHQFHLQDOOHOHIUHTXHQF\EHWZHHQ30''ZRPHQDQGFRQWUROV1RVWDWLVWL
FDOVLJQL¿FDQWFRUUHODWLRQEHWZHHQ73+&3RO\PRUSKLVPDQGV\PSWRP
VHYHULW\ PHDVXUHG E\ %HFN +DP$ +DP' 0$'56 ,PSXOVLYLW\ :H
REVHUYHDWHQGHQF\WR73+&&$&SDWLHQWVVFRUHKLJKHULQ+DPLOWRQ'WKDQ
$$1RVWDWLVWLFDOVLJQL¿FDQWFRUUHODWLRQEHWZHHQ+77/353RO\PRUSKLVP
6/&$DWTTFURPRVVVRPDQGJHQH DQG V\PSWRPVHYHULW\
PHDVXUHG E\%HFN+DP$+DP'0$'56 ,PSXOVLYLW\1R VWDWLVWLFDO
VLJQL¿FDQWFRUUHODWLRQEHWZHHQ'SRO\PRUSKLVPDWH[RQ6HU*OLFLQD
&RQFOXVLRQV,QLWLDOGDWDGRQRWVKRZGLIIHUHQFHEHWZHHQ30''DQG&RQ
WUROVFRQFHUQLQJ73++7735DQG'5
'HWHFWLRQ RI JHQHWLF PDUNHUV WKDW UHJXODWH WKH DQWLGHSUHVVDQW HIIHFW RI
665,VPLJKWEHOLQNHGWRVHYHUDOJHQHWLFSRO\PRUSKLVPVLQ+7QHXURQDO
V\VWHPVXFKDVDWUDQVSRUWV\QWKHVLVDQGEUHDNGRZQHQ]\PHVDQGUHFHS
WRUV7KHLUDQDO\VLVWRJHWKHUZLOOFRQWULEXWHWRUHOLHYHWKHGLVWUHVVRI30''
SDWLHQWVHDUOLHUDQGUHGXFHWKHORVVRIWLPHDQGFRVWVRIWKHLOOQHVV
5HIHUHQFHV
'-:DOWKHU0%DGHU $Q XQLTXH WU\SWRSKDQ K\GUR[\ODVH LVRIRUP
%LRFKHP3KDUPDFRO
3UDVFKDN5LHGHU 1:LOOHLW0 HW DO 5ROH RI IDPLO\ KLVWRU\ DQG 
+77/35SRO\PRUSKLVPLQIHPDOHVHDVRQDODIIHFWLYHGLVRUGHUSDWLHQWVZLWK
DQGZLWKRXWSUHPHQVWUXDOG\VSKRULFGLVRUGHU(XU1HXURSV\FKRSKDUPDFRO
"2!).¬&5.#4)/.¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW

5HW]: 5RVWHU0 6XSSULDQ 7 HW DO  'RSDPLQH ' UHFHSWRU JHQH
SRO\PRUSKLVPDQGYLROHQWEHKDYLRUUHODWLRQWRLPSXOVLYHQHVVDQG$'+'
UHODWHGSV\FKRSDWKRORJ\-1HXUDO7UDQVP
32
9ROWDJH*DWHG3RWDVVLXP&KDQQHOVRI1HXURQDO0HPEUDQH
DUH6HQVLWLYH7DUJHWVIRU*DODQWDPLQ
%XNDQRYD-9
%UDLQ5HVHDUFK,QVW0RVFRZ5XVVLD
6ROQWVHYD(,
2EMHFWLYHV JDODQWDPLQ LV FRJQLWLYH HQKDQFLQJ GUXJ XVHG IRU WUHDWPHQW
RI GHPHQWLDV LQFOXGLQJ $O]KHLPHU¶V GLVHDVH ,WV SULPDU\ PHFKDQLVP RI
DFWLRQ LV WKRXJKW WR EH DFHW\OFKROLQHVWHUDVH LQKLELWLRQ ,Q RXU ZRUN ZH
VWXGLHGJDODQWDPLQDFWLRQRQYROWDJHJDWHGSRWDVVLXPFXUUHQWVRIQHXURQDO
PHPEUDQH
0HWKRGV7KHH[SHULPHQWVZHUHSHUIRUPHGRQLVRODWHGQHXURQVRIODQGVQDLO
+HOL[9ROWDJHJDWHG SRWDVVLXP FXUUHQWVZHUHPHDVXUHG XVLQJ WZRPLFUR
HOHFWURGH YROWDJH FODPS PHWKRG$ WDEOHW RI 5HPLQ\O -DQVVHQ&LODJ$*
FRQWDLQLQJPJRIJDODQWDPLQK\GUREURPLGZDVGLVVROYHGLQFRQWURO
VROXWLRQDQGDSSOLHGH[WUDFHOOXODU\7KHGXUDWLRQRIFHOOH[SRVXUHWRWKHGUXJ
ZDVPLQ
5HVXOWV *DODQWDPLQ ZDV IRXQG WR EH SRWHQW LQKLELWRU RI YROWDJHJDWHG
SRWDVVLXPFXUUHQWV7KH WRWDOSRWDVVLXPFXUUHQW UHFRUGHGDWP9ZDV
UHGXFHGRQDYHUDJHE\ZLWKPLFUR0JDODQWDPLQPD[LPDOHI
IHFWRI WKHGUXJ7KHWKUHVKROGHIIHFWLYHFRQFHQWUDWLRQRIJDODQWDPLQZDV
PLFUR07KHHIIHFWDSSHDUHGPLQDIWHUGUXJDSSOLFDWLRQUHDFKHGD
PD[LPXPLQPLQDQGZDVKHGRXWDIWHUPLQZDVKLQJ
7KHQZHVWXGLHGJDODQWDPLQDFWLRQRQGLIIHUHQWVXEW\SHVRISRWDVVLXPFXU
UHQWWZRVORZLQDFWLYDWLQJFXUUHQWV,&DQG,.'DQGIDVWLQDFWLYDWLQJWUDQ
VLHQWFXUUHQW,$,&DQG,.'WXUQHGRXWWREHPRUHVHQVLWLYHWRJDODQWDPLQ
WKDQ,$7KHPD[LPDOLQKLELWLQJHIIHFWRIJDODQWDPLQPLFUR0RQ,&
,.'DQG,$ZDVDQGUHVSHFWLYHO\
&RQFOXVLRQV2XUUHVXOWVVKRZWKDWJDODQWDPLQLVSRWHQWLQKLELWRURIYROW
DJHJDWHG SRWDVVLXP FXUUHQWV 7KLVPD\ FRQWULEXWH WR WKHPHFKDQLVPV RI
WKHUDSHXWLFDFWLRQRIWKHGUXJ
32
3RVWHU6HVVLRQ1R
32
$VVRFLDWLRQEHWZHHQ&DWHFKRO20HWK\OWUDQVIHUDVH
3RO\PRUSKLVPDQG+DUP$YRLGDQFH3HUVRQDOLW\7UDLW
.HXQ$K&KHRQ
.ZDQGRQJ8QLYHUVLW\&ROOHJHRI0HGLFLQH6HRXO.RUHD
&KDQ+\XQJ.LP:RQ0\RXQJ%DKN6H-RR.LP
+RQJ6KLFN/HH
2EMHFWLYHV3HUVRQDOLW\WUDLWVDUHPXOWLGLPHQVLRQDOVWUXFWXUHVDQGLQÀXHQFHG
E\ERWKJHQHWLFDQGHQYLURQPHQWDOIDFWRUV7KHUHLVJURZLQJHQWKXVLDVPIRU
H[SORULQJELRORJLFDODSSURDFKHVWRSHUVRQDOLW\HVSHFLDOO\LQWKHLGHQWL¿FD
WLRQRIWKRVHJHQHVUHVSRQVLEOHIRUSDUWLFXODUSHUVRQDOLW\WUDLWV&DWHFKRO2
PHWK\OWUDQVIHUDVH&207LVRQHRIWKHHQ]\PHVWKDWDFFRXQWIRUWKH¿UVW
VWHSVLQWKHHOLPLQDWLRQRIFDWHFKRODPLQHV7KHSK\VLRORJLFDOVXEVWUDWHVRI
&207LQFOXGHGRSDPLQHQRUHSLQHSKULQHDQGDGUHQDOLQHEXWLQFRQWUDVWWR
PRQRDPLQHR[LGDVHVHURWRQLQLVQRWDVXEVWUDWHIRUWKLVHQ]\PH$FRPPRQ
&207FRGLQJIRUDWKHUPRODELOHORZDFWLYLW\HQ]\PHKDVEHHQUHFRJQL]HG
IRU WZR GHFDGHV$ VLQJOH DPLQR DFLG VXEVWLWXWLRQ YDOLQH WR PHWKLRQLQH
YDOPHW LQH[RQ ,9DFFRXQWV IRUGLIIHUHQFHV LQ WKHUPRODELOLW\YDOYDO
KRPR]\JRWHV GLVSOD\ KLJK YDOPHW LQWHUPHGLDWH DQG PHWPHW ± WLPHV
ORZHU&207DFWLYLW\,QWKHSUHVHQWVWXG\ZHH[DPLQHGWKHDVVRFLDWLRQEH
WZHHQIXQFWLRQDOSRO\PRUSKLVPVRI&207DQGSHUVRQDOLW\WUDLWVPHDVXUHG
E\7HPSHUDPHQWDQG&KDUDFWHU,QYHQWRU\7&,
0HWKRGV:H UHFUXLWHGXQUHODWHG QRUPDO.RUHDQ VXEMHFWV PDOH
DQGIHPDOH7KH.RUHDQYHUVLRQRIWKH7HPSHUDPHQWDQG&KDUDFWHU,Q
YHQWRU\7&,ZDVXVHGWRDVVHVVFHUWDLQSHUVRQDOLW\WUDLWV)URPEORRGVDP
SOHVWDNHQIURPWKHVXEMHFWV'1$ZDVLVRODWHGXVLQJVWDQGDUGWHFKQLTXHV
DQGWKH&207SRO\PRUSKLVPZDVJHQRW\SHGE\PHDQVRIWKHSRO\PHUDVH
FKDLQUHDFWLRQDQGSUHYLRXVO\GHVFULEHGPHWKRG>@:HFODVVL¿HGVXEMHFWV
LQWR++YDOLQHYDOLQH+/YDOLQHPHWDQG//PHWPHWJURXSVDFFRUG
LQJWRWKHLUJHQRW\SHV:HXVHGRQHZD\$129$DQGWWHVWWRHYDOXDWHWKH
DVVRFLDWLRQEHWZHHQ&207SRO\PRUSKLVPDQGSHUVRQDOLW\WUDLWV:LWKWKH
FRPSDULVRQV16+$5'DQG3DSYDOXHOHVVWKDQRUHTXDOWR
LHZDVFRQVLGHUHGVWDWLVWLFDOO\VLJQL¿FDQW
5HVXOWV7KHJHQRW\SHIUHTXHQFLHVRI&207ZHUH+++/
DQG//:HGLGQRW¿QGDQ\VLJQL¿FDQWGLIIHUHQFHIRUWKH
PHDQVFRUHVRI1RYHOW\6HHNLQJ165HZDUG'HSHQGHQFH5'DQG3HU
VLVWHQFH3DPRQJWKHJHQRW\SHV+RZHYHUWKHUHZDVDVLJQL¿FDQWUHODWLRQ
VKLSRIWKH&207JHQRW\SHVZLWK+DUP$YRLGDQFH+$) S 
3RVWKRF FRPSDULVRQ %RQIHUURQLPHWKRG UHYHDOHG WKDW WKH VXEMHFWVZLWK
++JHQRW\SHKDGVLJQL¿FDQWO\KLJKHU+$VFRUHVWKDQWKRVHZLWKWKH+/DQG
//JHQRW\SHS 7KHPHDQVFRUHRI+$LQ+++/DQG//JHQRW\SHV
ZHUH"DQGUHVSHFWLYHO\
&RQFOXVLRQV++JHQRW\SHRI&207SRO\PRUSKLVPPLJKWEH DVVRFLDWHG
ZLWKKLJKHUDQ[LHW\UHODWHGSHUVRQDOLW\WUDLWV+$LQQRUPDO.RUHDQSRSXOD
WLRQ
5HIHUHQFHV
 /DFKPDQ +0 3DSRORV ') 6DLWR 7 <X <0 6]XPODQVNL &/ :HLQ
VKLOERXP 50 +XPDQ FDWHFKRO20HWKO\OWUDQVIHUDVH SKDUPDFRJHQHWLFV
GHVFULSWLRQ RI D IXQFWLRQDO SRO\PRUSKLVP DQG LWV SRWHQWLDO DSSOLFDWLRQ WR
QHXURSV\FKLDWULFGLVRUGHUV3KDUPDFRJHQHWLFV
32
5HYHUVDORI33,'HILFLWVE\DQĮ1LFRWLQLF5HFHSWRU$JRQLVW
-DFNLH&LOLD
*OD[R6PLWK.OLQHSOF8.
&KDUOLH5HDYLOO-DPHV.HZ'HFODQ1&-RQHV
2EMHFWLYHV3UHSXOVHLQKLELWLRQ33,LVWKHQRUPDOUHGXFWLRQRIWKHVWDUWOH
UHVSRQVHZKHQWKHVWDUWOHHOLFLWLQJVWLPXOLLVSUHFHGHGE\DZHDNHUVWLPXOXV
WKHSUHSXOVH+RIIPDQDQG,VRQ33,FDQEHXVHGDVDQRSHUDWLRQDO
PHDVXUHRI VHQVRULPRWRUJDWLQJ 6ZHUGORZHW DO  DQG LV UHGXFHG LQ
SV\FKLDWULF GLVRUGHUV VXFK DV VFKL]RSKUHQLD 3DUZDQL HW DO 7KH
XQXVXDOO\KLJKUDWHRIVPRNLQJLQVFKL]RSKUHQLFVKDVOHGWRWKHVXJJHVWLRQ
WKDWVPRNLQJLVDIRUPRIVHOIPHGLFDWLRQVHH0DUWLQHWDO)XUWKHU
DEQRUPDOLWLHVLQWKHQXPEHUDQGUHJXODWLRQRIQLFRWLQLFUHFHSWRUVKDVEHHQ
UHSRUWHGLQVFKL]RSKUHQLFV0DUWLQHWDO)XUWKHUPRUHWKHĮVXEW\SH
RIWKHQLFRWLQLFUHFHSWRUSOD\VDQLPSRUWDQWUROHLQDXGLWRU\VHQVRU\JDWLQJ
0DUWLQHWDODQGQLFRWLQHDGPLQLVWUDWLRQUHYHUVHVLPSDLUHGDXGLWRU\
JDWLQJLQVFKL]RSKUHQLFVDQGWKHLU¿UVWGHJUHHUHODWLYHVHJ6LPRVN\HWDO
5DWVUHDUHGLQLVRODWLRQIURPZHDQLQJVKRZGH¿FLWVLQ33,ZKLFKDUH
UHYHUVHGE\DQWLSV\FKRWLFVHJFOR]DSLQH&LOLDHWDODQGWKXVPD\
PRGHO WKH VHQVRULPRWRU JDWLQJ GH¿FLWV VHHQ LQ VFKL]RSKUHQLD7KH DLPRI
WKLV VWXG\ZDV WR LQYHVWLJDWH WKH HIIHFW RI 51$]DELF\FOR>@RFW
\OS\ULG\OWKLRSKHQHFDUER[DPLGH &RPSRXQG $ D SRWHQW Į
QLFRWLQLF UHFHSWRU DJRQLVW 'H )LOLSSL HW DO  XSRQ LVRODWLRQUHDULQJ
LQGXFHG33,GH¿FLWVLQUDWV
0HWKRGV$WZHDQLQJPDOH/LVWHU+RRGHGSXSVZHUH VLQJO\ LVRODWHVRU
JURXS Q  KRXVHG JURXSHG 33, WHVWLQJ EHJDQ DW OHDVW  ZHHNV DIWHU
ZHDQLQJPLQIROORZLQJDGPLQLVWUDWLRQRI&RPSRXQG$	PJNJ
,3UDWVZHUHSODFHGLQVWDUWOHFKDPEHUV,'7*6.+DUORZ8.ZKHUHWKH
VWDUWOHUHVSRQVHWRUDQGRPWULDOVRIHLWKHUSXOVHDORQHG%PVRU
SUHSXOVH G%PVSXOVHDW LQWHUVWLPXOXV LQWHUYDOV ,6,RI
PVZDVPHDVXUHG
5HVXOWV 7KH GH¿FLW LQ 33, GHPRQVWUDWHG E\ WKH LVRODWHV ZDV DWWHQX
DWHGE\ERWKGRVHVRI&RPSRXQG$DWPV,6,YHK ,3 
,3  S DQG DW PV ,6, E\ PJNJ RI &RPSRXQG $
YHK  ,3  S7KH DSSDUHQW DWWHQXDWLRQ DW PV ,6, E\
&RPSRXQG$DW,3MXVWIDLOHGWRUHDFKVWDWLVWLFDOVLJQL¿FDQFHYHK 
,3 S 7KLVGRVHRI&RPSRXQG$VLJQL¿FDQWO\LQFUHDVHGWKH
VWDUWOHUHDFWLYLW\RILVRODWHVYHK ,3 S
&RQFOXVLRQV&RPSRXQG$UHYHUVHGWKHLVRODWLRQUHDULQJLQGXFHG33,GH¿
FLWVLQUDWV7KHVH¿QGLQJVVXJJHVWWKDWDQĮQLFRWLQLFUHFHSWRUDJRQLVWKDV
DQDQWLSV\FKRWLFOLNHHIIHFWLQWKLVDQLPDOPRGHORIVFKL]RSKUHQLD
"2!).¬&5.#4)/.¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
32
1RUHSLQHSKULQHDQG(SLQHSKULQH$JRQLVPDWWKH'RSDPLQH
'5HFHSWRU
&KULVWRSK&]HUPDN
6LJPXQG)UHXG&OLQLFV*UD]$XVWULD
3HWHU0/LHEPDQ0LFKDHO/HKRIHU
2EMHFWLYHV7KLV VWXG\ZDV XQGHUWDNHQ WR IXUWKHU FKDUDFWHUL]H SUHYLRXVO\
GHVFULEHGDJRQLVPRIQRUHSLQHSKULQHDQGHSLQHSKULQHDWKXPDQGRSDPLQH
'UHFHSWRUYDULDQWV
0HWKRGV:H LQYHVWLJDWHG >6@*73Ȗ6 ELQGLQJ DW WKH KXPDQ GRSDPLQH
'UHFHSWRUK'YDULDQWVK'K'DQGK'H[SUHVVHGLQ&+2.
FHOOVIROORZLQJVWLPXODWLRQE\GRSDPLQHQRUHSLQHSKULQHDQGHSLQHSKULQH
([SHULPHQWV ZHUH GRQH DW FRQGLWLRQV RI  DQG P0 VRGLXP UHVSHF
WLYHO\ WR SURGXFH FRQGLWLRQVZLWK GLIIHUHQW SURSRUWLRQV RI WKH UHFHSWRU LQ
KLJKDQGORZDI¿QLW\VWDWHV
5HVXOWV&RPSDUHGWRGRSDPLQHQRUHSLQHSKULQHGLVSOD\HGDERXWIROG
ORZHU SRWHQF\ (& DQG HSLQHSKULQH GLVSOD\HG RQO\ DERXW IROG ORZHU
SRWHQF\ DW DOO UHFHSWRU YDULDQWV DQG DW ERWK VRGLXPFRQFHQWUDWLRQV1RUH
SLQHSKULQH UHDFKHG DERXW  DQG RI GRSDPLQH HI¿FDF\ DW P0
DQGP0VRGLXPUHVSHFWLYHO\ZKHUHDVHSLQHSKULQHUHDFKHGDERXWRI
GRSDPLQHHI¿FDF\DWERWKVRGLXPFRQFHQWUDWLRQV
&RQFOXVLRQV$JRQLVPRIQRUHSLQHSKULQHDQGHSLQHSKULQHDWWKHK'PD\
LQGLFDWHDQLPSRUWDQWZD\RIFURVVUHDFWLYLW\DPRQJWKHGLIIHUHQWPRQRDP
LQH QHXURWUDQVPLWWHU V\VWHPVZKLFK QHHGV WR EH IXUWKHU VWXGLHG XQGHU LQ
YLYRFRQGLWLRQV
32
$OEXPLQ%LQGLQJ6LWHV6WDWHDQG,QGLYLGXDO6WUHVV5HVLVWDQFH
<XUL\*U\]XQRY
5HVHDUFK,QVWLWXWHIRU3K\VLFDO&KHPLFDO0HGLFLQH5XVVLD
(OHQD.RSOLN1DWDOLD6PROLQD/\XERY¶.RSDHYD
*HQQDG\'REUHWVRY.RQVWDQWLQ6XGDNRY
2EMHFWLYHV ,QGLYLGXDOUHVLVWDQFHWRVWUHVV LVDIDFWRU LQÀXHQFLQJGHYHORS
PHQWRIPHQWDOGLVHDVHV/LWWOH LVNQRZQDERXWSK\VLFDOFKHPLFDO LQWHJUDO
PROHFXODUPHFKDQLVPVLQYROYHGLQVWUHVVUHDFWLRQ7KHDLPRIWKHVWXG\ZDV
WRFKHFNWKHK\SRWKHVLVWKDWFRQIRUPDWLRQDOVWDWHRIELQGLQJVLWHVRIVHUXP
DOEXPLQ6$WKHPDLQWUDQVSRUWSURWHLQRIERG\ÀXLGVFDQEHRQHRIVXFK
PHFKDQLVPV
0HWKRGV7KHK\SRWKHVLVZDVWHVWHGXQGHUH[SHULPHQWDOFRQGLWLRQVRIDFXWH
HPRWLRQDO VWUHVV LQ HYHQDJHG PDOH:LVWDU UDWV ZLWK GLIIHUHQW SURJQRVWLF
VWUHVV UHVLVWDQFH LQ DXWXPQZLQWHU VHDVRQ 3URJQRVWLF VWUHVV UHVLVWDQFH RI
UDWVZDV WHVWHG LQ WKHRSHQ¿HOG7ZRJURXSVRI DQLPDOVZHUH VHOHFWHG D
JURXSRIEHKDYLRXUDOO\KLJKDFWLYHSURJQRVWLFKLJKVWUHVVUHVLVWDQWQ 
UDWVDQGDJURXSRI ORZDFWLYHDQLPDOV SURJQRVWLF ORZUHVLVWDQWQ 
(DFK JURXSZDV GLYLGHG LQ WZR VXEJURXSV DQ H[SHULPHQWDO VXEJURXS LQ
ZKLFK WKH DQLPDOVZHUH VXEMHFWHG WR WKH DFXWH HPRWLRQDO VWUHVV LPPREL
OL]DWLRQZLWK VWRFKDVWLF HOHFWURGHUPDO VWLPXODWLRQ DQG D FRQWURO RQH7R
FKDUDFWHUL]H 6$ ELQGLQJ VLWHV VSHFL¿F QRUPDOL]HG WR 6$ FRQFHQWUDWLRQ
ÀXRUHVFHQFHLQWHQVLW\RIÀXRUHVFHQWSUREH&$3,'$11FDUER[\SKHQLOLP
LGHRIGLPHWK\ODPLQRQDSKWDOLFDFLGZDVPHDVXUHG7KHOHYHORI6$ERXQG
1()$ZDVPHDVXUHGLQWKHVDPSOHVZLWKHQ]\PDWLFDVVD\
5HVXOWV 8VLQJ VSHFWURVFRSLF DQG HOHFWURSKRUHWLF PHWKRGV LW ZDV VKRZQ
WKDW ÀXRUHVFHQFH RI&$3,'$1 IURP VHUXP LVPRUH WKDQ GXH WR6$
ERXQGSUREHDQGWKDWLWVÀXRUHVFHQFHLVKLJKO\VHQVLWLYHWRWKHVWDWHRI6$
VLWHV ELQGLQJ RUJDQLFPROHFXOHV 8VLQJ &$3,'$1 LW ZDV VKRZQ WKDW WKH
DQLPDOVZLWKGLIIHUHQWDFWLYLW\LQWKHRSHQ¿HOGYDU\LQWKHSURSHUWLHVRI6$
+LJKDFWLYH UDWV KDG VLJQL¿FDQWO\ ORZHU SUREH ÀXRUHVFHQFH LQWHQVLW\ DQG
6$ERXQG1()$ OHYHO WKDQ WKH ORZDFWLYH RQHV 6WUHVV H[SRVXUH UHVXOWHG
LQFKDQJHRI6$SURSHUWLHV&$3,'$1ÀXRUHVFHQFHLQWHQVLW\LQFUHDVHGLQ
KLJKDFWLYHDQGGHFUHDVHGLQORZDFWLYHUDWV7KHUHYHDOHGGLIIHUHQFHLQWKH
6$ELQGLQJVLWHSURSHUWLHVFDQEHH[SODLQHGSDUWO\E\YDULDWLRQRIWKHOHYHO
RI6$ERXQG1()$
&RQFOXVLRQV7KH UDWVZLWKGLIIHUHQW SURJQRVWLF VWUHVV UHVLVWDQFHGLIIHU LQ
6$ELQGLQJVLWHVSURSHUWLHVWKDWFDQEHUHYHDOHGZLWK6$VSHFL¿FÀXRUHVFHQW
SUREH7KHGLIIHUHQFHVDUHSDUWO\GXHWRYDULDWLRQRI6$ERXQG1()$$FXWH
HPRWLRQDOVWUHVVDIIHFWV6$SURSHUWLHVGHSHQGLQJRQLQGLYLGXDOVWUHVVUHVLVW
DQFH7KXVFRQIRUPDWLRQDOSURSHUWLHVRI6$DUHDVVRFLDWHGZLWKLQGLYLGXDO
VWUHVVUHVLVWDQFH
32
5HODWLRQVKLSEHWZHHQ$JJUHJDWLRQDO6WDWHRI$ȕ3HSWLGHVDQG
0LFURJOLDO$FWLYDWLRQE\WKH3HSWLGHV
6DGD\XNL+DVKLRND
'HSDUWPHQWRI1HXURSV\FKLDWU\*UDGXDWH6FKRRORI0HGLFDO
6FLHQFHV-DSDQ
$0RQML78HGD6.DQED+1DNDQLVKL
2EMHFWLYHV 7KHUH LV LQFUHDVLQJ HYLGHQFH WKDW PLFURJOLDO DFWLYDWLRQ KDV
SDWKRJHQLFLQÀXHQFHRQ$O]KHLPHU¶VGLVHDVH$FFRUGLQJWRLQYLWURVWXGLHV
PLFURJOLDOFHOOVDFWLYDWHGE\DP\ORLGȕ$ȕSHSWLGHVKDYHEHHQUHSRUWHGWR
GDPDJHRUNLOOQHXURQVE\WKHUHOHDVHRIQHXURWR[LFPROHFXOHVVXFKDVWXPRU
QHFURVLV IDFWRUĮ 71)Į LQWHUOHXNLQȕ QLWULF R[LGH RU UHDFWLYH R[\JHQ
VSHFLHV$OWKRXJK WKH UHODWLRQVKLS EHWZHHQ WKH DJJUHJDWLRQDO VWDWH RI$ȕ
SHSWLGHVDQGWKHLUQHXURWR[LFDFWLYLWLHVKDVEHHQZHOOLQYHVWLJDWHGOLWWOHLV
NQRZQDERXWWKHUHODWLRQVKLSEHWZHHQWKHDJJUHJDWLRQDOVWDWHRI$ȕSHSWLGHV
DQGWKHLUDELOLW\WRLQGXFHPLFURJOLDODFWLYDWLRQ,QWKHSUHVHQWVWXG\ZHWKXV
SHUIRUPHGERWKVWUXFWXUDODQGELRFKHPLFDOVWXGLHVWRFODULI\WKHUHODWLRQVKLS
EHWZHHQWKHDJJUHJDWLRQDOVWDWHRI$ȕSHSWLGHVDQGWKHLUDELOLW\WRDFWLYDWH
PLFURJOLD
0HWKRGV :H HPSOR\HG WKUHH ELRFKHPLFDOO\ FKDUDFWHULVWLF $ȕ SHSWLGHV
VXFKDV$ȕ$ȕ01OHZKLFK LVDVXEVWLWXWLRQRIPHWKLRQLQH
UHVLGXH ZLWK VWUXFWXUDOO\ VLPLODU QRUOHXFLQH DQG$ȕ UHYHUVH:H
¿UVWDQDO\]HGWKHVWUXFWXUHDQGDJJUHJDWLRQDOVWDWHRI$ȕSHSWLGHVE\HOHF
WURQPLFURVFRS\ WKLRÀDYLQH7 ÀXRURPHWULF DVVD\ DQG FLUFXODU GLFKURLVP
VSHFWURVFRS\:HQH[WPHDVXUHG WKHPLFURJOLDOSURGXFWLRQRI71)ĮDV D
PDUNHU RIPLFURJOLDO DFWLYDWLRQ$ȕ SHSWLGHVZHUH DSSOLHGZLWK WKH VDPH
FRQFHQWUDWLRQDVWKDWXVHGLQRXUVWUXFWXUDOVWXGLHV7KH71)ĮSURGXFWLRQ
E\$ȕDFWLYDWHGPLFURJOLD LVTXDQWL¿HGE\HQ]\PHOLQNHG LPPXQRVRUEHQW
DVVD\DQGP51$HQFRGLQJ71)ĮLVVHPLTXDQWL¿HGE\UHYHUVHWUDQVFULS
WLRQDQGSRO\PHUDVHFKDLQUHDFWLRQ
5HVXOWV2XU UHVXOWVKDYH VKRZQ WKDW LQ WKHSUHVHQFHRI LQWHUIHURQȖ WKH
$ȕ01OH SHSWLGH KDG DOPRVW WKH VDPH SRWHQF\ RI DFWLYDWLQJPL
FURJOLDDQGSURGXFLQJ71)ĮDV WKH$ȕSHSWLGHRQERWKSURWHLQDQG
P51$OHYHOVLQVSLWHRIWKHIDFWWKDWIRUPHUSHSWLGHUHSUHVHQWHGPXFKOHVV
DP\ORLG¿EULOIRUPDWLRQWKDQWKHODWWHU:KHUHDV$ȕUHYHUVHVKRZHG
OLWWOHDJJUHJDWLRQDQG71)ĮSURGXFWLRQ
&RQFOXVLRQV7KHVHUHVXOWVVXJJHVWWKDW$ȕ¿EULOIRUPDWLRQLVQRWQHFHVVDULO\
UHTXLUHGIRUPLFURJOLDODFWLYDWLRQE\WKHSHSWLGHV
5HIHUHQFHV
+DVKLRND 60RQML$8HGD7.DQED 6 1DNDQLVKL+ $P\ORLGȕ
¿EULOIRUPDWLRQLVQRWQHFHVVDULO\UHTXLUHGIRUPLFURJOLDODFWLYDWLRQE\WKH
SHSWLGHV1HXURFKHP,QWLQSUHVV
32
$PSKHWDPLQH6HQVLWLVDWLRQLQ0LFHD3URSRVHG$QLPDO0RGHO
RI0DQLD
+HQULHWWH+XVXP
/XQGEHFN'HQPDUN
%UXQR3RX]HW3HWHU)ODJVWDG3HU3OHQJH
2EMHFWLYHV7KHSDWKRSK\VLRORJ\RIELSRODUGLVRUGHULVXQNQRZQ,QELSRODU
SDWLHQWVREVHUYDWLRQVRIDSURJUHVVLYHUHFXUUHQFHDQGLQFUHDVHGVHYHULW\RI
DIIHFWLYHHSLVRGHVKDVEHHQLQWHUSUHWHGDVDSURFHVVRIVHQVLWLVDWLRQ.HVVLQJ
HW DO  7KH DPSKHWDPLQH VHQVLWL]DWLRQPRGHO SUHVHQWV WKH SKHQRP
HQRQRIDQ LQFUHDVHGEHKDYLRXUDO UHVSRQVLYLW\ K\SHUDFWLYLW\ WRDQDFXWH
ORZGRVHRI GDPSKHWDPLQH G$03+ IROORZLQJGDLO\ WUHDWPHQWVZLWK D
PRGHUDWHG$03+GRVHDQGVXEVHTXHQWZLWKGUDZDO7KHHQGSRLQWRI WKLV
WHVWLVK\SHUDFWLYLW\ZKLFKLVDFRUHV\PSWRPRIFOLQLFDOPDQLD7KLVPRGHO
WKHUHIRUHSRVVHVVHVIDFHYDOLGLW\DVDPRGHORIPDQLD7KHSXUSRVHRIWKHVH
VWXGLHVZDVWRH[SORUHWKHSUHGLFWLYHYDOLGLW\RIWKHPRGHO
0HWKRGV 0DOH PLFH 105,  J 7DFRQLF '. DUULYHG DW WKH DQLPDO
IDFLOLW\GD\VSULRUWRWKHH[SHULPHQWDQGZHUHKRXVHGPLFHSUFDJHLQ
FOLPDWHFRQWUROOHGDQLPDOIDFLOLWLHVXQGHUQRUPDOOLJKWGDUNF\FOHOLJKWVRQ
7KHPLFHZHUHSUHWUHDWHGZLWK HLWKHUG$0) PJ IUHH
EDVHNJRUYHKLFOH1D&OPONJVFRQFHGDLO\IRU¿YHGD\V7HVW
LQJZDVSHUIRUPHGGD\VODWHU$QLPDOVZHUHWUHDWHGZLWKWHVWVXEVWDQFHRU
YHKLFOHVFSULRUWRWKHWHVWDQGLQGLYLGXDOO\SODFHGLQWKHORFRPRWRUER[HV
IRUKDELWXDWLRQPLQODWHUDQDFXWHGRVHRIG$0)PJIUHHEDVHNJ
VFRUYHKLFOHZDVDGPLQLVWHUHGDIWHUZKLFKWKHPLFHZHUHSODFHGEDFNLQ
"2!).¬&5.#4)/.¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
WKHDFWLYLW\ER[HVDQGGDWDDFTXLVLWLRQZDVEHJXQDQG ODVWLQJ IRUPLQ
'DWDZHUHDYHUDJHGZLWKLQWKHJURXSVQ DQGVWDWLVWLFDOO\DQDO\VHGE\
PHDQVRIDQDO\VLVRIYDULDQFH
5HVXOWV'DWDZLOOEHSUHVHQWHGWRVKRZWKDWDQWLPDQLFWUHDWPHQWPRGDOLWLHV
VXFK DV OLWKLXP ODPRWULJLQH FDUEDPD]HSLQH KDORSHULGRO DQG RODQ]DSLQH
VLJQL¿FDQWO\ DQG GRVHGHSHQGHQWO\ SUHYHQW WKH VHQVLWL]HG UHVSRQVH WR DQ
DFXWHDPSKHWDPLQHFKDOOHQJH
&RQFOXVLRQV7KHSUHVHQWGDWD VXSSRUW DSUHGLFWLYHYDOLGLW\RI WKHPRXVH
DPSKHWDPLQHVHQVLWL]DWLRQPRGHOLQPDQLDELSRODUUHVHDUFK
5HIHUHQFHV
.HVVLQJ/HWDO&OLQLFDOGH¿QLWLRQVRIVHQVLWLVDWLRQLQDIIHFWLYHGLVRU
GHUDFDVHUHJLVWHUVWXG\RISUHYDOHQFHDQGSUHGLFWLRQ-RXUQDORI$IIHFWLYH
'LVRUGHUV
32
$VVRFLDWLRQEHWZHHQ'RSDPLQH5HFHSWRU'DQG'RSDPLQH
7UDQVSRUWHU3RO\PRUSKLVPDQG2EVHVVLYH&RPSXOVLYH
'LVRUGHU
&KDQ+\XQJ.LP
<RQVHL8QLYHUVLW\&ROOHJHRI0HGLFLQH6HRXO.RUHD
:RQ0\RQJ%DKN6H-RR.LP.HXQ$K&KHRQ+RQJ6KLFN/HH
2EMHFWLYHV 7KH GH¿QLWH FDXVHV RI REVHVVLYHFRPSXOVLYH GLVRUGHU 2&'
DUH VWLOO XQNQRZQ (YLGHQFHV IURP IDPLOLDO WZLQ DQG VHJUHJDWLRQ VWXGLHV
VXSSRUWWKHUROHRIDJHQHWLFFRPSRQHQWLQWKHHWLRORJ\RI2&'7KHUHDUH
JURZLQJHYLGHQFHVWKDW2&'KDVVSHFL¿FQHXURFKHPLFDODQGQHXURDQDWRPL
FDOEDVLV,WKDVEHHQVKRZQWKDWVHURWRQHUJLFQHXURQVSOD\WKHSUHGRPLQDQW
SDWKRSK\VLRORJLFDO UROH LQ2&'5HFHQWO\ LW KDV DOVR EHHQ SURSRVHG WKDW
QHXURWUDQVPLWWHUV RWKHU WKDQ VHURWRQLQ SOD\ D UROH LQ WKH SDWKRSK\VLRORJ\
RI2&'DQGD VHULHVRI VWXGLHVKDYHSURYLGHGHYLGHQFH WKDWGRSDPLQH LV
LQYROYHGLQVRPH2&'SDWLHQWV7KHUHIRUH WKHDLPVRI WKLVVWXG\ZHUHWR
LQYHVWLJDWH WKH DVVRFLDWLRQV EHWZHHQ GRSDPLQH UHFHSWRU ' '5' DQG
GRSDPLQHWUDQVSRUWHU'$7SRO\PRUSKLVPVDQG2&'
0HWKRGV2&'SDWLHQWVDQGQRUPDOFRQWUROVZHUHSDUWLFLSDWHG LQ
WKLVVWXG\*HQRPLF'1$ZDVH[WUDFWHGIURPWKHLUEORRG&RPSDULVRQRIWKH
JHQRW\SHVDQGDOOHOHIUHTXHQFLHVRIWKH'5'DQG'$7SRO\PRUSKLVPEH
WZHHQ2&'JURXSDQGFRQWUROJURXSZHUHGRQH*HQRW\SHVRI'5'ZHUH
FODVVL¿HG LQWR VKRUW 6JHQRW\SHFRQWDLQLQJ UHSHDWDQG ORQJJHQRW\SH
/ JHQRW\SH 8VLQJ SULQFLSDO FRPSRQHQW DQDO\VLV ZH GHULYHG  IDFWRUV
IURPPDLQFRQWHQWVRI<%2&6FKHFNOLVWDQGLQYHVWLJDWHGWKHDVVRFLDWLRQ
EHWZHHQWKHVHWKUHHIDFWRUVDQG'5'DQG'$7SRO\PRUSKLVP
5HVXOWV ,Q WKLV FDVHFRQWURO VWXG\ ZH FRXOG ¿QG WKDW WKH IUHTXHQFLHV /
JHQRW\SHRI'5'ZHUH VLJQL¿FDQWO\KLJKHU LQ2&' WKDQQRUPDOFRQWURO
JURXS LQ2&'JURXS6JHQRW\SH/JHQRW\SHDQG
LQ FRQWURO JURXS 6JHQRW\SH /JHQRW\SH  Ȥ 
S %XWWKHUHZHUHQRGLIIHUHQFHVLQWKHGLVWULEXWLRQRI'$7JHQR
W\SHVEHWZHHQ2&'DQGQRUPDOFRQWUROJURXSV,Q2&'JURXSSDWLHQWVZLWK
/JHQRW\SHKDGKLJKHUVFRUHVIRUWKHFRQWDPLQDWLRQVRPDWLFIDFWRUWKDQWKH
RWKHUJURXSVS /JHQRW\SH6JHQRW\SH
&RQFOXVLRQV / JHQRW\SH RI '5' SRO\PRUSKLVP PLJKW KDYH QHJDWLYH
HIIHFWV RQ WKH GHYHORSPHQW RI2&' DQG D FHUWDLQ V\PSWRP IDFWRU RI WKH
REVHVVLYHFRPSXOVLYHV\PSWRPV
32
(IIHFWVRI5HSHDWHG6WUHVVRQ([SUHVVLRQRI&RUWLFRWURSLQ
5HOHDVLQJ)DFWRU7\SH,DQG,,5HFHSWRUV
<RQJ.X.LP
'HSDUWPHQWRI3V\FKLDWU\&ROOHJHRI0HGLFLQH.RUHD8QLYHUVLW\
.RUHD
&KRL6+6KLQ.+
2EMHFWLYHV&RUWLFRWURSLQUHOHDVLQJIDFWRU&5)SOD\VDSULPDU\UROHLQFR
RUGLQDWLQJWKHQHXURHQGRFULQHDXWRQRPLFLPPXQHDQGEHKDYLRUDOUHVSRQVH
WRVWUHVV&5)H[HUWV LWVDFWLRQ WKURXJK WZRPDMRU UHFHSWRUFRUWLFRWURSLQ
UHOHDVLQJIDFWRUUHFHSWRU&5)5DQGFRUWLFRWURSLQUHOHDVLQJIDFWRUUH
FHSWRU&5)58VLQJWZRW\SHVRIFKURQLFVWUHVVPRGHOVZHLQYHVWLJDWHG
WKHFKDQJHVRI&5)5P51$DQG&5)5P51$H[SUHVVLRQVDQG&5)
P51$LQWKHVWUHVVUHODWHGEUDLQFLUFXLWDUHDV
0HWKRGV0DOH6SUDJXH'DZOH\UDWVZHUHH[SRVHGWRHLWKHULPPRELOL]DWLRQ
VWUHVVRUYDULDEOH LQWHUPLWWHQWXQSUHGLFWDEOHVWUHVVIRUGD\VDQG WKHQ LQ
VLWXK\EULGL]DWLRQKLVWRFKHPLVWU\ZDVXVHG WRTXDQWLI\&5)H[SUHVVLRQ LQ
WKHEUDLQ
5HVXOWV  &5)5 P51$ H[SUHVVLRQV ZHUH GHFUHDVHG LQ EHG QXFOHXV
RI WKH VWULD WHUPLQDOLV %167 IROORZLQJ VWUHVVRUV  &5)5 P51$
H[SUHVVLRQVZHUH LQFUHDVHG LQ ODWHUDO VHSWXP IROORZLQJ VWUHVVRUV &5)
P51$H[SUHVVLRQVZHUH LQFUHDVHG LQ FHQWUDO QXFOHXV RI DP\JGDOD &H$
DQG%167
5HVXOWV7KHLQFUHDVHG&5)P51$RI&H$DQG%167PD\EHUHODWHGZLWK
DQ[LHW\UHVSRQVHLQWKHUHSHDWHGVWUHVV'RZQUHJXODWLRQRI&5)5P51$
H[SUHVVLRQ LQ%167PD\ UHSUHVHQW D FRPSHQVDWRU\ DGDSWDWLRQ WR FKURQLF
VWUHVVDQGPD\EHLQYROYHGLQWKHDQ[LHW\UHVSRQVHZKHUHDVXSUHJXODWLRQ
RI&5)5P51$H[SUHVVLRQ LQ ODWHUDO VHSWXPPD\ UHSUHVHQW DQDQ[LHW\
UHVSRQVHRULPSDLUHGOHDUQLQJWKRXJKWKHIXQFWLRQDOPHDQLQJLVXQFHUWDLQ
32
+7%'DQG+7$$QWDJRQLVWV&HQWUDO+75HOHDVHDQG
7XUQRYHU
$QGUp5H[
,QVWLWXWHRI3KDUPDFRORJ\DQG7R[LFRORJ\6FKRRORI9HWHULQDU\
0HGLFLQH)UHLH8QLYHUVLWlW%HUOLQ*HUPDQ\
(XJHQLH3ODW]-|UJ3HWHU9RLJW.DUVWHQ:LFNH+HLGUXQ)LQN
2EMHFWLYHV 6HURWRQLQ +7$ DQG +7%' UHFHSWRUV FRQWURO VHURWRQLQ
+7UHOHDVHLQWKH&167KH\DUHWDUJHWVIRUWKHSKDUPDFRORJLFDOWUHDW
PHQWRISV\FKLDWULFGLVRUGHUV
0HWKRGV:H LQYHVWLJDWHGHIIHFWVRI WKH+7%'DQWDJRQLVW*5
0SHUIXVHGLQWRWKHIURQWDOFRUWH[WKH+7$DQWDJRQLVW:$<
PJNJLSDQGDFRPELQDWLRQRIERWKRQFRUWLFDO+7UHOHDVHLQJXLQHD
SLJV XVLQJ LQ YLYRPLFURGLDO\VLV LQ FRPSDULVRQ WR UHIHUHQFH GUXJV DV WKH
+7 UHOHDVHU GIHQÀXUDPLQH DQG WKH +7$ DJRQLVW 2+'3$7 7KH
WLVVXH FRQWHQW RI +7 DQG +7 WXUQRYHU +,$$+7 UDWLRZDV DOVR
GHWHUPLQHGLQEUDLQUHJLRQVH[YLYR
5HVXOWV0LFURGLDO\VLV$V UHIHUHQFHV WKH +7 UHOHDVLQJ DJHQW GIHQÀX
UDPLQHDQGWKH+7$DJRQLVW2+'3$7LQFUHDVHGDQGGHFUHDVHGFRUWL
FDO+7UHOHDVHUHVSHFWLYHO\
6\VWHPLFDGPLQLVWUDWLRQRI:$<SHUIXVLRQZLWK*5LQ WKH
IURQWDOFRUWH[RUWKHFRPELQDWLRQRIERWKWUHDWPHQWVKDGQRVLJQL¿FDQWHIIHFW
RQH[WUDFHOOXODU+7
+7FRQWHQWDQG+7WXUQRYHU+7DQG+7WXUQRYHUZHUHGHWHUPLQHG
LQDVDPSOHFRQWDLQLQJLWKHPHGLDQDQGGRUVDOUDSKHQXFOHLLLWKHIURQWDO
FRUWH[RULLLWKHYHQWUDOKLSSRFDPSXV&RPSDUHGWRFRQWUROV:$<
*5 DQG WKH FRPELQDWLRQ WKHUHRI GHFUHDVHG FRUWLFDO +7 
DQG LQFUHDVHG+7WXUQRYHU LQ WKHFRUWH[DVZHOODV LQ WKH UDSKH
QXFOHL :$< GHFUHDVHG KLSSRFDPSDO +7  ZKLOH
ERWK GUXJV DQG WKHLU FRPELQDWLRQ LQFUHDVHG KLSSRFDPSDO +7 WXUQRYHU
FRPSDUHGWRFRQWUROV&RPELQHGWUHDWPHQWKDGQRVXSHULRURUDG
GLWLYHHIIHFWV
&RQFOXVLRQV 7KH UHJLRQVSHFL¿F GHFUHDVH LQ +7 DQG WKH FRQFRPLWDQW
LQFUHDVH LQ ORFDO+7 WXUQRYHU VXJJHVW WKDWERWK+7DQWDJRQLVWVKDYH
VXEWOHHIIHFWVRQ+7IXQFWLRQ
32
$Q[LHW\EXWQRW$URXVDO,QFUHDVHV+75HOHDVHLQ5DW
+LSSRFDPSXV
$QGUp5H[
,QVWLWXWHRI3KDUPDFRORJ\DQG7R[LFRORJ\6FKRRORI9HWHULQDU\
0HGLFLQH)UHLH8QLYHUVLWlW%HUOLQ.RVHUVWU%HUOLQ
*HUPDQ\
-|UJ3HWHU9RLJW+HLGUXQ)LQN
2EMHFWLYHV7KHFHQWUDOVHURWRQHUJLFV\VWHPLVLQYROYHGLQWKHDHWLRORJ\RI
QXPHURXVGLVHDVHVWDWHVLQFOXGLQJGHSUHVVLRQDQGDQ[LHW\GLVRUGHUV'UXJV
WKDW DOWHU VHURWRQLQ +7 IXQFWLRQ DUH WKH IURQWOLQH WUHDWPHQW RI DQ[LHW\
GLVRUGHUV6HYHUDOVWXGLHVKDYHVKRZQWKDWH[SRVXUHRIUDWVWRDQLPDOWHVWV
IRUDQ[LHW\LQFUHDVHVH[WUDFHOOXODU+7LQWKHFRUWH[RUWKHKLSSRFDPSXV
$LP RI WKH VWXG\ LV WR GLVFULPLQDWH ZKHWKHU WKH LQFUHDVH LQ H[WUDFHOOXODU
+7LVFDXVHGE\DYHUVLYHFRQGLWLRQVRIDQDQLPDOWHVWIRUDQ[LHW\RUE\DQ
XQFRQGLWLRQHGVWUHVVRUHYRNLQJDURXVDO
"2!).¬&5.#4)/.¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
0HWKRGV7KHSUHVHQWVWXG\LQYHVWLJDWHVWKHHIIHFWVRIH[SRVXUHWRDQDFRXV
WLFVWLPXOXVG%RUWRWKHHOHYDWHGSOXVPD]H;PD]HLOOXPLQDWLRQ
OX[RSHQDUPVOX[FORVHGDUPVRUWRD;PD]HZLWKFORVHGDUPVRQO\
&PD]HIRUPLQXWHVUHVSHFWLYHO\RQ+7UHOHDVHLQWKHYHQWUDOKLS
SRFDPSXVRIUDWVGHWHUPLQHGE\LQYLYRPLFURGLDO\VLVIROORZHGE\+3/&
DQGHOHFWURFKHPLFDOGHWHFWLRQ
5HVXOWV ([SRVXUH RI PDOH )LVFKHU  UDWV &KDUOHV 5LYHU *HUPDQ\
JWRWKH;PD]HLQGXFHGDQ³DQ[LRXV´EHKDYLRXUDQGLQFUHDVHGH[
WUDFHOOXODU+7WRRIEDVDOUHOHDVH+RZHYHUH[SRVXUHWRZKLWHQRLVH
LQWKHIDPLOLDUVXUURXQGLQJVRIWKHKRPHFDJHGLGQRWFKDQJHH[WUDFHOOXODU
+7LQWKHKLSSRFDPSXVHYHQWKRXJKORFRPRWRUDFWLYLW\DQGWKHSHUFHQW
DJHRIDQLPDOVGLJJLQJLQWKHEHGGLQJZHUHLQFUHDVHG
&RQFOXVLRQV7KHLQFUHDVHG+7UHOHDVHFRQFXUUHGZLWKH[SRVXUHWRWKH;
PD]HEXWQRWWRWKHOHVVDYHUVLYHEXWQHZVXUURXQGLQJVRIWKH&PD]HZLWKRU
H[SRVXUHWRZKLWHQRLVH7KLVLQGLFDWHVDVWURQJUHODWLRQVKLSEHWZHHQ+7
UHOHDVHDQGEHKDYLRXULQGLFDWLYHRI³DQ[LHW\´2XUUHVXOWVDUHEDFNHGXSE\
UHFHQWVWXGLHVVKRZLQJ³DQ[LRO\WLF´HIIHFWVRI1HXURSHSWLGH6DFFRPSDQLHG
E\ LQFUHDVHGPRWRU DFWLYLW\ ,W LV VXJJHVWHG WKDW WKH UHODWLRQVKLS EHWZHHQ
DURXVDOQRQVSHFL¿FEHKDYLRXUDODFWLYDWLRQDQG+7LQJHQHUDOLVQRWQHF
HVVDULO\OLQNHGLQWKHUDWKLSSRFDPSXV
32
0ROHFXODU&ORQLQJRID'6HULQH0RGXODWRU*HQHGVP
'DL6KLPD]X
7RN\R0HGLFDODQG'HQWDO8QLYHUVLW\-DSDQ
1DRNL<DPDPRWR$VDPL8PLQR6KLQLFKLUR6DNXUDL
7RUX1LVKLNDZD
2EMHFWLYHV'VHULQHLVSUHVHQWLQWKHPDPPDOLDQEUDLQDWKLJKFRQFHQWUD
WLRQV DQG KDV EHHQ VXJJHVWHG WR EH DQ HQGRJHQRXV FRDJRQLVW RI WKH 1
PHWK\O'DVSDUWDWHJOXWDPDWHUHFHSWRU%HFDXVHLQWHUUXSWLRQRIWKH10'$
UHFHSWRUPHGLDWHGQHXURWUDQVPLVVLRQUHVXOWVLQVFKL]RSKUHQLDOLNHSV\FKRVLV
RUFHUHEHOODUDWD[LDDQGEHFDXVHWKHIDFLOLWDWLRQRIWKHH[FLWDWRU\VLJQDOLQJ
E\ 'VHULQH KDV EHHQ UHSRUWHG WR LPSURYH WKHVH V\PSWRPV HQGRJHQRXV
'VHULQH PD\ EH LQYROYHG LQ WKH UHJXODWLRQ DQG SDWKRSK\VLRORJ\ RI WKH
KLJKHUEUDLQIXQFWLRQV7RXQGHUVWDQGWKHPROHFXODUPHFKDQLVPVXQGHUO\LQJ
UHJXODWLRQRIWKHFRDJRQLVWVLJQDOVZHKDYHH[SORUHGWKHJHQHWUDQVFULSWV
LQÀXHQFLQJWKH'VHULQHDFFXPXODWLRQLQWRWKH;HQRSXVRRF\WH
0HWKRGV:HKDYHVFUHHQLQJWKHUDWFHUHEUDOQHRFRUWH[F'1$OLEUDU\XVLQJ
D;HQRSXVRRF\WHH[SUHVVLRQV\VWHPWRH[SORUHWKHPROHFXOHVWKDWPRGLI\
WULWLDWHGRUQRQUDGLRODEHOOHG'VHULQHDFFXPXODWLRQLQWRWKHFHOO
5HVXOWV:H KDYH LVRODWHG D F'1$ FORQH GHVLJQDWHG DV GVP 'VHULQH
PRGXODWRUHQFRGLQJDSURWHLQWKDWUHGXFHVWKHDFFXPXODWLRQRI'VHULQH
WRWKHRRF\WH7KHGHGXFHGSURWHLQ'VPZDVLQGLFDWHGWRFRQVLVWRI
DPLQR DFLGV DQG WKH K\GURSDWK\ DQDO\VLV SUHGLFWV WKH  WUDQVPHPEUDQH
GRPDLQVZLWKDORQJK\GURSKRELFVWUHWFKLQWKH&WHUPLQDOOLNHVRPHDPLQR
DFLGWUDQVSRUWHUV7KHGVPP51$LVSUHGRPLQDQWO\H[SUHVVHGLQWKHEUDLQ
DQG OLYHU7KH WUDQVLHQW H[SUHVVLRQRIGVP LQ&26FHOOVGHPRQVWUDWHV
D *ROJL DSSDUDWXVUHODWHG SXQFWXDWH GLVWULEXWLRQ WKURXJKRXW WKH FHOO ZLWK
D FRQFHQWUDWLRQ QHDU WKH QXFOHXV GVPH[SUHVVLQJ ;HQRSXV RRF\WHV GL
PLQLVKHV QRW RQO\ WKH VRGLXPGHSHQGHQW DQG LQGHSHQGHQW DFFXPXODWLRQ
RI'VHULQHEXWDOVRWKHLQWULQVLF'VHULQH7KHGHFUHDVLQJHIIHFWVDUHPRVW
SURPLQHQWRQ'VHULQHPRGHUDWHRQ/VHULQH/WKUHRQLQHRUJO\FLQHEXW
QRWVHHQRQWKHRWKHUDPLQRDFLGVWHVWHG
&RQFOXVLRQV 7KHVH ¿QGLQJV LQGLFDWH WKDW GVP PD\ EH LQYROYHG LQ '
VHULQHWUDQVORFDWLRQDFURVVWKHYHVLFXODURUSODVPDPHPEUDQHVLQWKHEUDLQ
DQGWKHUHE\FRQWUROWKHH[WUDDQGLQWUDFHOOXODUFRQWHQWVRI'VHULQHDQGWKH
10'$UHFHSWRUIXQFWLRQLQJ
32
$VVHVVLQJWKH1HXURSK\VLRORJLF&RUUHODWHVRIQG/DQJXDJH
/HDUQLQJ
0DULD6WHLQ
8QLYHUVLW\+RVSLWDORI&OLQLFDO3V\FKLDWU\'HSDUWPHQWRI3V\FKL
DWULF1HXURSK\VLRORJ\%HUQ6ZLW]HUODQG
7.RHQLJ'+XEO'%UDQGHLV:6WULN7'LHUNV
2EMHFWLYHV 7KH SUHVHQW VWXG\ DLPV DW WUDFLQJ FKDQJHV LQ EUDLQ DFWLYLW\
UHODWHGWRSURJUHVVLQVHFRQGODQJXDJHOHDUQLQJ
0HWKRGV%UDLQ HOHFWULFDO DFWLYLW\ HYRNHGE\YLVXDOO\SUHVHQWHG ODQJXDJH
VWLPXOLZDVPHDVXUHGEHIRUHDQGDIWHUPRQWKVRILQWHQVHODQJXDJHOHDUQ
LQJLQH[FKDQJHVWXGHQWVLQ6ZLW]HUODQG6WLPXOXVPDWHULDOFRQVLVWHGRI
QRXQV LQ WKH SDUWLFLSDQW¶V QDWLYH ODQJXDJH (QJOLVK / KHUKLV VHFRQG
ODQJXDJH*HUPDQ/DQGDQXQNQRZQODQJXDJH5XPDQWVFK$WRWDORI
ZRUGV SHU ODQJXDJHZHUHGLYLGHG LQVHWVRIZRUGVHDFK
SHUODQJXDJH7KHVHWVGLGQRWGLIIHULQPHDQIUHTXHQF\DQGOHQJWKRI
WKHFKRVHQZRUGV7KHQRXQVZHUHSUHVHQWHGLQUDQGRPL]HGRUGHURQDFRP
SXWHUVFUHHQ$IWHUHDFKZRUGWKHSDUWLFLSDQWLQGLFDWHGZKHWKHUWKHPHDQLQJ
RIWKHQRXQZDVNQRZQWRKHUKLP(YHQWUHODWHGSRWHQWLDOV(53VHOLFLWHG
E\WKHZRUGVZHUHUHFRUGHGXVLQJVFDOSHOHFWURGHVDQGFRPSDUHGEHWZHHQ
ODQJXDJHV$GGLWLRQDOO\VXEMHFWVSDUWLFLSDWHGLQWZR*HUPDQODQJXDJHWHVWV
RQWKHGD\RIWKHH[DPLQDWLRQ
5HVXOWV5HVXOWVDUHSUHOLPLQDU\DQGH[SORUHGLIIHUHQFHVEHWZHHQODQJXDJHV
LQWKH¿UVWPHDVXUHPHQWRIDOOVXEMHFWVDVZHOODVLQWKHVHFRQGPHDVXUHPHQW
RIVXEMHFWV
$WVWPHDVXUHPHQWWKHVWURQJHVWHIIHFWVRI*HUPDQODQJXDJHSHUIRUPDQFH
ZDVIRXQGIURPDERXWPVZKHUHDVWURQJFRUUHODWLRQEHWZHHQWKH
VWUHQJWKRI*HUPDQHYRNHGEUDLQDFWLYLW\DQGSHUIRUPDQFH LQ WKH*HUPDQ
ODQJXDJH WHVW ZDV REVHUYHG ,Q WKLV WLPHIUDPH (QJOLVK ZRUGV HOLFLWHG
VWURQJHVW EUDLQ DFWLYLW\ IROORZHGE\5XPDQWVFK DQG*HUPDQHYRNHG DF
WLYLW\,QDODWHU/3&OLNHPLFURVWDWHIURPWRPVDVZHOO(QJOLVK
HOLFLWHGVWURQJHVWDFWLYLW\IROORZHGE\5XPDQWVFKDQG*HUPDQ
5HVXOWVIURPQGPHDVXUHPHQWZLOOEHDGGHGDQGGLVFXVVHGRQWKHSRVWHU
&RQFOXVLRQV
:H IRXQG WKDW LQ D WLPH ZLQGRZ IURP  PV WKH VWUHQJWK RI WKH
*HUPDQHYRNHGDFWLYLW\FRUUHODWHVZLWK*HUPDQODQJXDJHSUR¿FLHQF\)XU
WKHUPRUHRXUUHVXOWVLQGLFDWH WKDWIURPPVRQ(QJOLVKZRUGVHOLFLWHG
VWURQJHUDFWLYLW\WKDQZRUGVIURPWKHRWKHUWZRODQJXDJHV7KXVZHK\SRWK
HVL]HWKDWKLJKHUODQJXDJHSUR¿FLHQF\LVOLQNHGWRPRUHV\QFKURQL]HGEUDLQ
DFWLYLW\ZKLFKLVUHÀHFWHGLQKLJKHU(53DPSOLWXGHV7KLVLQWHUSUHWDWLRQLV
VXSSRUWHGE\VWXGLHVVKRZLQJWKDWWKH/3&DPSOLWXGHLQFUHDVHVZLWKZRUG
IDPLOLDULW\ 5XJJ ¶ DQGPLJKW UHÀHFW PHPRU\ WUDFH VWUHQJWK %HQWLQ
¶
5HIHUHQFHV
5XJJ&R['R\OH	:HOOV(YHQW5HODWHG3RWHQWLDOVDQG5HFROOHFWLRQ
RIORZDQG+LJK)UHTXHQF\:RUGV1HXURSV\FKRO
%HQWLQ0RVFRYLWFK	+HWK0HPRU\ZLWKDQGZLWKRXWDZDUHQHVV-RI
([S3V\FKRO/HDUQLQJ0HPRU\DQG&RJQLWLRQ
6XSSRUWHGE\WKH6ZLVV1DWLRQDO&RPSHWHQFH&HQWHURQ5HVHDUFKRQ1HX
URSODVWLFLW\DQG5HSDLU
32
&DOFLXP6LJQDOOLQJLQ0RRG'LVRUGHUV
3DWULFN-HDQ5RJXH
8QLYHUVLW\/RXLV3DVWHXU)UDQFH
&DLVDKLJKO\YHUVDWLOHLQWUDFHOOXODUVLJQDOWKDWUHJXODWHVDZLGHUDQJHRI
FUXFLDOFHOOXODUDFWLYLWLHV$WDQ\JLYHQWLPHWKHOHYHORILQWUDFHOOXODU&D
LVJRYHUQHGE\DEDODQFHEHWZHHQUHOHDVHSDWKZD\VWKDWFKDQQHO&DLQWR
WKH FHOO XQGHU WKH LQÀXHQFH RI D YDULHW\ RI &DPRELOL]LQJPHVVHQJHUV
LQFOXGLQJLQRVLWROWULVSKRVSKDWHF\FOLF$'3ULERVHDQGQLFRWLQLFDFLG
DGHQLQHGLQXFOHRWLGHSKRVSKDWHDQGSDWKZD\VWKDWUHPRYH&DIURPWKH
F\WRSODVPWKURXJKWKHFRPELQHGDFWLRQRIEXIIHUVSXPSVDQGH[FKDQJHUV
7KHVH &DVLJQDOOLQJ FRPSRQHQWV DUH LQWHJUDWHG LQWR PDFURPROHFXODU
FRPSOH[HV ZKLFK DOORZ WKH ORFDOL]DWLRQ RI WKH &DVLJQDOV 6XFK FRP
SOH[HVLQWHUDFWWRFUHDWHODUJHUPRUHGLYHUVH&DVLJQDOVWKDWVSUHDGZLWK
RVFLOODWRU\ SURSHUWLHV &HOOV DUH VHQVLWLYH WR WKH IUHTXHQF\ RI WKHVH RVFLO
ODWLRQV ZKLFK FDQ WKXV UHJXODWH VSHFL¿F UHVSRQVHV LQFOXGLQJ GLIIHUHQWLDO
JHQH WUDQVFULSWLRQ7KH&DVLJQDOOLQJ V\VWHPV WKHPVHOYHV DUH UHJXODWHG
WKURXJKIHHGEDFNPHFKDQLVPVWKDWUHVSRQGWRFKDQJHVLQWKHSURSHUWLHVRI
WKHRXWSXWVLJQDO
$EQRUPDOUHPRGHOOLQJRI&DVLJQDOOLQJKDVEHHQDVVRFLDWHGZLWKGLVHDVH
VWDWHVVXFKDVPDQLFGHSUHVVLRQ7KXVLWKDVEHHQVXJJHVWHGWKDWQHXURQDO
&DVLJQDOOLQJV\VWHPVPLJKWEHDEQRUPDOLQELSRODUPRRGGLVRUGHU7KLV
PRGHO LV HVVHQWLDOO\ D SKDUPDFRORJLFDO K\SRWKHVLV GHULYHG IURP REVHUYD
WLRQVVKRZLQJWKDWPRRGVWDELOL]HUVVXFKDVOLWKLXPDQGYDOSURDWHLQWHUIHUH
ZLWK WKH PHWDEROLVP RI LQRVLWROWULVSKRVSKDWH DW WKH OHYHO RI LWV
PHWDEROLWH LQRVLWROPRQRSKRVSKDWH SUHYHQWLQJ LWV GHSKRVSKRU\ODWLRQ LQWR
LQRVLWRO $FFRUGLQJ WR WKH LQRVLWRO GHSOHWLRQ K\SRWKHVLV E\ GHFUHDVLQJ
LQRVLWRO FRQFHQWUDWLRQV WKHVH PRRG VWDELOL]LQJ GUXJV EULQJ EDFN WR WKHLU
"2!).¬&5.#4)/.¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
QRUPDORSHUDWLQJUDQJH&DVLJQDOOLQJV\VWHPVZKLFKDUHVHWWRRKLJKLQ
WKHXQWUHDWHGVWDWH+RZHYHUWKHUHLVVFDUFLW\RIGLUHFWHYLGHQFHLQVXSSRUW
RIWKLVPRGHO7KLVFRPPXQLFDWLRQZLOOGLVFXVVUHFHQWFOLQLFDODQGEDVLFGDWD
RQ&DVLJQDOOLQJLQPRRGGLVRUGHUV$PHWDDQDO\VLVRIWKHVH¿QGLQJVZLOO
EHSUHVHQWHGRXWOLQLQJ WKH OLPLWDWLRQVRI WKLVPRGHODQGVXJJHVWLQJQRYHO
GLUHFWLRQVIRUUHVHDUFK
32
(IIHFW2I*DED$QWLERGLHV2Q$OFRKRO&RQVXPSWLRQ,1
&%/0LFH
9DOHQWLQD)RPLQD
,QVWLWXWHRI*HQHUDO3DWKRORJ\DQG3DWKRSK\VLRORJ\5$06
5XVVLD
/XFKLD9HWULOH/XERY%DVKDURYD7DWLDQD'DYLGRYD
2EMHFWLYHV7KHUHLVFORVHFRQQHFWLRQEHWZHHQGRSDPLQHUJLFDQG*$%$HU
JLFV\VWHPVLQEUDLQ7KHGRSDPLQHUJLFV\VWHPSOD\VWKHLPSRUWDQWUROHLQ
PHFKDQLVPVRI DOFRKRO DEXVH7KH DLPRI SUHVHQW VWXG\ZDV WR VWXG\ WKH
HIIHFWRIDFWLYH LQGXFWLRQRI*$%$DQWLERGLHVRQDOFRKROFRQVXPSWLRQ LQ
&%/PLFHSUHGLVSRVHGWRH[SHULPHQWDODOFRKROLVP
0HWKRGV)RULQGXFWLRQRIWKHV\QWKHVLVRI*$%$DQWLERGLHVPLFH&%O
ZLWKDOFRKROGHSHQGHQFHZHUHLPPXQL]HGZLWKLQFUHDVLQJGRVHVRI*$%$
ERYLQH VHUXPDOEXPLQ %6$FRQMXJDWH DQGPJNJE\SUR
WHLQZKLFKZDVV\QWKHVL]HGXVLQJELIXQFWLRQDOUHDJHQWRIJOXWDUDOGHK\GH
7KH¿UVWLPPXQL]DWLRQZDVGRQHVXEFXWDQHRXVO\LQWRWKHQXPHURXVSRLQWV
RQWKHEDFNZLWKFRPSOHWH)UHXQG¶VDGMXYDQW7KUHHZHHNVODWHUWKHVHFRQG
LPPXQL]DWLRQZDVGRQHDQGDZHHNDIWHU WKH VHFRQGRQHRI WKH WKLUG LP
PXQL]DWLRQWRRNSODFHZLWKWKHFRQMXJDWHLWUDPXVFXODUO\ZLWKRXWDGMXYDQW
&RQWUROVPLFHZHUHLQMHFWHGZLWKSURWHLQFDUULHU%6$DQGVDOLQHUHVSHF
WLYHO\ DFFRUGLQJ WR WKH VLPLODU VKHPH DQG WKH VDPH GRVHV$QLPDOVZHUH
JLYHQWKHRSSRUWXQLW\RIFKRLFHEHWZHHQHWKDQROVROXWLRQRUZDWHULQ
WKHLUKRPHFDJHVKDYLQJIUHHDFFHVVWRERWWHOV)UHHFKRLFHEHWZHHQDOFRKRO
DQGZDWHUZDVDYDLODEOHIRUDOOH[SHULPHQWWLPH
5HVXOWV 7KH LPPXQL]DWLRQ RIPLFH ZLWK *$%$%6$ FRQMXJDWH UHVXOWHG
WRLQGXFWLRQRIV\QWKHVLVRIDQWLERGLHVWKDWELQG*$%$7KHKLJKHVWOHYHOV
RI*$%$DQWLERGLHVZHUHGHWHFWHGDIWHUF\FOHRILPPXQL]DWLRQ,Q
WKHFRQWUROJURXSRIDQLPDOVWKHWLWHURIDQWLERGLHVZDVQRWKLJKHUWKDQ
 LH QRW KLJKHU WKDQ WKH EDFNJURXQG OHYHO EHIRUH LPPXQL]DWLRQ$FWLYH
LPPXQL]DWLRQ ZLWK *$%$%6$ FRQMXJDWHG DQWLJHQ VLJQL¿FDQWO\ UHGXFHG
DOFRKRO LQWDNH LQPLFH&%OZLWK DOFRKRO GHSHQGHQFH GXULQJ DPRQWK
DIWHULPPXQL]DWLRQ
&RQFOXVLRQV3UHVHQW UHVXOWV LQGLFDWH WKDWDFWLYH LPPXQL]DWLRQRI*$%$
%6$FRQMXJDWHGHFUHDVHVDOFRKROFRQVXPSWLRQ LQDOFRKROSUHIIHULQJPLFH
7KH HIIHFWV RI *$%$ DQWLERGLHV PLJKW EH JHQHUDO LQWHUHVW IRU FOLQLF RI
DOFRKROLVP
"2!).¬&5.#4)/.¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
32
3RVWHU6HVVLRQ1R
32
0RGXODWLRQRIȖVHFUHWDVH$FWLYLW\E\D)DFWRU;D,QKLELWRU
$QDORJXH
+HUPDQQ(VVHOPDQQ
8QLYHUVLW\RI*RHWWLQJHQ*HUPDQ\
-XDQ0DQXHO0DOHU7KRPDV'\UNV0RQLFD.RFKDQQ\
8GR5HXOEDFK1LNRODXV.XQ]6DELQH3DXO3LRWU/HZF]XN
-RKDQQHV.RUQKXEHU0LUNR%LEO(FNDUW5XHWKHU-HQV:LOWIDQJ
2EMHFWLYHV :H VWXGLHG HQGRJHQRXV DP\ORLG SUHFXUVRU SURWHLQ $33
SURFHVVLQJ DQG DP\ORLG EHWD $ȕ SHSWLGH IRUPDWLRQ LQ SULPDU\ FKLFNHQ
WHOHQFHSKDOLFQHXURQVEHFDXVHWKHLU$ȕSHSWLGHVHTXHQFHLVLGHQWLFDOWRKX
PDQV7DUJHWLQJWKHGHSRVLWLRQRIȕDP\ORLGLQWRQHXULWLFSODTXHVKDVEHHQ
VXJJHVWHGDVDSKDUPDFRORJLFDODSSURDFKWRDOWHUWKHSURJUHVVLRQRI$O]KH
LPHU¶VGLVHDVH6RPHQRQVWHURLGDODQWLLQÀDPPDWRU\GUXJV16$,'VZHUH
UHFHQWO\VKRZQWRVSHFL¿FDOO\LQKLELWWKHVHFUHWLRQRIWKHKLJKO\DP\ORLGRJ
HQLF ȕDP\ORLG $ȕ SHSWLGH$ȕ E\ GLUHFWO\ WDUJHWLQJ WKH SUHVHQLOLQ
GHSHQGHQWȖVHFUHWDVHFRPSOH[7KHUHIRUHRXUDSSURDFKDLPHGWRHVWDEOLVKD
SULPDU\QHXURQDOFHOOFXOWXUHV\VWHPDQGWRLGHQWLI\FRPSRXQGVZKLFKFRXOG
VHUYHDVSRWHQWLDOLQKLELWRUVPRGXODWRUVRIȖVHFUHWDVHDFWLYLW\
0HWKRGV 8VLQJ FXOWXUHV RI SULPDU\ FKLFNHQ WHOHQFHSKDOLF QHXURQV ZH
VWXGLHG HQGRJHQRXV ȕDP\ORLG SUHFXUVRU SURWHLQ $33 SURFHVVLQJ $ȕ
SHSWLGH IRUPDWLRQ DQG LWV SKDUPDFRORJLFDO PRGXODWLRQ XVLQJ WKH 16$,'
VXOLQGDF VXO¿GH DQG WKH IDFWRU ;D LQKLELWRU =. E\ TXDQWLWDWLYH
$ȕ6'63$*( LPPXQREORW DQG E\ VXUIDFH HQKDQFHG ODVHU GHVRUSWLRQ
LRQL]DWLRQWLPHRIÀLJKWPDVVVSHFWURPHWU\6(/',72)06
5HVXOWV$ȕSHSWLGHV$ȕDQG WKUHHDGGLWLRQDO&WUXQFDWHG VSHFLHV
QDPHO\ $ȕ ZHUH UHJXODUO\ UHOHDVHG LQWR WKH FXOWXUH PHGLXP
VWURQJO\UHVHPEOLQJWKHKLJKO\FRQVHUYHG$ȕTXLQWHWSDWWHUQIRXQGLQKXPDQ
FHUHEURVSLQDO ÀXLG =. D IDFWRU;D DQG VHULQH SURWHDVH LQKLELWRU
GRVHGHSHQGHQWO\LQGXFHGDVSHFL¿FGHFUHDVHLQVHFUHWHG$ȕDPDUNHG
HOHYDWLRQRI$ȕDQG WRD OHVVHUH[WHQG$ȕ$ȕDQGWKHWRWDO
DPRXQWRIVHFUHWHG$ȕSHSWLGHVUHPDLQHGXQDIIHFWHG7KLVSDWWHUQPLPLFNV
WKHHIIHFWRI16$,'VXOLQGDFVXO¿GHRQ$ȕVHFUHWLRQ,QWUDFHOOXODUO\QRWRQO\
$ȕEXWDOVR$ȕZDVGHFUHDVHGZKLOHIXOOOHQJWK$33UHPDLQHGXQ
FKDQJHG&WUXQFDWHGIUDJPHQWȕ&7)ȕVKRZHGDQRQVLJQL¿FDQWHOHYDWLRQ
LQGLFDWLQJȖVHFUHWDVHLQKLELWLRQ7KHĮVHFUHWDVHSDWKZD\ZDVQRWDIIHFWHG
E\=.&RLQFXEDWLRQRI=.DQGVXOLQGDFVXO¿GHKDGDQDGGL
WLYHLQKLELWRU\HIIHFWRQ$ȕVHFUHWLRQ
&RQFOXVLRQV 7KHVH UHVXOWV GHPRQVWUDWH IRU WKH ¿UVW WLPH WKDW VXOLQGDF
VXO¿GH DQG D VHULQH SURWHDVH LQKLELWRUIDFWRU ;D LQKLELWRU DQDORJXH
=.ERWKVKRZDVLPLODUPRGHRILQKLELWLRQRI$ȕSHSWLGHVVHFUH
WLRQLQRXUXQWUDQVIHFWHGSULPDU\FHOOFXOWXUHV\VWHP7KHUHIRUHFRPSRXQG
=.PLJKWEHXVHIXODVSKDUPD¤FRORJLFDOPRGXODWRURI$ȕSHSWLGH
IRUPDWLRQDQGDVDWRROWRVWXG\VWUXFWXUHDFWLYLW\UHODWLRQVKLSVIRUVHOHFWLYH
LQKLELWLRQRIWKHȖVHFUHWDVHFRPSOH[
32
*HQRPLF'LIIHUHQFHVEHWZHHQ0RQR]\JRWLF7ZLQV'LVFRUGDQW
)RU$XWLVP
$RL+DVKLGD
-RK\D+RVSLWDO-DSDQ
7DNDKLUR7VXMLWD$NLUD,PDPXUD+LGHML<DPDVKLWD<XML2ND]DNL
2EMHFWLYHV 7KH SXUSRVH RI WKLV VWXG\ ZDV WR FRPSDUH WKH JHQRPHV RI
PRQR]\JRWLFWZLQVGLVFRUGDQWIRUDXWLVPXVLQJWKHÀXRUHVFHQFHUHSUHVHQWD
WLRQDOJHQRPLFSUR¿OLQJ)5*3PHWKRGWRGHWHFWJHQRPLFGLIIHUHQFHV
0HWKRGV7KHVXEMHFWVZHUHDSDLURIIHPDOHPRQR]\JRWLFWZLQVGLVFRUGDQW
IRU$XWLVWLF 'LVRUGHU '60,9 *HQRPLF'1$ZDV H[WUDFWHG IURP OHX
NRF\WHVXVLQJDVWDQGDUGSKHQROFKORURIRUPPHWKRG:HSHUIRUPHG)5*3
LQZKLFKWKHZKROHJHQRPHLVVFDQQHGXVLQJWZRGLPHQVLRQDOJHOHOHFWUR
SKRUHVLVDIWHUGLJHVWLRQZLWKDPHWK\ODWLRQVHQVLWLYHUHVWULFWLRQHQ]\PHDQG
ÀXRUHVFHQWODEHOLQJ,QWKLVVWXG\ZHXVHG(DJ,DVWKHODQGPDUNHQ]\PHDQG
0ER,DVWKHH[WHQVLRQHQ]\PH
5HVXOWV$IWHUFRPSDULQJSDWWHUQVZLWKDSSUR[LPDWHO\VSRWVDVUHVWULF
WLRQ ODQGPDUNV ZH GHWHFWHG DW OHDVW IRXU VSRWV WKDW GLIIHUHG LQ LQWHQVLW\
EHWZHHQ WKH WZLQV7ZRRI WKH IRXU WDUJHW VSRWVZHUHVXFFHVVIXOO\FORQHG
2QHZDVLGHQWLFDOZLWKSDUWRI%$&FORQH53*ORFDWHGLQS
DQG LQFOXGHG DSDUW RI+,3 +XQWLQJWLQ LQWHUDFWLQJSURWHLQ7KHRWKHU
ZDVLGHQWLFDOZLWKSDUWRI%$&FORQH53*ORFDWHGLQTDQG
LQFOXGHGDSDUWRI7539WUDQVLHQWUHFHSWRUSRWHQWLDOFDWLRQFKDQQHOVXE
IDPLO\DQG*/73JO\FROLSLGWUDQVIHUSURWHLQ
&RQFOXVLRQV7KH)5*3PHWKRGHQDEOHGXVWRGHWHFWJHQRPLFGLIIHUHQFHV
EHWZHHQPRQR]\JRWLFWZLQVGLVFRUGDQWIRUDXWLVP7KHGLVFUHSDQFLHVZHUH
OLNHO\JHQHUDWHGE\GLIIHUHQFHV LQ WKHPHWK\ODWLRQVWDWXVRI'1$EHWZHHQ
WKHWZLQV7VXMLWDHWDO6XFKGLIIHUHQFHVPD\LQÀXHQFHWKHWUDQVFULS
WLRQRIWKHDERYHUHIHUHQFHGJHQHV7VXMLWDHWDO
5HIHUHQFHV
7VXMLWD 7 .D\DVKLPD 7 1LLNDZD 1 1DNDQH < DQG 2ND]DNL < 
$UH0RQR]\JRWLF 7ZLQV 'LVFRUGDQW IRU 3V\FKRVLV FDXVHG E\ 'LIIHUHQWLDO
0HWK\ODWLRQ",Q0L\RVKL.6KDSLUR&0*DYLULD0DQG0RULWD<HGV
&RQWHPSRUDU\1HXURSV\FKLDWU\6SULQJHU9HUODJ7RN\RSS
7VXMLWD 7 1LLNDZD 1 <DPDVKLWD + ,PDPXUD$ +DPDGD$ 1DNDQH<
2ND]DNL< *HQRPLF GLVFRUGDQFH EHWZHHQPRQR]\JRWLF WZLQV GLVFRUGDQW
IRUVFKL]RSKUHQLD$P-3V\FKLDWU\0DU
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'HSUHVVLYH6\PSWRPVDQG$Q[LHW\GXULQJ3UHJQDQF\
/DLPD/DSNLHQH
,QVWLWXWHRI(QGRFULQRORJ\DW.DXQDV8QLYHUVLW\RI0HGLFLQH
/LWKXDQLD
1DUVHWD0LFNXYLHQH9LFWRU-03RS,QJULGD0RFNXWH
5REHUWDV%XQHYLFLXV
2EMHFWLYHV 7R DVVHVV UHODWLRQVKLS EHWZHHQ V\PSWRPV RI GHSUHVVLRQ DQG
DQ[LHW\GXULQJSUHJQDQF\DQGKLVWRULFDOFKDUDFWHULVWLFV
0HWKRGV  SUHJQDQW ZRPHQ DWWHQGLQJ DQWHQDWDO FOLQLF DW WKH .DXQDV
8QLYHUVLW\ RI 0HGLFLQH ZHUH DVVHVVHG IRU GHSUHVVLRQ DQG DQ[LHW\ XVLQJ
VWDQGDUG PRRG VFDOHV WKUHH WLPHV GXULQJ SUHJQDQF\ 7KH\ FRPSOHWHG WKH
(GLQEXUJK3RVWQDWDO'HSUHVVLRQ6FDOH(3'6>@DQGWKH6SLHOEHUJHU7UDWH
$Q[LHW\,QYHQWRU\67$,>@DWWKH¿UVWDWWKHVHFRQGDQGDWWKHWKLUGWUL
PHVWHU7KH(3'6VFRUHVDERYHZHUHFRQVLGHUHGDVSUREDEOHGHSUHVVLRQ
WKH67$,VFRUHVEHORZZHUHFRQVLGHUHGDV ORZOHYHORIDQ[LHW\VFRUHV
EHWZHHQDQGDVPRGHUDWHOHYHORIDQ[LHW\DQGVFRUHVDERYHDVKLJK
OHYHORIDQ[LHW\+LVWRU\RIPRRGGLVRUGHUVDQGSUHJQDQF\ZDVHYDOXDWHG
5HVXOWV :RPHQ IRU ZKRP SUHJQDQF\ ZDV XQSODQQHG RU XQZDQWHG LQ
FRPSDULVRQWRZRPHQZLWKSODQHGDQGZDQWHGSUHJQDQF\PRUHIUHTXHQWO\
H[SHULHQFHG KLJK OHYHOV RI DQ[LHW\ GXULQJ WKH ¿UVW  YV 
S WKHVHFRQGYVS DQGWKHWKLUGYV
S WULPHVWHURISUHJQDQF\:RPHQZKRVH¿UVWGHJUHHIDPLO\
PHPEHUVVXIIHUHGIURPGHSUHVVLRQLQFRPSDULVRQWRZRPHQZLWKRXWIDPLO\
KLVWRU\ RI GHSUHVVLRQPRUH IUHTXHQWO\ H[SHULHQFHG KLJK OHYHOV RI DQ[LHW\
YVS  LQ WKH¿UVW WULPHVWHU:RPHQZKRKDGKLVWRU\
RIDQ[LHW\RUGHSUHVVLYHGLVRUGHU LQFRPSDULVRQ WRZRPHQZLWKRXWVXFKD
KLVWRU\PRUHIUHTXHQWO\H[SHULHQFHGKLJKOHYHOVRIDQ[LHW\YV
S LQWKHWKLUGWULPHVWHU3UREDEOHGHSUHVVLRQDFFRUGLQJWR(3'6ZDV
QRWUHODWHGWRKLVWRULFDOFKDUDFWHULVWLFVRIPRRGGLVRUGHUVRUSUHJQDQF\
&RQFOXVLRQV8QSODQQHG RU XQZDQWHG SUHJQDQF\ LV D ULVN IDFWRU IRU KLJK
OHYHOV RI DQ[LHW\ EXW QRW GHSUHVVLRQ GXULQJ WKHZKROH SUHJQDQF\ )DPLO\
KLVWRU\RIGHSUHVVLRQLVDULVNIDFWRUIRUKLJKOHYHOVRIDQ[LHW\LQHDUO\SUHJ
QDQF\ZKLOHKLVWRU\RIWUHDWPHQWRIGHSUHVVLRQRUDQ[LHW\GLVRUGHULVDULVN
IDFWRUIRUKLJKOHYHOVRIDQ[LHW\LQODWHSUHJQDQF\
5HIHUHQFHV
/DSNLHQH/HWDO9DOLGDWLRQRIWKH(GLQEXUJK3RVWQDWDO6FDOH(3'6
,Q/LWKXDQLD/LWKXDQLDQ2EVWHWULFV	*\QHFRORJ\9,,
6SLHOEHUJHU&'HWDO0DQXDOIRUWKH6WDWH7UDLW$Q[LHW\,QYHQWRU\
3DOR$OWR&$&RQVXOWLQJ3V\FKRORJLVWV
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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,QWHUUHODWLRQVKLSVEHWZHHQ3DLQ'LVDELOLW\DQG3V\FKRORJLFDO
)DFWRUVLQ3DWLHQWVZLWK/XPEDU'LVF+HUQLDWLRQ
&KXO/HH
7KH&DWKROLF8QLYHUVLW\RI.RUHD5HSXEOLFRI.RUHD
7DH6XN.LP&KL8Q3DH-XQJ-LQ.LP&KDQJ8N/HH
2EMHFWLYHV ,Q WKLV VWXG\ZH FRPSDUH WKH SV\FKRORJLFDO IDFWRUV EHWZHHQ
OXPEDU GLVF KHUQLDWLRQ /'+ SDWLHQWV DQG KHDOWK\ FRQWUROV DQG HYDOXDWH
WKHLQWHUUHODWLRQVKLSVEHWZHHQSDLQGLVDELOLW\DQGSV\FKRORJLFDOIDFWRUVLQ
/'+SDWLHQWVZLWKRXWVXUJLFDOWUHDWPHQWV
0HWKRGV7KHVXEMHFWVFRQVLVWHGRISDWLHQWVZLWK/'+DQGKHDOWK\
FRQWUROVZKR DUH FRQVHFXWLYHO\ UHFUXLWHG$OO SDWLHQWV DQG FRQWUROV FRP
SOHWHG %HFN¶V 'HSUHVVLRQ ,QYHQWRU\ 6SLHOEHUJHU¶V 6WDWH7UDLW $Q[LHW\
,QYHQWRU\7RHYDOXDWHSDLQLQWHQVLW\DQGIXQFWLRQDOGLVDELOLW\9LVXDO$QD
ORJXH6FDOHDQG0RGL¿HG2VZHVWU\/RZ%DFN3DLQ'LDVELOLW\4XHVWLRQQDLUH
ZHUHXVHG
5HVXOWV/'+SDWLHQWVKDGPRUHGHSUHVVLRQDQGDQ[LHW\WKDQKHDOWK\FRQ
WUROV7KHIXQFWLRQDOGLVDELOLW\RIWKH/'+SDWLHQWVZDVVLJQL¿FDQWUHODWHGWR
IRXUYDULDEOHVSDLQLQWHQVLW\SGHSUHVVLRQS VWDWHDQ[LHW\
S DQGWUDLWDQ[LHW\S &RUUHODWLRQVEHWZHHQSDLQLQWHQVLW\
DQGGHSUHVVLRQVWDWHDQ[LHW\DQGWUDLWDQ[LHW\LQWKH/'+SDWLHQWVZHUHDOO
QRQVLJQL¿FDQW3DLQLQWHQVLW\S DQGVWDWHDQ[LHW\S FRQWULE
XWHGVLJQL¿FDQWO\WRIXQFWLRQDOGLVDELOLW\LQWKH/'+SDWLHQWV
&RQFOXVLRQV7KLVVWXG\VXJJHVWVWKDW/'+SDWLHQWVKDYHVRPHSV\FKRORJL
FDOSUREOHPV VXFKDVGHSUHVVLRQDQGDQ[LHW\ LQFRPSDULVRQZLWKKHDOWK\
FRQWUROV)XUWKHUPRUHWKHSDLQLQWHQVLW\DQGVWDWHDQ[LHW\SUHGLFWWKHIXQF
WLRQDOGLVDELOLW\LQ/'+SDWLHQWV
32
9RQVDWWHO¶V1HXURSDWKRORJLFDO&ULWHULDRQ05,LQ+'
$QQD.+|GO
8QLYHUVLW\&OLQLFRI3V\FKLDWU\0HGLFDO8QLYHUVLW\*UD]$XVWULD
0DJQHW0..DSIKDPPHU+3%RQHOOL50
2EMHFWLYHV 7R FRUUHODWH WKH JUDGH RI FHUHEUDO DWURSK\ LQ +XQWLQJWRQ¶V
GLVHDVH+'ZLWKWKHVWDJHRIWKHGLVHDVH
0HWKRGVSDWLHQWVZLWK+'LQGLIIHUHQWVWDJHVZHUHLQFOXGHGLQRXUVWXG\
05,VFDQVZHUHSHUIRUPHGDQGJUDGHGXVLQJWKH9RQVDWWHOFULWHULDIRUQHX
URSDWKRORJLFDOJUDGLQJ)XUWKHUPRUHZHKDYHFRUUHODWHGWKH9RQVDWWHOJUDGH
ZLWKWKH8QLWHG+'5DWLQJ6FDOH8+'56WKLVLQFOXGHGPRWRUIXQFWLRQ
QHXURSV\FKRORJLFDOIXQFWLRQDQGSV\FKLDWULFV\PSWRPVDQGZLWKQXPEHURI
&$*&\WRVLQ$GHQLQ*XDQLQUHSHDWV
5HVXOWV$V H[SHFWHG WKH FRUUHODWLRQ EHWZHHQ8+'56&$* UHSHDWV DQG
9RQVDWWHOJUDGHRIQHXURGHJHQHUDWLRQZDVKLJKO\VLJQL¿FDQWKRZHYHULWGLG
QRWFRUUHODWHZLWKSV\FKLDWULFV\PSWRPV
&RQFOXVLRQV +' LV DQ DXWRVRPDO GRPLQDQWO\ LQKHULWHG QHXURSV\FKLDWULF
GLVRUGHU,W LVFDXVHGE\DJHQHWLFGHIHFWRQWKHVKRUWDUPRIFKURPRVRPH
DWSOHDGLQJWRDQLQFUHDVHGQXPEHURI&$*UHSHDWVLQWKHFRGLQJ
VHTXHQFH7KLVOHDGVWRGHJHQHUDWLRQRIFHUHEUDOVWUXFWXUHVHVSHFLDOO\RIWKH
EDVDOJDQJOLD2XUVWXG\SURYHVWKDWWKHJUDGHRIFHUHEUDODWURSK\LQFUHDVHV
DVWKHGLVHDVHSURJUHVVHV
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$VVRFLDWLRQRI)XQFWLRQDO([DPLQDWLRQ0HWKRGVDQG&RJQLWLYH
'HILFLWLQ3DWLHQWVZLWK$XWRQRPLF'RPLQDQW6SLQRFHUHEHOODU
$WD[LD±$3LORW6WXG\
-LUL0DVRSXVW
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKLDWULF&OLQLF)DFXOW\+RVSLWDO
DQG)DFXOW\RI0HGLFLQH+UDGHF.UiORYp&]HFK5HSXEOLF
$8UEDQ=5tKRYi(8UEDQRYi-.UHPOiFHN$=XPURYi
7KHFHUHEHOOXPSOD\VUROHLQPXOWLSOHIXQFWLRQDOGRPDLQVPRWRUVHQVRU\
DIIHFWLYHDQGFRJQLWLYH$XWRVRPDOGRPLQDQWVSLQRFHUHEHOODUDWD[LDV6&$
SURYLGH D XVHIXO PRGHO RI FHUHEHOODU SDWKRORJ\ LQ VWXG\LQJ RI QRQPRWRU
IXQFWLRQDO GH¿FLWV 7KH DLP RI WKH SUHVHQW SLORW VWXG\ ZDV WR H[DPLQH
KRZ FHUHEHOODU SDWKRORJ\ FDQ LPSDFW QRQPRWRU FHUHEHOODU IXQFWLRQV:H
H[DPLQHG6&$SDWLHQWVDJHV±\HDUVE\SV\FKLDWULFQHXURSV\
FKRORJLFDOIXQFWLRQDOQHXURLPDJLQJDQGHOHFWURSK\VLRORJLFDOH[DPLQDWLRQV
,Q  SDWLHQWV ZLWK 6&$ ZH HVWDEOLVKHG SV\FKLDWULF GLDJQRVLV 0RVWO\ ZH
GLDJQRVHG PLOG FRJQLWLYH LPSDLUPHQW RUJDQLF DIIHFWLYH GLVRUGHU DQG
RUJDQLF SHUVRQDOLW\ GLVRUGHU ,Q QHXURSV\FKRORJLFDO DVVHVVPHQW ZH IRXQG
LPSDLUPHQWRIH[HFXWLYHIXQFWLRQVVXFKDVVHWVKLIWLQJSODQQLQJDQGYHUEDO
ÀXHQF\ GLI¿FXOWLHV ZLWK YLVXRPRWRU FRRUGLQDWLRQ GH¿FLW LQ DOO W\SHV RI
DWWHQWLRQ5HJLRQDO FHUHEUDO ÀRZ U&%)ZDVPHDVXUHG LQ DOO SDWLHQWV E\
VLQJOH SKRWRQ HPLVVLRQ FRPSXWHG WRPRJUDSK\7KLV H[DPLQDWLRQ GHWHFWHG
GHFUHDVHGU&%)LQWKHFHUHEHOOXPLQSDWLHQWVDQGLQWHUHVWLQJO\LQRIWKHP
DOVRGHFUHDVHGU&%)LQWKHOHIWIURQWDOFRUWH[
)RU WKH HOHFWURSK\VLRORJLFDO HYDOXDWLRQ RI WKH YLVXDO V\VWHP IXQFWLRQ LQ
6&$ SDWLHQWV ZH XVHG WKUHH W\SHV RI VWLPXOL SDWWHUQUHYHUVDO DFWLYDWLQJ
SULPDU\YLVXDOFRUWH[PRWLRQRQVHWGRUVDOVWUHDPDQGH[WUDVWULDWHDUHDV
DQGFRJQLWLYHUHVSRQVHLQRGGEDOOSDUDGLJPFRPSOH[IURQWRFHQWUDODFWLYD
WLRQ7KHFRPSDULVRQEHWZHHQJURXSRI6&$SDWLHQWVDQGFRQWUROVH[KLELWHG
VLJQL¿FDQWGLIIHUHQFHVLQGRUVDOVWUHDPSURFHVVLQJ7KHPRWLRQRQVHWGRPL
QDQWSHDN1DVZHOODVWKHODWHQHJDWLYHSHDN1LQSDWWHUQUHYHUVDO
UHVSRQVHKDGSURORQJHGODWHQF\DQGUHGXFHGDPSOLWXGHLQWKHSDWLHQWVJURXS
6LPLODUFKDQJHVZHUHSUHVHQWLQ1ZDYHRIWKHRGGEDOOUHVSRQVHEXWLQWHU
HVWLQJO\QR3ODWHQF\VKLIWZDVREVHUYHGZKLOHWKH3DPSOLWXGHZDV
UHGXFHGLQVSLWHRIWKHVLJQL¿FDQWO\VORZHUUHDFWLRQWLPHLQSDWLHQWV7KHVH
SUHOLPLQDU\GDWDVXSSRUWWKHQRWLRQWKDWFHUHEHOOXPSOD\VDUROHLQFRJQLWLYH
LQIRUPDWLRQ SURFHVVLQJ DQG EHKDYLRU )XUWKHU FRQWLQXDWLRQ RI RXU SURMHFW
ZLOO FRQWULEXWH WR WKH GHHSHU XQGHUVWDQGLQJ RI JHQRW\SH DQG SKHQRW\SH
UHODWLRQVKLSLQKHUHGLWDU\DWD[LDV
32
7K7KDQG7K&\WRNLQHV,QWHUDFWLRQLQ0DMRU3V\FKLDWULF
'LVRUGHUV
$\H0X0\LQW
0DDVWULFKW8QLYHUVLW\1HWKHUODQGV
<RQJ.X.LP+DUU\:06WHLQEXVFK%ULDQ(/HRQDUG
2EMHFWLYHV3UHYLRXVVWXGLHVKDYHVKRZQWKDWWKHEDODQFHEHWZHHQ7KF\
WRNLQHVDQG7KF\WRNLQHVSOD\VDUROHLQPRGXODWLRQRIFHOOXODUUHVSRQVHVLQ
WKHEUDLQLQGHSUHVVLRQ0DHVLQELSRODUPDQLDDQGLQVFKL]RSKUHQLD
0DHVHWDODQGZHUHPRGL¿HGE\ WKHUDSHXWLFDJHQWV .XEHUDHWDO
0DHVHWDO7KH7KF\WRNLQHWUDQVIRUPLQJJURZWKIDFWRUEHWD
 7*)ȕ KDV EHHQ VKRZQ WR EH SUHVHQW LQ WKH FHQWUDO QHUYRXV V\VWHP
3UXGµKRPPHDQG3LFFLULOORDQGWRUHJXODWHWKHEDODQFHRI7KDQG
7KF\WRNLQHV6FKPLWWHWDO7KHUHIRUHWRXQGHUVWDQGWKHUROHRIDOO
7K7KDQG7KF\WRNLQHV LQWHUDFWLRQ LQSV\FKRLPPXQRORJ\ LQ WKHVH
PDMRU SV\FKLDWULF GLVRUGHUV WKH FKDQJHV RI ,)1Ȗ 7K ,/ 7K DQG
7*)ȕ7KLQGHSUHVVHGELSRODUPDQLFDQGVFKL]RSKUHQLFSDWLHQWVEHIRUH
DQGDIWHUWKHWUHDWPHQWZHUHH[SORUHG
0HWKRGV$WRWDORIGHSUHVVHGSDWLHQWVZLWK'60,9FULWHULDELSRODU
PDQLF SDWLHQWV  VFKH]RSKUHQLF SDWLHQWV DQG  QRUPDO FRQWUROV ZHUH
UHFUXLWHG 7KRVH GHSUHVVHG SDWLHQWV ZHUH GUXJ QDwYH RU GUXJ IUHH IRU 
PRQWKVDQGZLWKVHYHUHV\PSWRPVDWWKHWLPHRIDGPLVVLRQ7KHHDUO\PRUQ
LQJSODVPD VDPSOHVZHUH FROOHFWHG DW WKH WLPHRI DGPLVVLRQ DQGZHHNV
DIWHU DSSURSULDWH WUHDWPHQW ZLWK DQWLGHSUHVVDQWV RU PRRG VWDELOL]HUV RU
DQWLSV\FKRWLFV7KHSODVPDFRQFHQWUDWLRQVRI,)1Ȗ,/DQG7*)ȕZHUH
DQDO\VHGXVLQJ5	'6\VWHPV'XR6HW(/,6$GHYHORSPHQWUHDJHQWV
5HVXOWV 7KH ,)1Ȗ ,/ UDWLRV ZHUH VLJQL¿FDQWO\ KLJKHU LQ GHSUHVVHG
SDWLHQWV ELSRODU SDWLHQWV DQG VFKL]RSKUHQLF SDWLHQWV WKDQ LQ FRQWUROV
S DQG UHVSHFWLYHO\7KH7*)ȕ OHYHOV VKRZHGQR
GLIIHUHQFHEHWZHHQGHSUHVVHGSDWLHQWVDQGFRQWUROVEXWVLJQL¿FDQWO\ ORZHU
LQELSRODUSDWLHQWVS DQGVLJQL¿FDQWO\KLJKHU LQVFKL]RSKUHQLFSD
WLHQWVS$IWHU WUHDWPHQW7*)ȕOHYHO LQFUHDVHGVLJQL¿FDQWO\LQ
GHSUHVVHG SDWLHQWV S DQG ELSRODU SDWLHQWV S  EXW GHFUHDVHG
VLJQL¿FDQWO\SLQVFKL]RSKUHQLFV7KH,)1Ȗ,/UDWLRGHFUHDVHG
VLJQL¿FDQWO\ S LQ ERWK GHSUHVVHG DQG VFKL]RSKUHQLF SDWLHQWV FRP
SDUHG WR WKRVH DW WKH WLPH RI DGPLVVLRQZKHUHDV QR FKDQJHV REVHUYHG LQ
ELSRODUPDQLFSDWLHQWV
&RQFOXVLRQV$FFRUGLQJ WR RXU ¿QGLQJV WKH7K F\WRNLQH7*)ȕPD\
SOD\ D UROH LQ WKH SDWKRSK\VLRORJ\ RIPDMRU SV\FKLDWULF GLVRUGHUV DQG LWV
FRQFHQWUDWLRQ YDULHV LQYHUVHO\ WR7K DQG7K F\WRNLQHV LQ SDWLHQWVZLWK
PDMRUSV\FKLDWULFGLVRUGHUV
5HIHUHQFHV
.XEHUD00DHV0+RODQ9%DVWD.DLP$5RPDQ$6KDQL- E
3URORQJHGGHVLSUDPLQHWUHDWPHQWLQFUHDVHVWKHSURGXFWLRQRILQWHUOHXNLQ
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
DQ DQWLLQÀDPPDWRU\ F\WRNLQH LQ&%/PLFH VXEMHFWHG WR WKH FKURQLF
PLOGVWUHVVPRGHORIGHSUHVVLRQ-$IIHFW'LVRUG
0DHV0&\WRNLQHVLQPDMRUGHSUHVVLRQ%LRO3V\FKLDWU\
0DHV0%RVPDQV(&DODEUHVH-6PLWK50HOW]HU+<,QWHUOHXNLQ
DQG,QWHUODXNLQLQVFKL]RSKUHQLDDQGPDQLDHIIHFWVRIQHXUROHSWLFVDQG
PRRGVWDELOL]HUV-3V\FKLDWU5HV
3UXGµKRPPH*-3LFFLULOOR&$7KHLQKLELWRU\HIIHFWVRIWUDQVIRUP
LQJ JURZWK IDFWRUEHWD 7*)EHWD LQ DXWRLPPXQH GLVHDVHV -$XWRLP
PXQ
6FKPLWW (+RHKQ3+XHOV& HW DO 7 KHOSHU W\SH  GHYHORSPHQW
RIQDLYH&'7FHOOVUHTXLUHVWKHFRRUGLQDWHDFWLRQRILQWHUOHXNLQDQG
LQWHUIHURQJDPPDDQGLVLQKLELWHGE\WUDQVIRUPLQJJURZWKIDFWRUEHWD(XU
-,PPXQRO
32
1HXURSV\FKRORJLFDO$VVHVVPHQWRI$SUD[LDLQ+XQWLQJWRQ¶V
'LVHDVH
$QQD.+|GO
8QLYHUVLW\&OLQLFRI3V\FKLDWU\0HGLFDO8QLYHUVLW\*UD]$XVWULD
0DUNXV.0DJQHW5RWWUDXW,OOH5DSKDHO0%RQHOOL
2EMHFWLYHV,GHRPRWRUOLPEDSUD[LDLQSDWLHQWVZLWKJHQHWLFDOO\GLDJQRVHG
+XQWLQJWRQ¶VGLVHDVH+'KDVEHHQUDUHO\LQYHVWLJDWHGQHXURSV\FKRORJLFDO
H[SHUWVGLIIHURYHU WKHRFFXUUHQFHRIDSUD[LD LQ+' ,Q6KHOWRQDQG
.QRSPDQDQGLQ+DPLOWRQHWDOH[DPLQHGDVPDOOQXPEHURISDWLHQWV
DQG+'SDWLHQWVUHVSHFWLYHO\QRWKDYLQJXVHGVWDQGDUGLVHGWHVWV
0HWKRGV  RXWSDWLHQWV ZLWK JHQHWLFDOO\ GLDJQRVHG +'  PHQ 
ZRPHQDQGDJHDQGVH[PDWFKHGFRQWUROVPHQZRPHQZHUH
H[DPLQHG3DWLHQWVDQGFRQWUROVXQGHUZHQWDWHVWEDWWHU\FRQVLVWLQJRILWKH
0LQL0HQWDO6WDWH([DPLQDWLRQ006(LLWKH'H5HQ]L7HVWIRUDSUD[LD
LLLDWHVWIRULPLWDWLRQIRUKDQGV¶PRYHPHQWVLYDWHVWIRULPLWDWLRQIRU¿Q
JHUV¶PRYHPHQWVYDWHVWIRUH[HFXWLRQRIJHVWXUHVRQGHPDQGYLDWHVWIRU
SDQWRPLPLFPRYHPHQWV6WXGHQW¶V W7HVWVRU0DQQ:KLWQH\87HVWVZHUH
XVHGIRULQGHSHQGHQWPHDVXUHVRIJURXSFRPSDULVRQWKH)ULHGPDQWHVWZDV
XVHGIRUWKHFRPSDULVRQRIVHYHUDOUHODWHGVDPSOHV
5HVXOWV3DWLHQWVZLWK+'VKRZHGDKLJKO\VLJQL¿FDQWZRUVHUHVXOW LQ WKH
006(7KH\VFRUHGVLJQL¿FDQWO\ORZHULQWKH'H5HQ]LWHVWLQLPLWDWLRQRI
KDQGV¶PRYHPHQWV LQJHVWXUHVRQGHPDQGDQG LQSDQWRPLPLFPRYHPHQWV
VHH7DEOH3DWLHQWVSHUIRUPHGJHVWXUHVRQGHPDQG³HDVLHU´LHWKHWHVW
LVOHVVVHOHFWLYHWKDQWKHSDQWRPLPLFPRYHPHQWV7KHWHVWIRUSDQWRPLPLF
PRYHPHQWV GLDJQRVHG SDWLHQWVPRUH IUHTXHQWO\ DSUD[LF WKDQ WKH WHVW JHV
WXUHVRQGHPDQG0F1HPDU7HVWS
&RQFOXVLRQV,GHRPRWRUOLPEDSUD[LDRFFXUVLQSDWLHQWVZLWK+'LQDOOH[
DPLQHGLWHPVH[FHSWIRULPLWDWLRQRI¿QJHUV¶PRYHPHQWV7KHVHUHVXOWVDUH
FRQ¿UPHGE\WKHVWXGLHVRI+DPLOWRQDQG6KHOWRQDOWKRXJKQRWDOO¿QGLQJV
DUHFRPSDUDEOH'LIIHUHQWWRPRVWQHXURSV\FKRORJLFDOH[SHUWV¶RSLQLRQVLQ
+'DOHVLRQRIWKHGHHSZKLWHPDWWHUVXEFRUWLFDOSDWKZD\VRUWKHWKDODPXV
FRXOGWULJJHULGHRPRWRUOLPEDSUD[LD7KHGLIIHUHQWVHOHFWLYHQHVVRIWKHWHVWV
JHVWXUHVRQGHPDQGDQG LPLWDWLRQRISDQWRPLPLFPRYHPHQW¶VVKRZV WKDW
SDWLHQWVGLDJQRVHGDVDSUD[LFE\ WKH WHVWJHVWXUHVRQGHPDQGDUHVWURQJHU
LPSDLUHGWKDQSDWLHQWVZKRUHFHLYHGWKLVGLDJQRVLVE\WKHWHVWSDQWRPLPLF
PRYHPHQWV
5HIHUHQFHV
6KHOWRQ3$DQG'6.QRSPDQÄ,GHRPRWRUDSUD[LDLQ+XQWLQJ
WRQµVGLVHDVH³$UFK1HXURO
+DPLOWRQ-0.<+DDODQGHWDO Ä,GHRPRWRU OLPEDSUD[LD LQ
+XQWLQJWRQµV GLVHDVH LPSOLFDWLRQV IRU FRUWLFRVWULDWH LQYROYHPHQW³ 1HX
URSV\FKRORJLD
7DEOH
7HVW 3DWLHQWVPVG
&RQWUROV
PVG W S
006(    
'H5HQ]L7HVW    
,PLWDWLRQRIKDQGV¶PRYHPHQWV    
,PLWDWLRQRI¿QJHUV¶PRYHPHQWV    
*HVWXUHVRQGHPDQG    
3DQWRPLPLFPRYHPHQWV    
32
(IIHFWVRI&RPSOHWH)UHXQG¶V$GMXYDQWRQ'HSUHVVLYH
6\QGURPHLQ5DWV
,ULQD2UORYD
,QVWLWXWHRI*HQHUDO3DWKRORJ\DQG3DWKRSK\VLRORJ\5XVVLD
(OHQD3RSNRYD1DWDOL\D.UXSLQD1DGH]KGD.KOHEQLNRYD
/XFKLD9HWULOH1DWDOL\D3DQNRYD
2EMHFWLYHV,QRXUSUHYLRXVLQYHVWLJDWLRQVSDUWO\SURWHFWLYHHIIHFWRIDFWLYH
LPPXQL]DWLRQZLWK GRSDPLQHERYLQH VHUXP DOEXPLQ '$%6$ RU VHURW
RQLQERYLQHVHUXPDOEXPLQ+7%6$FRQMXJDWHVZLWKFRPSOHWH)UHXQG¶V
DGMXYDQW &)$ RQ WKH GHYHORSPHQW RI H[SHULPHQWDO PHWK\OSKHQ\O
WHWUDK\GURS\ULGLQH 0373LQGXFHG GHSUHVVLYH V\QGURPH LQ UDWV
ZDVREVHUYHG&)$LVNQRZQWRDIIHFWWKHDFWLYLW\RIYDULRXVSK\VLRORJLFDO
V\VWHPVDQGVRPH&16IXQFWLRQV3UHYLRXVO\ZHKDYHUHYHDOHGVLJQL¿FDQW
GHFUHDVH RI GRSDPLQH SUHFXUVRU '23$ DQGPLOG GHFUHDVH RI GRSDPLQH
'$ LQVWULDWXPRI UDWVZLWKH[SHULPHQWDOGHSUHVVLYHV\QGURPH7KHDLP
RI SUHVHQW LQYHVWLJDWLRQZDV WR VWXG\&)$ HIIHFWV RQ WKH GHYHORSPHQW RI
GHSUHVVLYHV\PSWRPVDVZHOODVPRQRDPLQHVDQGWKHLUPHWDEROLWHVFRQWHQW
LQUDWVWULDWXPLQRUGHUWRGHWHUPLQHSXWDWLYH&)$FRQWULEXWLRQWRSURWHFWLYH
HIIHFWRIDFWLYHLPPXQL]DWLRQZLWKPRQRDPLQH%6$FRQMXJDWHV
0HWKRGV &)$ ZDV LQMHFWHG VXEFXWDQHRXVO\  PO RI &)$ ZLWK 
PO RI VDOLQH ([SHULPHQWDO GHSUHVVLYH V\QGURPHZDV LQGXFHG LQ UDWV E\
UHSHDWHG0373DGPLQLVWUDWLRQ.U\]KDQRYVN\*.UXSLQD1HWDO
DZHHNDIWHU&)$DGPLQLVWUDWLRQ7KHVHYHULW\RIV\PSWRPVRIGHSUHVVLYH
V\QGURPH E\ DQKHGRQLD EHKDYLRUDO GHVSDLU ORZ OHYHO RI YLWDO PRWLYD
WLRQDQGELRUK\WKPRORJLFDODOWHUDWLRQVZDVHYDOXDWHGXVLQJVSHFLDO VFDOH
0RQRDPLQHVDQGWKHLUPHWDEROLWHVFRQWHQWZDVGHWHUPLQHGE\KLJKHIIHFWLYH
OLTXLGFKURPDWRJUDSK\
5HVXOWV &)$ PRGXODWHG WKH GHYHORSPHQW RI H[SHULPHQWDO GHSUHVVLYH
V\QGURPHLQUDWV³EHKDYLRXUDOGHVSDLU´DQGELRUK\WKPRORJLFDODOWHUDWLRQV
ZHUHQRWREVHUYHGDVFRPSDUHGWRFRQWUROUHSHDWHGVDOLQHDGPLQLVWUDWLRQ
+RZHYHU GHFUHDVH RI OLTXLG FRQVXPSWLRQ ZDV UHYHDOHG ERWK LQ UDWV ZLWK
GHSUHVVLYH V\QGURPH DQG LQ FRQWURO 8QGHU FRQGLWLRQV RI SUHYLRXV &)$
DGPLQLVWUDWLRQWKHGHFUHDVHRI'23$FRQWHQWLQVWULDWXPZDVQRWREVHUYHG
EXWWKHGHFUHDVHRI'$PHWDEROLWH'23$&GLGH[LVW
&RQFOXVLRQV 3DUWO\ SURWHFWLYH DQG SDUWO\ QHJDWLYH HIIHFWV RI&)$RQ EH
KDYLRUDO GHSUHVVLRQ LQ UDWVZHUH UHYHDOHG ,W LV VXJJHVWHG WKDW SUHYHQWLRQ
RI'$GH¿FLW LQ VWULDWXPE\&)$PD\FRQWULEXWH WREDVLFPHFKDQLVPVRI
ERWK &)$ DQG DFWLYH LPPXQL]DWLRQ ZLWK '$%6$+7%6$ FRQMXJDWHV
SURWHFWLYHHIIHFWV
32
$GDSWLYHDQG0DODGDSWLYH,PSXOVLYLW\DQG3ODWHOHW0$2
$FWLYLW\LQ'UXQN'ULYHUVDQG2WKHU+LJK5LVN'ULYHUV
0DULND3DDYHU
'HSDUWPHQWRI3V\FKRORJ\8QLYHUVLW\RI7DUWX(VWRQLD
'LYD(HQVRR-DDQXV+DUUR
2EMHFWLYHV ,PSXOVLYHQHVV LV D SHUVRQDOLW\ WUDLW GHVFULEHG E\ D WHQGHQF\
WRHQJDJHLQDFWLRQVWKDWDUHSRRUO\FRQWUROOHGXQSODQQHGRU LQDGHTXDWHO\
ULVN\5HFHQWO\IRFXVKDVDOVREHHQSXWRQRWKHUDGDSWLYHDVSHFWVRILPSXO
VLYLW\3ODWHOHW0$2LVDQHQ]\PHZKLFK LVDVVRFLDWHGZLWKVRPHEHKDY
LRXUDOWHQGHQFLHVOLNHLPSXOVLYHDQWLVRFLDORUFULPLQDODFWLRQVDQGDOFRKRO
PLVXVH7KHSHRSOHZLWKGLIIHUHQWGULYLQJYLRODWLRQVJLYHDQRSSRUWXQLW\WR
VWXG\WKHHYHU\GD\OLIHLPSXOVLYHEHKDYLRXU7KHSUHVHQWVWXG\H[SORUHVLP
SXOVLYLW\DQGSODWHOHW0$2DFWLYLW\DPRQJSHRSOHZLWKDOFRKROUHODWHGDQG
QRQDOFRKROUHODWHG GULYLQJ YLRODWLRQVZLWK DQ DLP WR FODULI\ DVVRFLDWLRQV
RI VHURWRQHUJLF IXQFWLRQLQJ LPSXOVLYH SHUVRQDOLW\ DQG UHDOOLIH LPSXOVLYH
EHKDYLRXUDPRQJKHDOWK\VXEMHFWV
0HWKRGV:H FRPSDUHG1(23, LPSXOVLYLW\ DQG H[FLWHPHQW VHHNLQJ DQG
IXQFWLRQDO DQG G\VIXQFWLRQDO LPSXOVLYLW\ EDVHG RQ 'LFNPDQ  DQG
SODWHOHW0$2DFWLYLW\ LQPDOHFDVXDOGULYHUVRXWRIZKRPKDG
EHHQFDXJKWGULYLQJGUXQNGUXQNGULYHUVDQGKDGEHHQFDXJKWH[FHHG
LQJVSHHGOLPLWVDQGFRPPLWWLQJRWKHUQRQDOFRKROUHODWHGGULYLQJYLRODWLRQV
KLJKULVNGULYHUV7KHKLJKULVNGULYHUVJURXSZLWKPXOWLSOHYLRODWLRQVZDV
IXUWKHUGLYLGHGLQWRVXEMHFWVDGPLWWLQJDQGGHQ\LQJWKHULVNRIKLJKVSHHG
GULYLQJ&RQWUROVXEMHFWVKDGFOHDQSROLFHUHJLVWU\7KHHIIHFWRIVPRNLQJRQ
SODWHOHW0$2DFWLYLW\DQGHIIHFWRIDJHRQLPSXOVLYLW\ZHUHFRQWUROOHG
5HVXOWV:KLOHGUXQNGULYLQJZDVDVVRFLDWHGRQO\ZLWKG\VIXQFWLRQDO LP
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
SXOVLYLW\ DQG QHXURWLFLVPUHODWHG LPSXOVLYLW\ H[FHHGLQJ VSHHG OLPLWV DQG
RWKHUQRQDOFRKROUHODWHGGULYLQJYLRODWLRQVZHUHPRUHVWURQJO\DVVRFLDWHG
ZLWKIXQFWLRQDOLPSXOVLYLW\DQGH[FLWHPHQWVHHNLQJDQGWRDOHVVHUGHJUHH
ZLWK G\VIXQFWLRQDO LPSXOVLYLW\ 'UXQN GULYHUV KDG ORZHU SODWHOHW 0$2
DFWLYLW\5LVNDGPLWWLQJKLJKULVNGULYHUVKDGKLJKHUSODWHOHW0$2DFWLYLW\
DQGIXQFWLRQDODVZHOODVG\VIXQFWLRQDOLPSXOVLYLW\DQGH[FLWHPHQWVHHNLQJ
5LVNGHQ\LQJ KLJKULVN GULYHUV KDG KLJKHU IXQFWLRQDO LPSXOVLYLW\ 3ODWHOHW
0$2DFWLYLW\LQWKHZKROHJURXSKDGQROLQHDUFRUUHODWLRQZLWKDQ\RIWKH
VHOIUHSRUWHGLPSXOVLYLW\W\SHVPHDVXUHG
&RQFOXVLRQV7KHVWXG\GHPRQVWUDWHVWKHGLIIHUHQWH[SUHVVLRQRIIXQFWLRQDO
DQGG\VIXQFWLRQDOLPSXOVLYLW\LQHYHU\GD\EHKDYLRXU:KLOHSODWHOHW0$2
DFWLYLW\ LV ORZHU LQ DOFRKROUHODWHG ULVN\ EHKDYLRXU QRQDOFRKROUHODWHG
ULVN\EHKDYLRXUPD\DOVREHUHODWHG WRKLJKHU WKDQPHGLXPSODWHOHW0$2
DFWLYLW\7KLV SUHVXPDEO\ UHÀHFWV WKDW GHYLDQFH WRZDUGV ORZHU DVZHOO DV
KLJKHUHQGRIFHQWUDOVHURWRQHUJLFIXQFWLRQLQJPD\OHDGWRLPSXOVLYHEHKDY
LRXU,W LVDOVRGHPRQVWUDWHGWKDWSODWHOHW0$2DFWLYLW\PD\EHDVVRFLDWHG
ZLWKLPSXOVLYHEHKDYLRXUDOWUHQGVZKLOHVKRZLQJQRDVVRFLDWLRQVZLWKVHOI
UHSRUWHGWUDLWRILPSXOVLYLW\
32
7KH3RVVLELOLW\WR)RUHFDVWWKH'HYHORSPHQWRI7\SHVRI36'
6DPYHO0DUJDU\DQ
&HQWHURI0HQWDO+HDOWK³6WUHVV´$UPHQLD
$GD7DGHYRV\DQ
2EMHFWLYHV7R¿QGRXWWKHFOLQLFDOSHFXOLDULWLHVRIGHYHORSPHQWRIGLIIHUHQW
W\SHVRISRVWVWUHVVGLVRUGHUV36'
0HWKRGV7KHSDWLHQWVDIIHFWHGE\VHYHUHSV\FKRJHQLFIDFWRUVZHUHLQYHVWL
JDWHGE\G\QDPLFFOLQLFDOSV\FKRSDWKRORJLFDOPHWKRG
5HVXOWV0HQWDO WUDXPD LV DEOH WR UHPDLQ LQPHPRU\ DV D ³0HQWDO HFKR´
RU³HFKRVWUHVVRU´:HFRQVLGHU³6HQVRUHFKRVWUHVVRU´DSSHDUVRZ
LQJWRPHFKDQLVPRILPSULQWLQJDQGPDQLIHVWVDVUHFROOHFWLRQVÀDVKÀDVK
EDFNQLJKWPDUHV7KLV W\SHRI HFKR  VWUHVVRUKDV DOO FKDUDFWHULVWLFVRI
UHDOSHUFHSWLRQDQGE\WKLVUHDVRQVWUHVV±UHDFWLRQEHJLQVIURP¿UVWOHYHO
MXVWDVLQUHDOLW\3DWLHQWLVVHHLQJKHDULQJVPHOOLQJWKH³HFKRUHDOLW\´LQ
DOOYDULHW\RITXDOLWLHVDQGKLVSHUFHSWLRQFRQVHTXHQWO\GRHVQRWGLIIHUIURP
VWUHVV UHDFWLRQ WR UHDO VWLPXOXV³&RJQLWLYHHFKR  VWUHVVRU´ LV WKH UHVXOW
RIKXPDQHYROXWLRQ ,PDJLQDWLRQSOD\VFHUWDLQ UROH LQ LWVGHYHORSPHQW ,Q
FRQGLWLRQRIVWUHVVVHOI±JHQHUDWLRQRI³HFKRVWUHVV´LVEHLQJREVHUYHG,Q
VXFKFDVH¿UVWVWDJHRIVWUHVVRUSURFHVVDXWRQRPLFQHXURQDOD[LVPD\IDOO
RXW DQG VWUHVVRU SURFHVV LV SURFHHGLQJ RZLQJ WR VHFRQG DQG WKLUG OHYHOV
QHXURHQGRFULQHD[LVDQGHQGRFULQHD[LV&RJQLWLYHPHDQLQJVWKRXJKWV
DUHSOD\LQJUROHRIVWUHVVRUVLQWKLVSURFHVV³6RPDWLFHFKRVWUHVVRU´±DV
WKHH[DPSOHRIVXFKPHFKDQLVPZHPD\FRQVLGHUVRPDWLFFRQYHUVLRQV,WLV
NQRZQWKDWWKHUHLVQRRUJDQLFFKDQJHVE\FRQYHUVLRQVLQGLVWLQFWLRQIURP
VRPDWRIRUPGLVRUGHUV)XQFWLRQDOGLVRUGHUVQHYHUWXUQLQWRVWUXFWXUDORQHV
HYHQLQWKHFDVHRIIUHTXHQWUHSHDWLQJ:HFDQXQGHUVWDQGWKLVSKHQRPHQRQ
LIDVVXPH WKDWFRQYHUVLRQVDUHFRQGLWLRQHGE\¿UVW OHYHORIVWUHVVRUSURF
HVV± DXWRQRPLFQHXURQDO D[LVZKLFKSURYLGHV WKHELRHOHFWULFDO HIIHFW 
³0RWRUHFKRVWUHVVRU´)RUH[DPSOH±HSLOHSWLIRUPVHL]XUHVLQYLFWLPVRI
HDUWKTXDNHZLWKRXWDQ\RUJDQLFEDFNJURXQG$VZHVXJJHVWLQWKHPRPHQW
RIWUDXPDWLFHYHQWVHL]XUHVKDGEHHQFDXVHGE\EUDLQK\SR[LD
&RQFOXVLRQV 0HQWDO WUDXPD LV RI FRPSOH[ VWUXFWXUH 'LIIHUHQW W\SHV RI
SRVWVWUHVV GLVRUGHUV DUH FRQGLWLRQHG E\ GLIIHUHQW PHFKDQLVPV RI FOLQLFDO
V\PSWRPV GHYHORSPHQW +XPDQ VSHFL¿F PHQWDO YXOQHUDELOLW\ UHYHDOV LQ
SUHYDOHQWPHFKDQLVPRIWUDXPDWLFHYHQWVFRQVHUYDWLRQLQWKHPHPRU\WKH
PHFKDQLVPLPSULQWLQJSUHYDLOVRQRQHJURXSRIWKHSDWLHQWVWKHPHFKDQLVP
RI VRPDWLF FRQYHUVLRQ RSHUDWHV LQ WKH VHFRQG RQH WKH VWUHVVRU VWDPSV DV
³PRWRUHFKR´RUWKHFRJQLWLYHPHFKDQLVPVWKRXJKWVEHFRPHVWKHGHWHUPL
QDWLYHRQHDWWKHWKLUGRQH)URPRXUSRLQWRIYLHZWKHFKDUDFWHURIWKHWUDFH
SURFHVVRU³HFKRVWUHVVRUPRGHO´FDQEHFRQVLGHUHGDVDUHDVRQIRUDFWLRQ
FKURQLFOHRIPHQWDOWUDXPDDQGFDQGHWHUPLQH36'PRGHO
5HIHUHQFHV
/D]DUXV53V\FKRORJLFDO6WUHVVDQGWKH&RSLQJ3URFHVV1<
'60,9	EH\RQG(GLWHGE\-RQDWKDQ'DYLGVRQ(GQD)RD$PHUL
FDQ3V\FKLDWULF3UHVV
7DGHYRV\DQ$0DQXQGHU6WUHVV6RQHU<HUHYDQ
32
&RQWURORI,PSXOVLYHQHVVZLWK7RSLUDPDWHLQ3HUVRQDOLW\
'LVRUGHUV
1DYDUUR%DUULRV-&
'HSWRI3V\FKLDWU\8QLYHUVLW\+RVSLWDO6DQ&HFLOLR*UDQDGD
6SDLQ
&DQDEDWH3UDGRV$0RUDOHV$QGXH]D5%DUULJRQ0/
)RQWDOED$$QJXLWD0
7RSLUDPDWHLVWKHQHZDQWLHSLOHSWLFWKDWLVEHLQJXVHGUHFHQWO\IRUGLIIHUHQW
SV\FKLDWULFGLVHDVHV
2EMHFWLYHV7RHYDOXDWHWKHHIIHFWLYHQHVVRI7RSLUDPDWHLQWKHFRQWURORIWKH
LPSXOVLYHQHVVLQ3HUVRQDOLW\'LVRUGHUV&OXVWHU%
0HWKRGV7RSLUDPDWHZDVXVHGDVSKDUPDFRORJLFDOWUHDWPHQWLQVXEMHFWV
ZLWKGLDJQRVLVRI%RUGHUOLQH3HUVRQDOLW\'LVRUGHUQ $QWLVRFLDO3HUVRQ
DOLW\ Q  DQG+LVWULRQLF3HUVRQDOLW\'LVRUGHU Q ZLWK DJHVEHWZHHQ
DQG\HDUVDVVRFLDWHGZLWKERVVHVRIDFWLQJRXW7KHDYHUDJHGRVHRI
WKH7RSLUDPDWHZDVRIPJGD\,QVRPHPRPHQWRIWKHWUHDWPHQW
RIWKHSDWLHQWVUHFHLYHGEHQ]RGLDFHSLQDVDQGUHFHLYHGDQ665,:H
QRWXLOL]HGDQWLSV\FKRWLFRURWKHUDQWLHSLOHSWLF7KHLQVWUXPHQWXWLOL]HGIRU
WRHYDOXDWH WKH LPSXOVLYHQHVVZDV%DUUDWWµV6FDOH WR WKHEHJLQQLQJDQG WR
ZHHNVRI WUHDWPHQW)RU WKLVVWXG\ZHHYDOXHGDV LPSURYHPHQW IRU WKH
FRQWURORIWKHV\PSWRPVWKHUHGXFWLRQRIRIWKHWRWDOSXQFWXDWLRQRIWKH
VXEVFDOHVWRZHHNVRIWUHDWPHQWZLWKUHODWLRQWRWKHEDVDO
5HVXOWV:HIRXQGHGLPSURYHPHQWLQ%DUUDWWµV6FDOHDWWKHZHHNRIWUHDW
PHQWLQRIWKHVXEMHFWVQ /DVXEVFDOHZLWKPRUHLPSURYHPHQW
ZDVWKH0RWRUERDW6XEVFDOH
5HVXOWV%DUDWW6FDOH:HH.
,PSURYHPHQW 1RWPRGL¿HG :RUVHQLQJ
1  1  1 
&RJQLWLYH      
0RWRUERDW      
,QRWSODQQHG      
3727$/      
&RQFOXVLRQV7RSLUDPDWHFDQEHXVHIXOIRUFRQWURORIWKHDFWLQJRXWLQWKH
3HUVRQDOLW\'LVRUGHUVQHHGLQJRSHQVWXG\DQGGRXEOHEOLQG
5HIHUHQFHV
/HWPDLHU06FKUHLQ]HU':ROI5.DVSHU67RSLUDPDWHDVPRRGVWDELOL]HU
,QWHU&OLQ3V\FKRSK
32
&KDQJHVRI$Q[LHW\LQ5DWVZLWKFHUWDLQ1HXURSDWKRORJLFDO
6\QGURPHV
1DWDOL\D.UXSLQD
,QVWLWXWHRI*HQHUDO3DWKRORJ\DQG3DWKRSK\VLRORJ\5XVVLD
,ULQD2UORYD1DGH]KGD.KOHEQLNRYD9DOHQWLQD*UDIRYD
9DOHQWLQD6PLUQRYD
2EMHFWLYHV &RPRUELGLW\ RI DQ[LHW\ GHSUHVVLRQ DQG SDLQ LV DQ HVVHQWLDO
FDXVHRIODFNRIVXFFHVVLQWKHUDS\RIWKHFRPELQHGVWDWHVRIDIIHFWLYHGLV
RUGHUVDQGSDLQ$Q[LHW\KDVEHHQVKRZQWRLQÀXHQFHWKHFOLQLFDOFRXUVHRI
GLIIHUHQWQHXURSDWKRORJLFDOV\QGURPHV1HYHUWKHOHVVWKHUROHRILQGLYLGXDO
FKDQJHVRI DQ[LHW\ LQSURJQRVLVRI FOLQLFDORXWFRPH LVQRW VWLOO FOHDU7KH
DLPRISUHVHQWLQYHVWLJDWLRQZDVWRPDNHDQDWWHPSWWRUHYHDODQ\UHJXODULW\
LQFKDQJHVRIDQ[LHW\LQUDWVZLWKGLIIHUHQWOHYHORIDQ[LHW\XVLQJGLIIHUHQW
H[SHULPHQWDO PRGHOV RI GHSUHVVLYH SDLQGHSUHVVLYH DQG QHXURJHQLF SDLQ
V\QGURPHVDVZHOODVWRHYDOXDWHWKHLQÀXHQFHRIDQ[LHW\RQWKHVHYHULW\RI
QHXURSDWKRORJLFDOV\QGURPH
0HWKRGV )RXU H[SHULPHQWDO PRGHOV LQ UDWV ZHUH XVHG DQ H[SHULPHQWDO
PRGHO RI SURQHXURWR[LQ PHWK\OSKHQ\OWHWUDK\GURS\ULGLQH
0373LQGXFHG GHSUHVVLYH V\QGURPH .U\]KDQRYVNLL *1 .UXSLQD 1$
HWDODPRGHORIQHXURJHQLFSDLQV\QGURPHLQGXFHGE\WKHWUDQVHF
WLRQ RI VFLDWLF QHUYH RI KLQG OLPE D PRGHO RI SDLQGHSUHVVLYH V\QGURPH
LQGXFHGE\ WKH WUDQVHFWLRQRI VFLDWLF QHUYHRI KLQG OLPE LQ0373WUHDWHG
UDWV.UXSLQD1$HWDODPRGHORISDLQGHSUHVVLYHV\QGURPHLQGXFHG
E\0373DGPLQLVWUDWLRQLQUDWVZLWKSUHYLRXVO\WUDQVHFWHGVFLDWLFQHUYHRI
KLQGOLPE7KHVHYHULW\RIGHSUHVVLYHV\QGURPHE\DQKHGRQLDEHKDYLRUDO
GHVSDLUORZOHYHORIYLWDOPRWLYDWLRQDQGELRUK\WKPRORJLFDODOWHUDWLRQVDQG
QHXURJHQLFSDLQV\QGURPHE\DXWRWRPLDDQGSDLQWKUHVKROGVZDVHYDOXDWHG
/4(%2¬¬0OSTER¬3ESSION¬.O
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
XVLQJVSHFLDOVFDOHV,QDOOH[SHULPHQWVUDWVZHUHSUHYLRXVO\GLYLGHGLQWRWZR
JURXSVZLWKLQQDWHKLJKRUORZOHYHOVRIDQ[LHW\DFFRUGLQJWRWKHLUUHVSRQVH
LQD VSHFLDO UDQJHGVFDOH IRUHYDOXDWLQJDQ[LHW\SKRELF VWDWHV 5RGLQD9,
.UXSLQD1$HWDO
5HVXOWV,QDOOPRGHOVXVHGSHUVLVWHQWLQFUHDVHRIDQ[LHW\ZDVVKRZQLQUDWV
ZLWKLQQDWHORZOHYHORIDQ[LHW\ZKLOHUDWVZLWKLQQDWHKLJKOHYHORIDQ[LHW\
GHPRQVWUDWHGGHFUHDVHRUSHUPDQHQFHRIWKHOHYHORIDQ[LHW\$WWKDWPRUH
VHYHUHEHKDYLRUDODOWHUDWLRQVKDYHEHHQUHYHDOHGLQUDWVZLWKLQQDWHORZOHYHO
RI DQ[LHW\ ERWK LQ WZR UDW PRGHOV RI SDLQGHSUHVVLYH V\QGURPH DQG LQ D
PRGHORIQHXURJHQLFSDLQV\QGURPH
&RQFOXVLRQV5HJXODULW\ LQ FKDQJHV RI DQ[LHW\ LQ UDWVZLWK LQQDWH ORZRU
KLJK OHYHO RI DQ[LHW\ LQ FRXUVHRI FHUWDLQQHXURSDWKRORJLFDO V\QGURPHV LV
EHOLHYHG WR H[LVW 0RUH VHYHUH DOWHUDWLRQV LQ LQGLYLGXDOV ZLWK LQQDWH ORZ
OHYHO RI DQ[LHW\ PD\ EH LQWHUUHODWHG ZLWK WKH LQFUHDVH RI DQ[LHW\ XQGHU
SDWKRORJLFDOVWDWHV
32
7KH$VVRFLDWLRQRI$GROHVFHQW+HLJKW:HLJKW6WUHVVDQG
6FKRRO$FKLHYHPHQW
%HWKDQ\+DOEUHLFK
&LW\+RQRUV+LJK6FKRRO%XIIDOR1HZ<RUN86$
2EMHFWLYHV7RHYDOXDWHWKHDVVRFLDWLRQEHWZHHQKHLJKWDQGZHLJKWRIDGR
OHVFHQWER\VDQGJLUOVDQGWKHLUSHUFHLYHGVWUHVVKRPHZRUNORDGDQGJUDGHV
%DVHG RQ REVHUYDWLRQV LW KDV EHHQ K\SRWKHVL]HG WKDW PRUH KDUG ZRUNLQJ
VWXGHQWVZRXOGVWDUWWKHLUJURZWKVSXUWODWHU
0HWKRGV$TXHVWLRQQDLUHZDVGLVWULEXWHG WR VWXGHQWV LQ JUDGHV LQ D
VHOHFWLYH DFKLHYHPHQW GULYHQ FRPSHWLWLYH VFKRRO 7KH TXHVWLRQV LQFOXGHG
LWHPVRQKHLJKWDQGZHLJKWRIFKLOGUHQDQGWKHLUSDUHQWVWKHLUJUDGHDYHUDJH
ZRUNORDGRISHUFHLYHGVWUHVVHDWLQJKDELWVDQGVHOILPDJH
5HVXOWV  TXHVWLRQQDLUHV ZHUH UHWXUQHG DQG DQDO\]HG 0DQ\ FKLOGUHQ
UHSRUWHG EHLQJ RYHUVWUHVVHG DQG KDYLQJ FKDQJHV LQ WKHLU HDWLQJ KDELWV ,W
LVRILQWHUHVWWKDWWKHEHWWHUVWXGHQWVZKRZHUHDOVRWKHPRVWRYHUVWUHVVHG
GLGQRWJURZWRWKHVDPHSHUFHQWDJHRIWKHLUSRWHQWLDOKHLJKWFRPSDUHGWR
VWXGHQWV ZLWK OHVVHU DFDGHPLF DFKLHYHPHQW 2WKHU VWUHVVRUV OLNH SDUHQWV¶
GLYRUFHURUVHSDUDWLRQDOVRFRQWULEXWHGWRWKHKHLJKWZHLJKWDQG%RG\0DVV
,QGH[%0,
&RQFOXVLRQV$FKLHYHPHQWDVVRFLDWHGVWUHVVKDVDSULFHORZHUVWDWXUHDQG
DPHQGHGZHLJKW7KHSRWHQWLDOLPSDFWRIVFKRROVWUHVVRQDGROHVFHQWSK\VL
FDOGHYHORSPHQWVKRXOGEHFRQVLGHUHGIRUIXWXUHUHVHDUFK
5HIHUHQFHV
&DOOHV-HWDO3RVWHU%$$&$3
32
/LPE$SUD[LDDQG6XEFRUWLFDO'HPHQWLD1HXURSV\FKRORJLFDO
)LQGLQJV
$QQD.+|GO
8QLYHUVLW\&OLQLFRI3V\FKLDWU\0HGLFDO8QLYHUVLW\*UD]$XVWULD
0DUNXV.0DJQHW+DQV3HWHU.DSIKDPPHU5DSKDHO0%RQHOOL
2EMHFWLYHV ,GHRPRWRU OLPE DSUD[LD LV D FRPPRQ VLJQ LQ SDWLHQWV ZLWK
FRUWLFDOGHPHQWLDHJ$O]KHLPHU¶VGLVHDVH$''HPHQWLDZLWK/HZ\%RG
LHV'/%EXW LW LV FRQWURYHUVLDOZKHWKHU LGHRPRWRUDSUD[LDPD\RFFXU LQ
SDWLHQWVZLWKVXEFRUWLFDOGHPHQWLD'HPHQWLDLQ3DUNLQVRQ¶VGLVHDVH3''
+XQWLQJWRQ¶V GLVHDVH+' ,Q .UDPHU DQG'XII\ VKRZHG WKH RFFXU
UHQFHRIDSUD[LD LQSDWLHQWVZLWK3DUNLQVRQµVGLVHDVHDQGQRUPDOSUHVVXUH
K\GURFHSKDOXV LQ'DUYHVKDQG)UHHGPDQQHJDWHG WKHRFFXUUHQFHRI
DSUD[LDLQVXEFRUWLFDOGHPHQWLD
0HWKRGVRXWSDWLHQWVZLWKVXEFRUWLFDOGHPHQWLD3''DQG+'DJH
DQGVH[PDWFKHGSDWLHQWVZLWKFRUWLFDOGHPHQWLD$'DQG'/%DJHDQG
VH[PDWFKHGSDWLHQWVZLWKPL[HGGHPHQWLD'HPHQWLDLQ0XOWLSOH6FOHURVLV
DQG9DVFXODU'HPHQWLDDQGDJHDQGVH[PDWFKHGKHDOWK\FRQWUROVZHUH
H[DPLQHG7KH WKUHHJURXSVRI SDWLHQWV DQG WKH FRQWUROV XQGHUZHQW D WHVW
EDWWHU\FRQVLVWLQJRILWKH0LQL0HQWDO6WDWH([DPLQDWLRQ006(LLWKH
'H5HQ]L7HVWIRUDSUD[LDLLLDWHVWIRULPLWDWLRQRIKDQGV¶PRYHPHQWVLYD
WHVWIRULPLWDWLRQRI¿QJHUV¶PRYHPHQWVYDWHVWIRUH[HFXWLRQRIJHVWXUHVRQ
GHPDQGYLDWHVWIRUSDQWRPLPLFPRYHPHQWV
5HVXOWV 7KH UHVXOWV VKRZ D VLJQL¿FDQW GLIIHUHQFH LQ LPLWDWLRQ RI KDQGV¶
PRYHPHQWVDQGSDQWRPLPLFPRYHPHQWVEHWZHHQSDWLHQWVZLWKVXEFRUWLFDO
GHPHQWLD DQG FRQWUROV DQG D KLJKO\ VLJQL¿FDQW GLIIHUHQFH LQ WKH 006(
DQG WKH'H5HQ]L7HVW EHWZHHQ WKHVHJURXSV 6HH WDEOH 7KHUHZDVQR
VLJQL¿FDQWGLIIHUHQFHIRXQGEHWZHHQWKHUHVXOWVRISDWLHQWVZLWKVXEFRUWLFDO
GHPHQWLDDQGSDWLHQWVZLWKFRUWLFDOGHPHQWLDDQGPL[HGGHPHQWLD UHVSHF
WLYHO\
&RQFOXVLRQV$FFRUGLQJWR.UDPHU¶VUHVXOWVRXUVWXG\VKRZVWKHRFFXUUHQFH
RILGHRPRWRUOLPEDSUD[LDLQSDWLHQWVZLWKVXEFRUWLFDOGHPHQWLD'LIIHUHQW
IURP FRUWLFDO OHVLRQV OHDGLQJ WR DSUD[LD LQ VXEFRUWLFDO GHPHQWLD FDXVLQJ
LGHRPRWRU OLPEDSUD[LD WKHUHVHHPVWREHDGLVWXUEDQFHRI WKHGHHSZKLWH
PDWWHURIWKHEDVDOJDQJOLDRURIFRPPLVVXUDOWUDFWV
5HIHUHQFHV
.UDPHU-+DQG-0'XII\Ä$SKDVLDDSUD[LDDQGDJQRVLDLQWKH
GLDJQRVLVRIGHPHQWLD³'HPHQWLD
'DUYHVK6DQG0)UHHGPDQÄ6XEFRUWLFDOGHPHQWLDDQHXUREHKDY
LRUDODSSURDFK³%UDLQ&RJQ
7DEOH
&RQWUROV 6XEFRUWLFDO'HPHQWLD
06' 06' S
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,PLWDWLRQRI)LQJHUV¶PRYHPHQWV 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 
,PLWDWLRQRI+DQGV¶0RYHPHQWV 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([HFXWLRQRI*HVWXUHVRQGHPDQG   
3DQWRPLPLFPRYHPHQWV  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00HDQYDOXH6'6WDQGDUG'HYLDWLRQ
6LJQL¿FDQWS+LJKO\VLJQL¿FDQWS 
32
3RVWHU6HVVLRQ1R
32
5HODWLRQRI1HXURORJLFDO6RIW6LJQVWR$[LV,3V\FKLDWULF
0RUELGLW\DQG3V\FKRSDWK\LQ,UDQLDQ2IIHQGHUV
6H\HG0RKDPPDG$VVDGL
7HKUDQ8QLYHUVLW\RI0HGLFDO6FLHQFHV,UDQ
0DU\DP1RURR]LDQ6H\HG9DKLG6KDULDW2PLG<DK\D]DGHK
6KDKURNK$JKD\DQ0DKGL3DNUDYDQQHMDG
2EMHFWLYHV)HZVWXGLHVKDYHH[DPLQHGWKHQHXURORJLFDOVRIWVLJQV166LQ
WKHSULVRQSRSXODWLRQV7KHSUHVHQWVWXG\ZDVDLPHGDWFRPSDULQJWKH166
EHWZHHQRIIHQGHUVDQGQRUPDOFRQWUROV7KHVWXG\DOVRDVVHVVHGWKHDVVRFLD
WLRQEHWZHHQWKH166DQGSV\FKLDWULFGLVRUGHUVLQWKHRIIHQGHUJURXS
0HWKRGV7KURXJKVWUDWL¿HGUDQGRPVDPSOLQJSULVRQHUVZHUHVHOHFWHG
DQGLQWHUYLHZHGXVLQJWKHFOLQLFDOYHUVLRQRIWKH6WUXFWXUHG&OLQLFDO,QWHU
YLHZ IRU '60,9$[LV , GLVRUGHUV DQG WKH +DUH 3V\FKRSDWK\ &KHFNOLVW
6FUHHQLQJ9HUVLRQ7KHFRQWUROJURXSFRQVLVWHGRIYROXQWHHUVZKRKDGQR
KLVWRU\RIFULPHDQGQRSHUVRQDORUIDPLO\KLVWRU\RISV\FKLDWULFGLVRUGHUV
$OOSDUWLFLSDQWVZHUHDVVHVVHGE\WKH1HXURORJLFDO(YDOXDWLRQ6FDOH1(6
5HVXOWV3ULVRQHUVKDGVLJQL¿FDQWO\KLJKHUVFRUHVRQWKH1(6FRPSDUHGWR
WKHFRQWUROV,QSULVRQHUVWKHWRWDO1(6VFRUHZDVVLJQL¿FDQWO\SUHGLFWHGE\
SV\FKRWLF DQ[LHW\ DQG VXEVWDQFH XVH GLVRUGHUV 3V\FKRWLF GLVRUGHUVZHUH
DVVRFLDWHGZLWKKLJKHUUDWHVRQWKHWRWDO1(6VFRUHDQGZLWKPRUHLPSDLU
PHQWLQIURQWDOUHÀH[HVVHQVRU\LQWHJUDWLRQDQGRWKHUVLJQV2QWKHRWKHU
KDQGVXEVWDQFHXVHGLVRUGHUVZHUHUHODWHGWRORZHUVFRUHVRQWKH1(6DQG
EHWWHUSHUIRUPDQFHLQVHQVRU\LQWHJUDWLRQLQVHTXHQFLQJRIFRPSOH[PRWRU
DFWVDQGLQIURQWDOUHÀH[HV)LQDOO\DQ[LHW\GLVRUGHUVKDGPL[HGHIIHFWVDQG
ZHUHDVVRFLDWHGZLWKKLJKHUUDWHVRQWKHWRWDO1(6VFRUHDVZHOODVRQPR
WRUFRRUGLQDWLRQDQGORZHUVFRUHVRQVHQVRU\LQWHJUDWLRQRQVHTXHQFLQJRI
FRPSOH[PRWRUDFWVDQGRQH\HPRYHPHQWV
&RQFOXVLRQV 2IIHQGHUV JHQHUDOO\ VKRZHGPRUH LPSDLUPHQW RQ WKH166
+RZHYHUKLVWRU\RIVXEVWDQFHXVHGLVRUGHUVZDVDFFRPSDQLHGZLWKEHWWHU
QHXURORJLFDO SHUIRUPDQFH 7KH UHVXOWV PD\ VXSSRUW D ³VHOIPHGLFDWLRQ
K\SRWKHVLV´ZKLFKSURSRVHV WKDWRIIHQGHUV VXIIHULQJ IURPQHXURELRORJLFDO
GLDWKHVLVXVHVXEVWDQFHVWRLPSURYHWKHLUQHXUREHKDYLRUDOSHUIRUPDQFH
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
32
7KH3V\FKRSK\VLRORJLF(IIHFWVRI,QWHJUDWHG7KHUDS\6\VWHP
0XVLF$URPDDQG9LGHR7KHUDSLHVRQWKH6WUHVV5HGXFWLRQ
&RPSDULVRQ6WXG\
6DQJ.HXQ&KXQJ
,QVWLWXWLRQ&KRQEXN1DWLRQDO8QLYHUVLW\5HSXEOLFRI.RUHD
<XQ.RR.LP6R<RXQJ%DHN,N.HXQ+ZDQJ
2EMHFWLYHV6WUHVVLVRQHRIWKHFRPPRQLPSRUWDQWLVVXHVUHODWHGWRKHDOWK
GLVHDVH DQG WKH TXDOLW\ RI OLIH7KHUH DUH YDULDEOH VWUDWHJLHV LQ WKH VWUHVV
UHGXFWLRQDQGSUHYHQWLRQ%XWIHZLQWHJUDWHGWKHUDS\V\VWHPVDUHSUDFWLFHG
7KHUHIRUHZHSHUIRUPHG WKLV VWXG\ WR FRPSDUH WKHSK\VLRORJLF HIIHFWVRI
,QWHJUDWHG7KHUDS\6\VWHP,76PXVLF07DURPD$7DQGYLGHR97
WKHUDSLHV RQ WKH VWUHVV UHGXFWLRQ$OO VXEMHFWV LV HLJKW\ KHDOWK\ PHGLFDO
VFKRROVWXGHQWVPDOH,QIRXUJURXSV,7607$7DQG97JURXSVVWX
GHQWVSHUJURXSUDQGRPO\JURXSLQJSV\FKRSK\VLRORJLFPHDVXUHVSHUFHQW
DOSKDLQ((*IURQWDOLVPXVFOHHOHFWURP\RJUDP(0*VNLQFRQGXFWDQFH
¿QJHU WHPSHUDWXUHEORRGYROXPHSXOVHKHDUW UDWH UHVSLUDWRU\ UDWH HWF!
SV\FKRVRFLDO DQG KRUPRQDO PHDVXUHV ZHUH HYDOXDWHG:H XVHG WKH ,QWH
JUDWHG 7KHUDS\ 6\VWHP (02V\VWHFK .RUHD LQWHJUDWHG WKHUDS\ V\VWHP
FRQVLVWHG RI YLGHRPXVLF DURPD DQG FRORU WKHUDSLHV ,76 DV WKH VWUHVV
UHGXFWLRQ PHWKRG $IWHU QRQUHFRUGLQJ DGDSWDWLRQ SHULRG PLQXWHV
SV\FKRSK\VLRORJLFPHDVXUHVLQDOOJURXSVZHUHUHFRUGHGGXULQJSUHWKHUDS\
SHULRG PLQXWHV WKHUDS\ SHULRG PLQXWHV DQG SRVWWKHUDS\ SHULRG
PLQXWHV
0HWKRGV$OOVXEMHFWVLVHLJKW\KHDOWK\PHGLFDOVFKRROVWXGHQWVPDOH,Q
IRXUJURXSV,7607$7DQG97JURXSVVWXGHQWVSHUJURXSUDQGRPO\
JURXSLQJ SV\FKRSK\VLRORJLF PHDVXUHVSHUFHQW DOSKD LQ ((* IURQWDO
PXVFOH HOHFWURP\RJUDSK\ (0* VNLQ FRQGXFWDQFH ¿QJHU WHPSHUDWXUH
EORRG YROXPH SXOVH KHDUW UDWH UHVSLUDWRU\ UDWH HWF! SV\FKRVRFLDO DQG
KRUPRQDOPHDVXUHVZHUHHYDOXDWHG:HXVHGWKH,QWHJUDWHG7KHUDS\6\VWHP
(02V\VWHFK.RUHDLQWHJUDWHGWKHUDS\V\VWHPFRQVLVWHGRIYLGHRPXVLF
DURPDDQGFRORUWKHUDSLHV,76DVWKHVWUHVVUHGXFWLRQPHWKRG$IWHUQRQ
UHFRUGLQJDGDSWDWLRQSHULRGPLQXWHVSV\FKRSK\VLRORJLFPHDVXUHVLQDOO
JURXSVZHUHUHFRUGHGGXULQJSUHWKHUDS\SHULRGPLQXWHVWKHUDS\SHULRG
PLQXWHVDQGSRVWWKHUDS\SHULRGPLQXWHV
5HVXOWV3HUFHQWDOSKDSRZHUGXULQJ,76DQG07ZHUHVLJQL¿FDQWO\PRUH
LQFUHDVHGWKDQSUHWKHUDS\DOOS)URQWDO(0*GXULQJ,76S
DQG07SZHUHVLJQL¿FDQWO\PRUHGHFUHDVHGWKDQSUHWKHUDS\)LQJHU
WHPSHUDWXUHVLQDOOJURXSVSLQ,76SLQ07SLQ$7	
97ZHUHVLJQL¿FDQWO\PRUHLQFUHDVHGWKDQSUHWKHUDS\6NLQFRQGXFWDQFH
GXULQJ,76DQG07KHDUWUDWHGXULQJ,76DQGUHVSLUDWRU\UDWHGXULQJWKHUD
S\LQDOOJURXSVVKRZHGWKHWUHQGVWRZDUGGHFUHDVHFRPSDULQJSUHWKHUDS\
%ORRGYROXPHSXOVHGXULQJ,76DQG07VKRZHGWKHWUHQGVWRZDUGLQFUHDVH
FRPSDULQJSUHWKHUDS\
&RQFOXVLRQV 7KLV UHVXOWV VXJJHVW WKDW RXU VXEMHFWV VKRZHG VLJQL¿FDQWO\
PRUHUHOD[HGVWDWHGXULQJ,76WKDQSUH,76SHULRGDQG,76PD\EHWKHPRVW
HIIHFWLYHUHOD[DWLRQWKHUDS\DPRQJDERYHJURXSV,76LVDFRPSUHKHQVLYH
QRQLQYDVLYHQHDUQDWXUDOHDV\WRXVHZLGHVSHFWUXPDQGHIIHFWLYHVWUDW
HJ\IRUVWUHVVUHGXFWLRQDQGSUHYHQWLRQ
5HIHUHQFHV
NHHJDQ/7KHUDSLHVWRUHGXFHVWUHVVDQGDQ[LHW\&ULW&DUH1XUV&OLQ
1RUWK$P
6FKHXIHOH30(IIHFWVRISURJUHVVLYH UHOD[DWLRQDQGFODVVLFDOPXVLF
RQ PHDVXUHPHQWV RI DWWHQWLRQ UHOD[DWLRQ DQG VWUHVV UHVSRQVHV - %HKDY
0HG
5RHGHU&(QYLURQPHQWDOGHVLJQ WHFKQRORJ\XVLQJFRORU	 OLJKWDV
PHGLFLQH-+HDOWKF'HV
32
&ODVVLI\LQJ7UHDWPHQW5HVSRQVH8VLQJ&RJQLWLYH3HUIRUPDQFH
LQ$'+'
$OH[&ROOLH
&RJ6WDWH/WG0HOERXUQH$XVWUDOLDDQG8QLYHUVLW\RI0HOERXUQH
$XVWUDOLD
3DXO0DUXII&DWKHULQH00ROOLFD$ODVGDLU9DQFH
2EMHFWLYHV&OLQLFLDQV UDUHO\ FRQVLGHU FKDQJH LQ FRJQLWLYH IXQFWLRQZKHQ
HYDOXDWLQJ WUHDWPHQW UHVSRQVH LQ LQGLYLGXDO FKLOGUHQZLWK$'+'7KLV LV
PRVWOLNHO\GXHWRDODFNRIVXLWDEOHDVVHVVPHQWWDVNVDVZHOODVFOLQLFLDQV¶
OLPLWHG DZDUHQHVV RI WKH DSSURSULDWH VWDWLVWLFDO WHFKQLTXHV IRU DQDO\VLQJ
FRJQLWLYH FKDQJH LQ LQGLYLGXDOV 7KLV VWXG\ LQYHVWLJDWHG WKH DSSOLFDWLRQ
RI VWDWLVWLFDO GHFLVLRQ UXOHV WR WKH FRJQLWLYH DQG EHKDYLRXUDOPHDVXUHV RI
LQGLYLGXDO FKLOGUHQZLWK$'+' LQRUGHU WR FODVVLI\ D VLJQL¿FDQW SRVLWLYH
UHVSRQVHWRPHGLFDWLRQ
0HWKRGV7KHGDWDRIFKLOGUHQZLWK$'+'FRPELQHGW\SH$'+'&7
ZDVDQDO\VHGWRLQYHVWLJDWHFKDQJHVLQIXQFWLRQIROORZLQJDORZDQGKLJK
GRVHRIVWLPXODQWPHGLFDWLRQPJDQGPJGH[DPSKHWDPLQH UHVSHF
WLYHO\7KHSHUIRUPDQFHVRIDJHJHQGHUDQG,4PDWFKHGFRQWUROVZDV
DOVRDQDO\VHGWRSURYLGHDQHVWLPDWHRIWKHIDOVHSRVLWLYHFODVVL¿FDWLRQUDWH
5HVXOWV 2YHUDOO WKH GHFLVLRQ UXOH \LHOGHG D KLJK VHQVLWLYLW\ DQG KLJK
VSHFL¿FLW\ WR WUHDWPHQWUHVSRQVH,Q WKHKLJKGRVHFRQGLWLRQRIFKLO
GUHQZLWK$'+' GHPRQVWUDWHG FRJQLWLYH DQG EHKDYLRXUDO LPSURYHPHQWV
ZKHUHDVQRQHRIWKHKHDOWK\SDUWLFLSDQWVZHUHFODVVL¿HGDVKDYLQJLPSURYHG
LQHLWKHUGRPDLQ
&RQFOXVLRQV 7KLV VWXG\ GHPRQVWUDWHV DQ HYLGHQFHEDVHG DSSURDFK WR
HYDOXDWLQJ FRJQLWLYH DQG EHKDYLRXUDO LPSURYHPHQW LQ LQGLYLGXDO FKLOGUHQ
ZLWK$'+'IROORZLQJWUHDWPHQWZLWKVWLPXODQWPHGLFDWLRQ
32
0HWDEROLF6\QGURPHLQ3V\FKLDWULF'LVRUGHUV
-RDFKLP&RUGHV
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\+HLQULFK+HLQH
8QLYHUVLW\'VVHOGRUI*HUPDQ\
0:$JHOLQN++DXQHU-=LHODVHN
2EMHFWLYHV7KHFRPRUELGLW\RIPHQWDO LOOQHVVDQGPHWDEROLFV\QGURPHLV
HPHUJLQJDVDDQLPSRUWDQWSXEOLFKHDOWKTXHVWLRQERWKIRUSULPDU\FDUHDQG
KRVSLWDOGHSDUWPHQWV7KHSUHYDOHQFHRI WKHPHWDEROLFV\QGURPHLVKLJKHU
LQSDWLHQWVZLWKVFKL]RSKUHQLDRUGHSUHVVLRQWKDQLQWKHJHQHUDOSRSXODWLRQ
0HWDEROLFV\QGURPHLVE\GH¿QLWLRQDPXOWLV\VWHPGLVRUGHUZKLFKGH
VFULEHVDFOXVWHULQJRIPHWDEROLFDQGFDUGLRYDVFXODUDEQRUPDOLWLHVLQFOXGLQJ
REHVLW\ K\SHUWHQVLRQ G\VOLSLGHPLD K\SHUXULFHPLD DQG DEQRUPDOLWLHV RI
JOXFRVHKRPHRVWDVLV
0HWKRGV ,Q WKH FXUUHQW QDWXUDOLVWLF VWXG\ZH HYDOXDWHG WKH LQFLGHQFH RI
WKHPHWDEROLFV\QGURPHLQLQSDWLHQWVRISV\FKLDWULFKRVSLWDOV7KHSUHVHQFH
RI WKHPHWDEROLF V\QGURPHZDV DVVHVVHG DW WKH EHJLQQLQJ DQG DW WKH HQG
RI WKHKRVSLWDO VWD\7KHFULWHULDRI WKHPHWDEROLF V\QGURPHDVGH¿QHGE\
WKH1DWLRQDO&KROHVWHURO(GXFDWLRQ3URJUDPP1&(3LQFOXGHGZDLVWFLU
FXPIHUHQFHEORRGSUHVVXUHVHUXPOHYHOVRIWULJO\FHULGHVDQGKLJKGHQVLW\
OLSRSURWHLQDQGIDVWLQJJOXFRVHOHYHOV:HKHUHUHSRUWRQWKH¿UVWSDWLHQWV
LQFOXGHGLQWKHRQJRLQJVWXG\
5HVXOWV3V\FKLDWULFLQSDWLHQWVKDGDKLJKSUHYDOHQFHRIWKHPHWDEROLFV\Q
GURPHLQWKDWZLWKFRPSOHWHGDWDVHWVRISDWLHQWVDWDGPLVVLRQ
IXO¿OOHGWKH1&(3FULWHULDIRUWKHPHWDEROLFV\QGURPH:KHQDOOGDWDVHWV
ZHUHDQDO\VHGZDLVWFLUFXPIHUHQFHZDV LQFUHDVHG LQEORRG
SUHVVXUH VHUXP OHYHOVRI WULJO\FHULGHVZHUH LQFUHDVHG LQ
  KLJKGHQVLW\ OLSRSURWHLQ GHFUHDVHG LQ   DQG IDVWLQJ
JOXFRVHOHYHOVZDVLQFUHDVHGLQ
&RQFOXVLRQV7KHPHWDEROLFV\QGURPHDIIHFWVRIWKHPLGGOHDJHG
SRSXODWLRQ LQ KLJKO\ LQGXVWULDOL]HG FRXQWULHV 2XU UHVXOWV GHPRQVWUDWH DQ
LQFUHDVHGSUHYDOHQFHRIWKHPHWDEROLFV\QGURPHLQSV\FKLDWULFLQSDWLHQWV
%RWKSDWLHQWVZLWK VHYHUHPHQWDO LOOQHVV DQGSDWLHQWVZLWKREHVLW\ DVVRFL
DWHGZLWK LQVXOLQ UHVLVWDQFHKDYHPDUNHG LQFUHDVHV LQ WKHLU FDUGLRYDVFXODU
PRUELGLWLHV DQG PRUWDOLWLHV DQG PHDVXULQJ WKH GLDJQRVWLF FULWHULD RI WKH
PHWDEROLFV\QGURPHLQSV\FKLDWULFSDWLHQWVLVZDUUDQWHGWRDVVHVVWKHFDUGLR
YDVFXODUULVNSUR¿OHLQLQGLYLGXDOSDWLHQWV7KHSUHVHQFHRIWKHVHULVNIDFWRUV
PD\ H[SODLQ WKH LQFUHDVHG PRUWDOLW\ RI SV\FKLDWULF SDWLHQWV EXW IXUWKHU
SURVSHFWLYH VWXGLHV DUH QHHGHG WR DGGUHVV WKLV TXHVWLRQ 7KH ZHOO NQRZQ
K\SHUFRUWLVROLVPLQPHQWDOLOOQHVVDQGREHVLW\DUHFRPPRQSKHQRPHQDDQG
PD\XQGHUOLHWKHPHWDEROLFV\QGURPHLQWKHVHFDVHV7KHXVHRIWKHVHFRQG
JHQHUDWLRQRIDQWLSV\FKRWLFVLVDVVRFLDWHGZLWKZHLJKWJDLQGLDEHWHVDQGDQ
DWKHURJHQLFOLSLGSUR¿OHDQGPD\DGGDGGLWLRQDOULVNVHVSHFLDOO\LQSDWLHQWV
ZKRDOUHDG\IXO¿OOWKHGLDJQRVWLFFULWHULDRIWKHPHWDEROLFV\QGURPH)DFWRUV
VXFKDVOLIHVW\OHSRRUGLHWDQGODFNRIH[HUFLVHPD\DGGLWLRQDOO\FRQWULEXWH
WRWKHGHYHORSPHQWRIWKHPHWDEROLFV\QGURPHLQSV\FKLDWULFSDWLHQWV
5HIHUHQFHV
7RDOVRQ3$KPHG6+DUG\7.DELQRII*7KH0HWDEROLF6\QGURPHLQ
3DWLHQWV:LWK6HYHUH0HQWDO ,OOQHVVHV3ULP&DUH&RPSDQLRQ -&OLQ3V\
FKLDWU\
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
32
,URQ6XSSOHPHQWDWLRQLQD<RXQJ&KLOGZLWK$'+'
6DPXHOH&RUWHVH
&KLOG3V\FKRSDWKRORJ\8QLW8QLYHUVLW\+RVSLWDO5REHUW'HEUp
3DULV)UDQFH&KLOG1HXURSV\FKLDWU\8QLW8QLYHUVLW\+RVSLWDO
*%5RVVL9HURQD,WDO\
(ULF.RQRIDO0LFKHO/HFHQGUHX[%HUQDUGR'DOOD%HUQDUGLQD
0DULH&KULVWLQH0RXUHQ
2EMHFWLYHV,URQGH¿FLHQF\KDVEHHQUHSRUWHGLQFKLOGUHQZLWK$'+',W
KDVEHHQVXJJHVWHGWKDWV\PSWRPVRI$'+'PD\EHFDXVHGE\GRSDPLQH
G\VIXQFWLRQ6LQFHLURQLVDFRHQ]\PHRIGRSDPLQHV\QWKHVLVDQGLURQGH¿
FLHQF\DOWHUVGRSDPLQH'DQG'UHFHSWRUGHQVLW\DQGDFWLYLW\LQDQLPDOV
EUDLQ LURQVWRUHVPD\LQÀXHQFHGRSDPLQHGHSHQGHQWIXQFWLRQV,URQVXS
SOHPHQWDWLRQKDVEHHQUHSRUWHGWRSDUWLDOO\LPSURYHEHKDYLRUDOV\PSWRPVLQ
QRQLURQGH¿FLHQW$'+'FKLOGUHQ1RVWXG\KDVH[DPLQHGWKHHIIHFWLYH
QHVVRI LURQVXSSOHPHQWDWLRQLQLURQGH¿FLHQW$'+'\RXQJFKLOGUHQ7KH
DLPRI WKLV VWXG\ LV WRDVVHVV WKHHIIHFWLYHQHVVRI LURQVXSSOHPHQWDWLRQ LQ
D \HDUROGPDOHZLWK$WWHQWLRQ'H¿FLW+\SHUDFWLYLW\'LVRUGHU $'+'
DFFRUGLQJWR'60,9FULWHULD
0HWKRGV7KH VHYHULW\RI$'+'V\PSWRPVZDVGHWHUPLQHGE\&RQQHUV¶
3DUHQW DQG 7HDFKHU 5DWLQJ 6FDOH VFRUHV 7KH VFDOHV ZHUH FRPSOHWHG DW
EDVHOLQH DQG DIWHU  PRQWKV RI 7DUG\IHURQ WUHDWPHQW IHUURXV VXOIDWH 
PJGD\6HUXPIHUULWLQOHYHOVDQGKDHPRJORELQZHUHPHDVXUHGDWEDVHOLQH
DQGDIWHUWUHDWPHQW
5HVXOWV$WEDVHOLQHVHUXPIHUULWLQOHYHOVIHUULWLQQJPOLQGLFDWHGLURQ
GH¿FLHQF\7KH FKLOGZDV QRW DQDHPLF KHPRJORELQ  JPO7KH
&RQQHUV¶3DUHQWDQG7HDFKHU5DWLQJ6FDOHVFRUHVZHUHDQG UHVSHF
WLYHO\$IWHUPRQWKVRI WUHDWPHQW IHUULWLQ OHYHOV LQFUHDVHGWRQJPO
7KH&RQQHUV¶3DUHQWDQG7HDFKHU5DWLQJ6FDOHVFRUHVGHFUHDVHGWRDQG
 UHVSHFWLYHO\ 7KH SDUHQWV GHVFULEHG WKH FKLOG DV OHVV K\SHUDFWLYH DQG
LPSXOVLYHDOWKRXJKKHVWLOOSUHVHQWHGVRPHGLI¿FXOW\ LQGHOD\LQJUHDFWLRQ
LIHDVLO\IUXVWUDWHG3DUHQWVDOVRGHVFULEHGVLJQL¿FDQWLPSURYHPHQWLQVOHHS
RQVHWODWHQF\$FFRUGLQJWRWKHWHDFKHUVWKHFKLOGLQWHUDFWHGPRUHZLWKSHHUV
DQGZDVPRUHLQWHUHVWHGLQVFKRRODFWLYLWLHV
&RQFOXVLRQV7KLVLVWKH¿UVWUHSRUWRILPSURYHPHQWLQ$'+'V\PSWRPVLQ
D\RXQJLURQGH¿FLHQWFKLOGDIWHULURQVXSSOHPHQWDWLRQ7KHGHFUHDVHRIERWK
&RQQHUV¶3DUHQWDQG&RQQHUV¶7HDFKHU5DWLQJ6FDOHVFRUHVVHHPVWRUXOHRXW
DSODFHERHIIHFW6LQFHSDUHQWVUHSRUWHGDGHFUHDVHLQVOHHSSUREOHPVLWLV
SRVVLEOHWKDWDEHWWHUTXDOLW\RIVOHHSPD\KDYHFRQWULEXWHGWRWKHGHFUHDVH
LQV\PSWRPDWRORJ\'RXEOHEOLQGHGSODFHERVWXGLHVDUHQHHGHGWRFRQ¿UP
WKHHIIHFWLYHQHVVRILURQVXSSOHPHQWDWLRQLQGHFUHDVLQJ$'+'V\PSWRPVLQ
\RXQJLURQGH¿FLHQWFKLOGUHQ
5HIHUHQFHV
.RQRIDO(HWDO,URQGH¿FLHQF\LQFKLOGUHQZLWKDWWHQWLRQGH¿FLW
K\SHUDFWLYLW\GLVRUGHU$UFK3HGLDWU$GROHVF0HG
(UQVW0HWDO '23$GHFDUER[\ODVHDFWLYLW\ LQDWWHQWLRQGH¿FLW
K\SHUDFWLYLW\ GLVRUGHU DGXOWV$ >ÀXRULQH@ÀXRURGRSD SRVLWURQ HPLVVLRQ
WRPRJUDSKLFVWXG\-1HXURVLF
6HYHU<HWDO,URQWUHDWPHQWLQFKLOGUHQZLWKDWWHQWLRQGH¿FLWK\
SHUDFWLYLW\GLVRUGHU$SUHOLPLQDU\UHSRUW1HXURSV\FKRELRORJ\
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0ROHFXODU*HQHWLF$UFKLWHFWXUHRI+XPDQ3UHSXOVH,QKLELWLRQ
5LFKDUG3(EVWHLQ
+HEUHZ8QLYHUVLW\	+HU]RJ+RVSLWDO,VUDHO
5D]/HYLQH/LRU&RKHQ8ULHO+HUHVR/HY\
5DFKHO%DFKQHU0HOPDQ
2MHFWLYHV3UHSXOVHLQKLELWLRQ33,LVWKHVXSSUHVVLRQRIWKHVWDUWOHUHÀH[
H\HEOLQNLQJZKHQ DZHDN QRQVWDUWOLQJ WRQH SUHVWLPXOXV SUHFHGHV WKH
VWDUWOLQJ VWLPXOXV E\ DERXW PV/LWWOH LV NQRZQ UHJDUGLQJJHQHV FRQ
WULEXWLQJWR33,LQKXPDQVDQGWRZDUGVFKDUDFWHUL]LQJWKHPROHFXODUJHQHWLF
DUFKLWHFWXUH RI KXPDQ 33,ZH WHVWHG D JURXS RI FDQGLGDWH JHQHV WKDWZH
K\SRWKHVL]HGDUHOLNHO\WREHDVVRFLDWHGZLWKVHQVRU\JDWLQJ
0HWKRGV  QRQFOLQLFDO VXEMHFWV ZHUH WHVWHG IRU VWDUWOH UHÀH[ DQG 33,
7KHVH VXEMHFWV DQG WKHLU IDPLOLHV KDYH EHHQ SUHYLRXVO\ JHQRW\SHG IRU D
QXPEHU RI FDQGLGDWH JHQHV DQG ZH WHVWHG IRU DVVRFLDWHG EHWZHHQ WKHVH
JHQHV DQG 33, XVLQJ D UREXVW IDPLO\EDVHG DVVRFLDWLRQ WHVW )%$7 	
813+$6('$VVRFLDWLRQ ZDV DOVR H[DPLQHG XVLQJ D SRSXODWLRQ EDVHG
DSSURDFKDQG$129$GHVLJQ
5HVXOWV  %\ SRSXODWLRQ DQDO\VLV WKHUH LV D VLJQL¿FDQW DVVRFLDWLRQ
)  S  EHWZHHQ WKH VHURWRQLQ WUDQVSRUWHU SURPRWHU UHJLRQ
SRO\PRUSKLVP+77/35&DUULHUVRI WKHVKRUWVKRUWEDVHSDLUGHOHWLRQ
VKRZVLJQL¿FDQWO\GHFUHDVHG33,PV7KHVHUHVXOWVZHUHFRQ¿UPHGE\
XVLQJ D IDPLO\EDVHG DVVRFLDWLRQ WHVW 813+$6('4SGWSKDVH VKRUW DO
OHOH] S 1 :HDOVRJHQRW\SHGSRO\PRUSKLVPVLQWKH
'5'UHFHSWRUDQGREVHUYHGDVVRFLDWLRQEHWZHHQDKDSORW\SHFRQVLVWLQJRI
SURPRWHUUHJLRQ613VESUHSHDWDQG33,PV
+%$7= S 6LPLODUO\DVVRFLDWLRQZDVREVHUYHGEHWZHHQD
VLQJOHKDSORW\SHFRQWDLQLQJWKHH[RQ,,,UHSHDWDQG33,PV³*´
	([RQ ,,,  UHSHDW ]  S  :H DOVR REVHUYHG DVVRFLDWLRQ
EHWZHHQ33,PVDQGWKHDUJLQLQHYDVRSUHVVLQUHFHSWRU$935DPLFUR
VDWHOOLWH56813+$6('JOREDOWHVWFKLVTXDUH S 1 
)LQDOO\ZHREVHUYHG VRPHHYLGHQFH IRU D FRQWULEXWLRQRIPRQRDPLQH
R[LGDVH$SURPRWHUUHJLRQWR33,PV813+$6('] S 
ZKHQRQO\WKH¿UVWKDOIRIWKHVHVVLRQZDVLQFOXGHGLQWKHDQDO\VLV
&RQFOXVLRQV 7KH FXUUHQW VWXG\ LV WKH ¿UVW WR LGHQWLI\ VHYHUDO FDQGLGDWH
JHQHV WKDW SURYLVLRQDOO\ DSSHDU WR FRQWULEXWH WR LQGLYLGXDO GLIIHUHQFHV LQ
33,+DSORW\SHV RI WKH'5' UHFHSWRU WKDW UHGXFH WUDQVFULSWLRQ DQG SUH
VXPDEO\ UHFHSWRU SURWHLQ V\QWKHVLV DQGZKLFK LQ WKH FXUUHQW VWXG\ FRQIHU
PRUH UREXVW 33, LV FRQVLVWHQW ZLWK DQLPDO OLWHUDWXUH VKRZLQJ WKDW H[FHVV
'$WUDQVPLVVLRQLQGXFHGE\DSRPRUSKLQHGLVUXSWV33,7KHFXUUHQW¿QGLQJV
WKDWWKH+77/35VKRUWSURPRWHUDOOHOHOHVVWUDQVSRUWHUDQGPRUHVHURWRQLQ
LVDVVRFLDWHGZLWKGHFUHDVHG33,LVFRQVLVWHQWZLWKERWKKXPDQDQGDQLPDO
VWXGLHVVKRZLQJWKDWH[FHVVVHURWRQLQGLVUXSWV33,
32
7RZDUGVD7KHRU\RI+XPDQ6FLHQFHV
*HUKDUG0HGLFXV
3V\FKLDWULF+RVSLWDORI7\URO$+DOOL7DQG
5HVHDUFK8QLWIRU+XPDQ(WKRORJ\LQWKH0D[3ODQFN6RFLHW\'
$QGHFKV
2EMHFWLYHV&DQZHVWUXFWXUHLQWHUGLVFLSOLQDULW\LQWKHKXPDQVFLHQFHV"
:KDWNQRZOHGJHLVWKHIRXQGDWLRQIRUZKLFKVSHFLDOLW\"
0HWKRGV ,Q WHUPV RI WKHRUHWLFDO PHWKRGRORJ\ $ FRPSOH[LW\ OHYHOV
HJFHOORUJDQLQGLYLGXDOJURXSDQGWKHLU³LQWHUDFWLRQ´ZLWKHDFKRWKHU
SOD\DQLPSRUWDQWUROHLQKXPDQVFLHQFHV,QDGGLWLRQ%WKHIRXUFHQWUDO
TXHVWLRQVRIELRORJLFDOUHVHDUFKDUHRISDUWLFXODULPSRUWDQFH7ZRRIWKHP
DUH WDNHQ LQWRFRQVLGHUDWLRQ LQDOORI WKHKXPDQVFLHQFHVQDPHO\  WKH
TXHVWLRQ UHJDUGLQJ WKH LPPHGLDWH FDXVHHIIHFW UHODWLRQVKLSV LQ IXQFWLRQDO
SURFHVVHVFDXVDWLRQDQGWKHTXHVWLRQUHJDUGLQJRQWRJHQ\,QRUGHUWR
EHWWHUXQGHUVWDQGOLIHSKHQRPHQDLQDOOWKHLUFRPSOH[LW\LWLVDOVRQHFHVVDU\
WRTXHVWLRQWKHLUDGDSWLYHYDOXHDQGWKHLUSK\ORJHQ\
5HVXOWV$QWDEXODURULHQWDWLRQPDWUL[FDQEHSUHSDUHGEDVHGRQWKHFHQWUDO
TXHVWLRQVHJFROXPQVDQGUHIHUHQFHOHYHOVHJOLQHV,QWKLV³VWUXFWXUDO
PRGHO RI LQWHUGLVFLSOLQDULW\´ GLVFLSOLQHV ZLWK D UHIHUHQFH WR WKH SHUIRUP
DQFHRIWKHQHUYRXVV\VWHPWKHLUTXHVWLRQVDQGUHVXOWVFDQEHDOORFDWHGDQG
LQWHUWZLQHGZLWKHDFKRWKHU
&RQFOXVLRQV7KHUHIHUHQFHIUDPHZRUNIRUWKRVHGLVFLSOLQHVWKDWGHDOZLWK
WKHIXQFWLRQVRIWKHQHUYRXVV\VWHPEHFRPHVFOHDUZKHQEDVHGRQWKHPD
WUL[ZLWKWKHIRXUFHQWUDOTXHVWLRQVRIELRORJLFDOUHVHDUFKRQHDVNVDQGDWWKH
VDPHWLPHWDNHVWKHUHIHUHQFHOHYHOVDWZKLFKWKHTXHVWLRQVDUHDLPHGLQWR
DFFRXQW7KLV³ELRSV\FKRVRFLDO´RULHQWDWLRQIUDPHZRUNLVWKHEDVLVIRUWKH
GHYHORSPHQWRIDQLQWHUGLVFLSOLQDU\FRQVHQVXV
32
,PSDFWRI5LVSHULGRQH0RQRWKHUDS\RQ$'+'6\PSWRPVLQ
&KLOGUHQZLWK%LSRODU'LVRUGHU
(ULF0LFN
0DVVDFKXVHWWV*HQHUDO+RVSLWDO86$
-RVHSK%LHGHUPDQ
2EMHFWLYHV&KLOGKRRG ELSRODU GLVRUGHU LV DPRQJ WKHPRVW VHYHUHO\ GLVD
EOLQJSV\FKLDWULFFRQGLWLRQVDIIHFWLQJFKLOGUHQ<RXWKZLWKELSRODUGLVRUGHU
DUH DOVR DW KLJK ULVN RI KDYLQJ FRPRUELG DWWHQWLRQGH¿FLW K\SHUDFWLYLW\
GLVRUGHU$'+'7KHREMHFWLYHRIWKLVVWXG\ZDVWRHVWLPDWHLPSURYHPHQW
RI$'+'V\PSWRPVLQFKLOGUHQHQUROOHGLQDFOLQLFDOWULDORIULVSHULGRQHIRU
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
WKHWUHDWPHQWRISHGLDWULFELSRODUGLVRUGHU
0HWKRGV 6XEMHFWV ZHUH HQUROOHG LQ DQ ZHHN RSHQODEHO PRQRWKHUDS\
WULDORI ULVSHULGRQH$OO VWXG\SURFHGXUHVZHUH UHYLHZHGDQGDSSURYHGE\
WKH,QVWLWXWLRQDO5HYLHZ%RDUG5LVSHULGRQHZDVLQLWLDWHGDWDQRSHQODEHO
GRVHRIPJGD\IRUFKLOGUHQ\HDUVDQGPJGD\IRUROGHU\RXWK
WREHLQFUHDVHGZHHNO\DFFRUGLQJWRUHVSRQVHDQGWROHUDELOLW\WRDPD[LPXP
GRHVRIPJGD\IRUDQGXSWRPJGD\IRUROGHU\RXWK&RQFRPLWDQW
SV\FKRVWLPXODQWVZHUHDOORZHGGXULQJWKHVWXG\LILQWKHFOLQLFLDQ¶VMXGJ
PHQWLWZDVLQWKHEHVWLQWHUHVWRIWKHSDWLHQWVWRFRQWLQXHWKLVWUHDWPHQWRU
LIWKHSDWLHQWGLGQRWZLVKWRVWRSVWLPXODQWWUHDWPHQWDQGRQO\LIWKHSDWLHQW
KDGEHHQRQDVWDEOHGRVHIRUDWOHDVWGD\V)RXUVXEMHFWVZHUHDOVRUHFHLY
LQJVWLPXODQWWKHUDS\WKURXJKRXWWKHWULDO
5HVXOWV  VXEMHFWV ZHUH HQUROOHG LQ WKH WULDO ZHUHPDOH DYHUDJH
DJH ZDV  \HDUV $W VWXG\ HQGSRLQW PHDQ ULVSHULGRQH GRVH ZDV
 PJGD\$W EDVHOLQH VXEMHFWV ZHUH PDUNHGO\ LPSDLUHG DFFRUGLQJ
WR WKH <056  DQG WKH $'+' UDWLQJ VFDOH  :LWK
UHJDUG WRPDQLFV\PSWRPVUHVSRQVHZDVUREXVW7KH<056ZDVUHGXFHG
E\SRYHUZHHNV5HVSRQVHZDVUDSLGZLWK
UHVSRQGLQJ ZLWKLQ  ZHHNV )LJXUH  LOOXVWUDWHV WKH PHDQ $'+'56 DW
HDFK SRLQW DVVHVVHG %RWK K\SHUDFWLYHLPSXOVLYH  S DQG
LQDWWHQWLYHSV\PSWRPVZHUHLPSURYHGZLWKULVSHULGRQH
)XUWKHUPRUHWKHSDWWHUQRI$'+'UHVSRQVHZDVGLIIHUHQWIRUERWKV\PSWRP
JURXSVLQHDUO\DQGODWHPDQLDUHVSRQGHUV LQGLFDWLQJWKDW$'+'UHVSRQVH
DWZHHN ZDV VLJQL¿FDQWO\ JUHDWHU LQ WKRVH WKDW KDG DOUHDG\ UHJLVWHUHG D
PDQLDUHVSRQVH
&RQFOXVLRQV 7KLV SLORW VWXG\ VXJJHVWV WKDW ULVSHULGRQH LV DVVRFLDWHG
ZLWK LPSURYHPHQW RI$'+'V\PSWRPV LQ FKLOGUHQZLWK ELSRODU GLVRUGHU
7KHVHUHVXOWVVXJJHVWWKDWSULRUPRRGVWDELOL]DWLRQLVQHFHVVDU\IRU$'+'
V\PSWRPVWRLPSURYH+RZHYHUERWKLQDWWHQWLYHDQGK\SHUDFWLYHLPSXOVLYH
V\PSWRPVZHUHLPSURYHGLQGLFDWLQJWKDWULVSHULGRQHPD\H[HUWLWVHIIHFWVLQ
DOOV\PSWRPVRI$'+'$WHQGSRLQWKRZHYHUVXEMHFWVFRQWLQXHGWRUHSRUW
UHVLGXDO V\PSWRPV RI$'+' DQG WKH PDMRULW\ ZHUH QRW UDWHG DV KDYLQJ
H[SHULHQFHGFOLQLFDOLPSURYHPHQW
5HIHUHQFHV
%LHGHUPDQ - 0LFN ( -RKQVRQ 0$ :R]QLDN - $OHDUGL 0 6SHQFHU 7
)DUDRQH69$3URVSHFWLYHRSHQODEHOWUHDWPHQWRIULVSHULGRQHPRQRWKHUDS\
LQFKLOGUHQDQGDGROHVFHQWVZLWKELSRODUGLVRUGHU-RXUQDORI&KLOGDQG$GR
OHVFHQW3V\FKRSKDUPDFRORJ\VXEPLWWHG
32
,PSURYHPHQWRI6FKL]RSKUHQLF1HJDWLYH6\PSWRPVDIWHU+LJK
)UHTXHQF\5HSHWLWLYH7UDQVFUDQLDO0DJQHWLF6WLPXODWLRQ
U7063UHOLPLQDU\'DWDIURPD'RXEOH%OLQG6KDP
&RQWUROOHG6WXG\
-RDFKLP&RUGHV
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\+HLQULFK+HLQH
8QLYHUVLW\'VVHOGRUI*HUPDQ\
0$UHQGV$0REDVFKHU0-lQQHU0:$JHOLQN

,QWURGXFWLRQ(YHQDIWHUWKHLQWURGXFWLRQRIDW\SLFDOQHXUROHSWLFVWKHUDS\
UHVLVWDQW V\PSWRPV RI VFKL]RSKUHQLF SV\FKRVHV VWLOO UHSUHVHQW D VHULRXV
SUREOHP IRU WKH FOLQLFDQ ,Q DQLPDO H[SHULPHQWDO VWXGLHV D PRGXODWLQJ
HIIHFW RI U706RQ GRSDPLQHUJLF QHXURWUDQVPLVVLRQZDV YHUL¿HG+LJK RU
ORZIUHTXHQF\U706FDQH[FLWHRULQKLELWFRUWLFDODUHDVRIWKHEUDLQ,WKDV
EHHQXVHGIRUSK\VLRORJLFDOVWXGLHVDQGDVDWUHDWPHQWIRUGHSUHVVLRQU706
VKRZV LQFUHDVLQJHYLGHQFHRI VXFFHVVIXO WUHDWPHQW LQVFKL]RSKUHQLD0RVW
UHVXOWVGHPRQVWUDWHD UHGXFWLRQRIQHJDWLYHV\PSWRPV IROORZLQJKLJK IUH
TXHQF\U706/RZIUHTXHQF\U706ZLWKWHPSRUDOVWLPXODWLRQPLJKWOHDG
WRDUHGXFWLRQRIDXGLWRU\KDOOXFLQDWLRQV%XWWKHUHLVDVPDOOVDPSOHVL]HRI
VKDPFRQWUROOHGVWXGLHV7KLVVWXG\ZDVUHDOL]HGWRHYDOXDWHWKHHIIHFWVRI
U706RQQHJDWLYHV\PSWRPVLQVFKL]RSKUHQLD
0HWKRGV%\XVLQJDVKDPFRQWUROOHGUDQGRPL]HGGHVLJQSDWLHQWVZLWK
VFKL]RSKUHQLD XQGHUZHQW DQ DGGRQ WUHDWPHQWZLWK +] U706 RYHU 
GD\VRIWKHGRUVRODWHUDOSUHIURQWDOFRUWH[DWRIPRWRUWKUHVKROG7KH
FOLQLFDOUDWLQJVZHUHDVVHGDWEDVHOLQHEHIRUHWKH¿UVWDQGDIWHUWKHWKVHV
VLRQZLWKU7067KH3RVLWLYHDQG1HJDWLYH6\PSWRPV6FDOH3$166ZDV
XVHGWRDVVHVVVFKL]RSKUHQLFV\PSWRPDWLF7KH8.8VLGHHIIHFWVVFDOHDQGD
QHXURSV\FKRORJLFDOEDWWHU\ZHUHDGPLQLVWHUHG7KHUDWLQJVZHUHSHUIRUPHG
E\DSV\FKLDWULVWZKRZDVEOLQGWRWKHQDWXUHRIWUHDWPHQW
5HVXOWV  VFKL]RSKUHQLF SDWLHQWV  UDQGRPL]DWLRQ FRPSOHWHG WKH
ZHHN WUHDWPHQW SURWRFRO 1R VHULRXV DGYHUVH HIIHFWV RI U706ZHUH UH
SRUWHG7KHUHZDVDKLJKO\VLJQL¿FDQWLPSURYHPHQWRIQHJDWLYHV\PSWRPV
S LQWKHSDWLHQWVWUHDWHGZLWKYHUXPU706
'LVFXVVLRQ7KHSUHOLPLQDU\UHVXOWVRIWKLVVWXG\VXJJHVWDWKHUDSHXWLFHIIHFW
RIU706RQQHJDWLYHV\PSWRPVLQVFKL]RSKUHQLD/DUJHUSODFHERFRQWUROOHG
VWXGLHVDUHXUJHQWO\UHTXLUHGWRDOORZDQDGHTXDWHDVVHVVPHQWRIWKHFOLQLFDO
DQGQHXURELRORJLFDOHIIHFWVRIU706LQVFKL]RSKUHQLD
32
&LUFDGLDQ$FWLYLW\DQG6OHHSDUH)RXQGWREH'LVWXUEHGLQ
6HDVRQDO$IIHFWLYH'LVRUGHU
(GGD3MUHN
'HSDUWPHQWRI*HQHUDO3V\FKLDWU\0HGLFDO8QLYHUVLW\RI9LHQQD
$XVWULD
'LHWPDU:LQNOHU$QDVWDVLRV.RQVWDQWLQLGLV-UJHQ6WDVWQ\
/XNDV3H]DZDV1LFROH3UDVFKDN5LHGHU0DWWKlXV:LOOHLW
6LHJIULHG.DVSHU
2EMHFWLYHV $EQRUPDOLWLHV RI WKH UHVWDFWLYLW\ F\FOH KDYH EHHQ IRXQG LQ
YDULRXV SV\FKLDWULF GLVRUGHUV >@ DQG DUH K\SRWKHVL]HG WR EH SDUW RI WKH
XQGHUO\LQJSDWKRORJ\RI VHDVRQDO DIIHFWLYHGLVRUGHU 6$' IDOOZLQWHU GH
SUHVVLRQ>@7KHSUHVHQWVWXG\H[DPLQHGDFWLYLW\OHYHOVDQGVOHHSLQ6$'
ZLWKDFWLJUDSK\
0HWKRGV:H FRQGXFWHG D FDVHFRQWURO VWXG\ LQ 6$'SDWLHQWV DQG 
VH[DQGDJHPDWFKHGVXEMHFWVZLWKRXWSUHVHQWRUSDVWSV\FKLDWULFKLVWRU\
%RG\ZHLJKWS DQGKHLJKWS GLGQRWGLIIHUEHWZHHQSDWLHQWV
DQGFRQWUROVXEMHFWV/RFRPRWRUDFWLYLW\ZDVPHDVXUHGIRURQHZHHNGXU
LQJ WKHIDOOZLQWHUVHDVRQZLWKZULVWDFWLYLW\PRQLWRUV $FWLZDWFK3OXVE\
&DPEULGJH1HXURWHFKQRORJ\/WG&DPEULGJHVKLUH8.
5HVXOWV6$'SDWLHQWVKDGORZHUWRWDOS DQGORZHUGD\
OLJKWDFWLYLW\LHDFWLYLW\EHWZHHQVXQULVHDQGVXQVHWS FRPSDUHG
WR QRUPDO FRQWUROV:H DOVR LQYHVWLJDWHG FKDQJHV LQ GDUN DFWLYLW\ OHYHOV
LHDFWLYLW\GXULQJQLJKWKRZHYHUJURXSGLIIHUHQFHVS ZHUHQRW
VLJQL¿FDQW$FWXDOVOHHSWLPHLHSHUFHQWDJHRIWLPHDVOHHSEHWZHHQVOHHS
RQVHWDQGHQGRIVOHHSZDVQRWVWDWLVWLFDOO\GLIIHUHQWEHWZHHQWKHWZRJURXSV
S +RZHYHUZHREVHUYHGDORZHUVOHHSHI¿FLHQF\LHDFWXDO
VOHHSWLPHGLYLGHGWKURXJKWRWDOWLPHLQEHGLQ6$'SDWLHQWVFRPSDUHGWR
WKHFRQWUROJURXSS 
&RQFOXVLRQV 7KH UHVXOWV RI WKLV VWXG\ FRQ¿UP GLVWXUEDQFHV RI WKH UHVW
DFWLYLW\F\FOHLQ6$'GXULQJIDOODQGZLQWHU)XUWKHUUHVHDUFKLQWKLV¿HOG
VKRXOG FRQFHQWUDWH RQ GLIIHUHQFHV LQ DFWLYLW\ OHYHOV DQG VOHHS EHWZHHQ
VSULQJVXPPHUDQGIDOOZLQWHU
5HIHUHQFHV
7HLFKHU0+$FWLJUDSK\DQGPRWLRQDQDO\VLVQHZWRROVIRUSV\FKLDWU\
+DUY5HY3V\FKLDWU\
/DP5:/HYLWDQ5'3DWKRSK\VLRORJ\RIVHDVRQDODIIHFWLYHGLVRUGHUD
UHYLHZ-3V\FKLDWU\1HXURVFL
32
,GHQWLILFDWLRQRIDQ$XWLVP6XVFHSWLELOLW\*HQHRQ
&KURPRVRPHS
(ONH5RVFKPDQQ
,QWHJUD*HQ6$(YU\)UDQFH
$QQH3KLOLSSL)UDQFLV5RXVVHDX-RHUJ+DJHU
2EMHFWLYHV:HKDYHGHYHORSHGDQRYHOWHFKQRORJ\IRUJHQHLGHQWL¿FDWLRQ
LQ FRPSOH[ GLVHDVH FDOOHG *HQRPH+,3 ZKLFK RYHUFRPHV PDQ\ RI WKH
OLPLWDWLRQVRIPRUHWUDGLWLRQDOOLQNDJHPDSSLQJPHWKRGV7KHLGHQWL¿FDWLRQ
LVEDVHGRQWKHIDFWWKDWLQGLYLGXDOVLQDIDPLO\DIIHFWHGE\WKHVDPHGLVHDVH
VKDUHWKHVDPHGLVHDVHJHQHV*HQRPH+,3VHOHFWVDQGVFRUHVLQDVLQJOH
H[SHULPHQWDOOWKHUHJLRQVWKDWDUHÄLGHQWLFDOE\GHVFHQW³,%'EHWZHHQWKH
JHQRPHVRI WKHVH IDPLO\PHPEHUVDQGHOLPLQDWHV WKH'1$VHJPHQWV WKDW
DUHQRWLGHQWLFDO,QWKHSUHVHQWVWXG\*HQRPH+,3ZDVDSSOLHGWRLGHQWLI\
VXVFHSWLELOLW\JHQHVLQDXWLVP
0HWKRGV  LQGHSHQGHQW VLE SDLUV DIIHFWHG ZLWK DXWLVP ZHUH RE
WDLQHG IURP $XWLVP *HQHWLF 5HVHDUFK ([FKDQJH $*5( WR SHUIRUP
*HQRPH+,3)DPLOLHVZHUH LQFOXGHG LIERWKDIIHFWHGVLEV LQ WKH IDPLO\
VKRZHG DOO WKUHH GHYHORSPHQWDO GLVDELOLWLHV FKDUDFWHULVWLF IRU DXWLVP LP
SDLUPHQWVLQVRFLDOLQWHUDFWLRQDQGFRPPXQLFDWLRQDVVRFLDWHGZLWKUHSHWLWLYH
SDWWHUQVRI LQWHUHVWRUEHKDYLRXUDQGLIERWKZHUHFRQFRUGDQWIRUGHOD\HG
RQVHWRIVSHHFKEH\RQGPRQWKVRIDJH7KH'1$IURPDIIHFWHGVLEVIURP
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
HDFK IDPLO\ ZDV SDLUHG DQG SURFHVVHG ZLWK *HQRPH+,3 WR SK\VLFDOO\
HQULFKWKH,%'UHJLRQV7KHLGHQWLFDOVHTXHQFHVZHUHPDSSHGE\K\EULGLVD
WLRQ RQWR D%$&PLFURDUUD\ UHSUHVHQWLQJ WKH KXPDQJHQRPH DW D0E
UHVROXWLRQ$QDO\VLVRIWKHPLFURDUUD\GDWDDOORZHGWKHLGHQWL¿FDWLRQRIWKH
UHJLRQV VSDQQLQJRQDYHUDJH0E WKDW DUH VKDUHGEHWZHHQ WKHGLIIHUHQW
SDLUVRIUHODWHGLQGLYLGXDOV
5HVXOWV$WOHDVW¿YHORFLZLWKVWDWLVWLFDOO\VLJQL¿FDQWHYLGHQFHIRUOLQNDJH
ZHUHLGHQWL¿HGXVLQJ*HQRPH+,32QHRIWKHORFLZDVRYHUODSSLQJZLWK
D OLQNDJH UHJLRQRQ FKURPRVRPHS SPD[ [ UHSRUWHGE\RWKHU
VWXGLHV)LQHPDSSLQJLQWKHORFXVRQFKURPRVRPHSUHYHDOHGHYLGHQFH
IRU DVVRFLDWLRQ ZLWK VHYHUDO 613V SPD[  LQ RQH JHQH XVLQJ WKH
WUDQVPLVVLRQGLVHTXLOLEULXPWHVW7'77KHJHQHLVH[SUHVVHGLQWKHEUDLQ
DQGLQYROYHGLQWKHUHJXODWLRQRIV\QDSWLFWUDQVPLVVLRQ)XUWKHUUH¿QHPHQW
HPSOR\LQJDGHQVHPDSRI613VFRYHULQJWKHFRGLQJUHJLRQDQGXSWRNE
RIWKH¶DQG¶VHTXHQFHRIWKHJHQHLGHQWL¿HGDKDSORW\SHWKDWZDVVWURQJO\
DVVRFLDWHGZLWKDXWLVPS [*HQRW\SHUHODWLYHULVNZDVHVWLPDWHG
WREH&,IRULQGLYLGXDOVKRPR]\JRXVIRUWKLVKDSOR
W\SH5HSOLFDWLRQRIWKHUHVXOWVLQLQGHSHQGHQWWULRIDPLOLHVIURPWKH$*5(
FROOHFWLRQLVFXUUHQWO\XQGHUZD\
&RQFOXVLRQV6WURQJHYLGHQFHIRUDQDXWLVPVXVFHSWLELOLW\JHQHRQFKURPR
VRPHSZDVREVHUYHGLQ$*5(IDPLOLHV)XUWKHUVWXGLHVDUHUHTXLUHGLQ
DGGLWLRQDOVDPSOHFROOHFWLRQVWRYHULI\WKHVHUHVXOWV
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%HKDYLRXUDQG0RRG'LVRUGHUVLQ&KLOGUHQZLWK/HDUQLQJ
'LVDELOLWLHV
*HRUJLRV6WHIDQRX
3HQWHOL&KLOGUHQ¶V+RVSLWDO*UHHFH
$OH[DQGUD0LFKRSRXORX(LULQL&KDW]LRDQQLGRX$WKLQD,OLDGRX
'DQDL3DQDJLRWRX3DQDJLRWD*HRUJLDGRX
2EMHFWLYHV 3UHYLRXV VWXGLHV DW 3HQWHOL&KLOGUHQµV+RVSLWDO LQGLFDWHG WKDW
FKLOGUHQZLWKOHDUQLQJGLVDELOLWLHVSUHVHQWVHFRQGDU\SV\FKRORJLFDOSUREOHPV
HJGHSUHVVLRQ$WWKHSUHVHQWVWXG\ZHDLPWRH[WHQGDQGV\VWHPDWL]HWKH
W\SRORJ\RISV\FKRORJLFDOSUREOHPVRQDODUJHUFOLQLFDOSRSXODWLRQRIFKLO
GUHQZLWKOHDUQLQJGLVDELOLWLHV,WZDVH[SHFWHGWKDWFKLOGUHQZLWKOHDUQLQJ
GLI¿FXOWLHVZRXOGSUHVHQWKLJKOHYHOVRIGHSUHVVLYHDQ[LRXVDQGDJJUHVVLYH
V\PSWRPVDVZHOODVORZVHOIHVWHHP$OVRLWZDVH[SHFWHGWKDWFKLOGUHQ
ZLWKPRUH VHULRXV OHDUQLQJRU LQWHOOHFWXDO GLVDELOLWLHVZRXOGSUHVHQWPRUH
HOHYDWHGSV\FKRORJLFDOV\PSWRPV
0HWKRGV 7KH VDPSOH ZDV FRQVLVWHG RI  FKLOGUHQ DJHG  WR  7KH
FKLOGUHQZHUHFDWHJRUL]HGLQWKUHHGLIIHUHQWJURXSVDFKLOGUHQZLWKVOLJKW
OHDUQLQJGLVDELOLWLHVEFKLOGUHQZLWKG\VOH[LDDQGFFKLOGUHQZLWKOHDUQLQJ
DQG LQWHOOHFWXDO GLVDELOLWLHV&KLOGUHQZHUH JLYHQ WR FRPSOHWH%HFN<RXWK
,QYHQWRU\ DQG WKHLU SDUHQWV ZHUH DVNHG WR FRPSOHWH$FKHQEDFK SDUHQWV¶
TXHVWLRQQDLUH,QRUGHUWRFRPSDUHWKHWKUHHJURXSVZHXVHGWKH[WHVW
5HVXOWV7KH%HFN<RXWK,QYHQWRU\LQGLFDWHGWKDWRIFKLOGUHQKDYHORZ
VHOIFRQFHSWDQJHUDQ[LHW\DQGGHSUHVVLYHIHHOLQJV:HDOVR
IRXQG WKDW SDUHQWV JHQHUDOO\ XQGHUHVWLPDWH WKRVH DIIHFWLYH SUREOHPV DQG
IRFXVRQWKHWUHDWPHQWRIWKHOHDUQLQJGLVDELOLWLHV
&RQFOXVLRQV 2XU K\SRWKHVLV ZDV SDUWLDOO\ FRQ¿UPHG DV ZH IRXQG WKDW
FKLOGUHQZLWKLQWHOOHFWXDODQGOHDUQLQJGLVDELOLWLHVSUHVHQWPRUHGHSUHVVLRQ
DQ[LHW\V\PSWRPVDQGDQJHUWKDQFKLOGUHQZLWKVOLJKWOHDUQLQJGLI¿FXOWLHV
5HIHUHQFHV
5RXVVRX $  3V\FKRPHWULF LVVXHV LQ FOLQLFDO DFWLRQ DQG UHVHDUFK
$WKHQV+HOOHQLFOHWWHUV
+HUEHUW03V\FKRORJLFDOSUREOHPVRIFKLOGKRRG9RO	$WKHQV
+HOOHQLFOHWWHUV
32
&DQQDELQRLG5HFHSWRU*HQH3RO\PRUSKLVPDQG$GXOW
$'+'LQ0DOH'HWDLQHHV
-RKDQQHV7KRPH
8QLYHUVLW\RI:DOHV6ZDQVHD8.
&KULVWLDQ.LVVOLQJ6WHIDQ:LHPDQQ0LFKDHO5|VOHU
:ROIJDQJ5HW]
2EMHFWLYHV$'+'LVFRPPRQO\IRXQGLQVXEMHFWVZLWKDQWLVRFLDOSHUVRQDO
LW\GLVRUGHUVDQGSUHGLFWVFULPLQDODFWLYLW\LQDGXOWKRRGVXJJHVWLQJWKDWWKLV
GLVRUGHUPD\EHKLJKO\SUHYDOHQWLQGHOLQTXHQWV7KHFDQQDELQRLGUHFHSWRU
W\SH&%&QULVD*LFRXSOHGSUHV\QDSWLFVHYHQWUDQVPHPEUDQHUHFHS
WRUIRXQGLQGRSDPLQHPRGXODWHGEUDLQUHJLRQV&DQQDELQRLGUHFHSWRUVDQG
WKHLUSRVWXODWHGHQGRJHQRXVOLJDQGVPD\SOD\DQLPSRUWDQWIXQFWLRQDOUROH
LQ WKH VWULDWXPZKHUH WKH\PD\DFWDVDQ LQKLELWRU\ IHHGEDFNPHFKDQLVP
FRXQWHULQJ GRSDPLQHLQGXFHG IDFLOLWDWLRQ RI PRWRU DFWLYLW\ ([SHULPHQWDO
UHVXOWVLQGLFDWHWKDWWKHHQGRJHQRXVFDQQDELQRLGV\VWHPPD\FRQWULEXWHWR
WKHSV\FKRSDWKRORJ\RIGLVRUGHUVVXFKDV$'+'IRUZKLFKG\VUHJXODWLRQV
LQGRSDPLQHUJLFQHXURWUDQVPLVVLRQKDYHEHHQSRVWXODWHG7KXVDIXQFWLRQDO
PRGL¿FDWLRQ RI WKH &%&QU FRXOG KDYH LQGLUHFW HIIHFWV RQ GRSDPLQH
GULYHQDGDSWLYHUHJXODWRU\SURFHVVHVDQGLQWXUQFRXOGLQÀXHQFHWKHSUHGLV
SRVLWLRQWR$'+'DQGVXEVWDQFHDEXVH7KHJRDORIWKLVVWXG\ZDVWRWHVWD
QHZSRVVLEOHFDQGLGDWHSRO\PRUSKLVPRI&%&QUUHODWHGWR$'+'
0HWKRGV:HSHUIRUPHGDQDVVRFLDWLRQVWXG\RI*!$SRO\PRUSKLVPZLWK
$'+'WUDLWVLQPDOHDGXOWGHWDLQHHVZLWK*HUPDQEDFNJURXQGVXIIHULQJ
RI$'+'$'+' V\PSWRPVZHUHPHDVXUHG XVLQJ D QHZ LQVWUXPHQW GH
VLJQHGDFFRUGLQJWR'60,9DQG,&'+\SHUNLQHWLF6\QGURPHUHVHDUFK
FULWHULDDQG<RXWK6HOI5HSRUW<RXQJ$GXOW6HOI5HSRUW
5HVXOWV7KHFXUUHQWVWXG\GRHVQRWGHPRQVWUDWHDQ\VLJQL¿FDQWDVVRFLDWLRQ
RIWKHVHOIUDWLQJIRUDWWHQWLRQGH¿FLWZLWKJHQRW\SHVRIWKH613UV
&RQFOXVLRQV 2XU VWXG\ LQ WKH PDOH DGXOW SRSXODWLRQ RI GHWDLQHHV ZLWK
*HUPDQEDFNJURXQGVXIIHULQJRI$'+'DUJXHVDJDLQVWWKHK\SRWKHVLVWKDW
*!$SRO\PRUSKLVPRIWKH&%&QULVFDXVDOO\UHODWHGWRDGXOW$'+'EXW
IXUWKHU LQGHSHQGHQW UHSOLFDWLRQV DUHQHFHVVDU\ WR FRQ¿UP WKLV SUHOLPLQDU\
UHVXOW
5HIHUHQFHV
5HW]:HWDO3V\FKRPHWULFDQGSV\FKRSDWKRORJLFDOFKDUDFWHUL]D
WLRQRI\RXQJPDOHSULVRQLQPDWHVZLWKDQGZLWKRXWDWWHQWLRQGH¿FLWK\SHU
DFWLYLW\GLVRUGHU(XU$UFK3V\FKLDWU\&OLQ1HXURVFL
32
6LQWLJUDSK\LV8VHIXOIRUWKH'LDJQRVLVRI5KDEGRP\RO\VLV
0LFKL\D6XJDZDUD
7RKR8QLYHUVLW\6FKRRORI0HGLFLQH7RN\R-DSDQ
1DRKLVD7VXMLQR$NLQRUL.DZDQD
2EMHFWLYHV5KDEGRP\RO\VLVRFFDVLRQDOO\FDXVHVDFXWHUHQDOIDLOXUHVHFRQG
DU\WRWKHPDLQGLVHDVHDQGGHDWK'XHWRLWVVHYHULW\LWUHTXLUHVDSSURSULDWH
DQGVSHHG\GLDJQRVHVDQGWUHDWPHQWV
0HWKRGV:HDUHUHSRUWLQJWKDWWKHUHVXOWVRIVFLQWLJUDSK\XVLQJWHFKQHWLXP
PK\GUR[\PHWK\OHQH
GLSKRVSKRQDWHP7F+0'3IRUUKDEGRP\RO\VLVREVHUYHGLQSV\FKLDWULF
SDWLHQWV
&DVHV&DVH&RQVLGHULQJ WKHIDFW WKDW WKHGLVWXUEDQFHRIFRQVFLRXVQHVV
RFFXUUHGVXEVHTXHQWWRWKHH[FHVVLYHLQWDNHRI2ODQ]DSLQHLWZDVFRQFOXGHG
WKDWWKHH[FHVVLYHLQWDNHRI2ODQ]DSLQHGLUHFWO\FDXVHGWKHUKDEGRP\RO\VLV
&DVH  7KH RQVHW RI UKDEGRP\RO\VLV ZDV H[KLELWHG DIWHU WKH H[FHVVLYH
LQWDNH RI WKH DQWLSV\FKRWLFV VSHQGLQJ WR OLH ORQJ KRXUV 7KHUHIRUH WKH
V\PSWRPVZHUHFRQVLGHUHGWREHUHODWHGWRWKHFUXVKV\QGURPH
&DVHZDVFRQVLGHUHGWKDWZDWHULQWR[LFDWLRQFDXVHGWKHWRQLFFRQYXOVLRQ
DQGVXEVHTXHQWUKDEGRP\RO\VLV
5HVXOWV 7KH PHFKDQLVP LQ ZKLFK UKDEGRP\RO\VLV FUHDWHG XSWDNHV E\
PHDQV RI P7F+0'3 KDV EHHQ H[SODLQHG DV IROORZV DV VDUFRSODVPLF
UHWLFXOXPVIDLO&DÀRZVLQIURPH[WUDFHOOXODUÀXLGDQGP7F+0'3LV
DOVRVLPXOWDQHRXVO\LQFRUSRUDWHG7KHYDOXHRIWKHVHUXP&.LWVHOILVQRW
FRQQHFWHGWRWKHRQVHWRIDFXWHUHQDOIDLOXUH$VWKHVFLQWLJUDSK\VSHFL¿FDOO\
LGHQWL¿HVDIIHFWHGSRVLWLRQVLWLVKHOSIXOIRUPDNLQJVXFKGLVWLQFWLRQ
&RQFOXVLRQV ,Q WUHDWLQJ UKDEGRP\RO\VLV RQH RI WKH FRPSOLFDWLRQVZKLFK
UHTXLUHVSUHYHQWLRQLVDFXWHUHQDOIDLOXUH+RZHYHULWEHFRPHVSRVVLEOHWR
SUHGLFW WKH RQVHW RI WKH FRPSOLFDWLRQ E\ REVHUYLQJ XSWDNHV VKRZQ LQ WKH
NLGQH\WKURXJKWKHXWLOL]DWLRQRIVFLQWLJUDSK\
5HIHUHQFHV
$L]DZD16X]XNL<$NDVKL7HWDO&OLQLFDOPHDQLQJVRIVFLQWLJUDSK\
E\PHDQVRIP7FSKRVSKDW LQ UKDEGRP\RO\VLV -RXUQDO RI WKH -DSDQHVH
6RFLHW\RI1XFOHDU0HGLFLQH
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
32
'LIIHUHQFHVRI,4$PRQJ$'+'&KLOGUHQZLWK0RGDOLW\
6SHFLILF$WWHQWLRQ3UREOHP
-XQJZRR6RQ
'HSDUWPHQWRIQHXURSV\FKLDWU\&KXQJEXN1DWLRQDO8QLYHUVLW\
+RVSLWDO.RUHD
6DQJLFN/HH<RXQJUDN&KRL0LQVXS6KLQ6RRFKXUO&KR
2EMHFWLYHV7KHSXUSRVHRIWKLVVWXG\ZDVWRLQYHVWLJDWHGLIIHUHQFHVRI,4
DPRQJ$'+'FKLOGUHQWKDWVKRZDWWHQWLRQGLIIHUHQFHVDJDLQVWYLVXDOVWLPXOL
RUDXGLWRU\VWLPXOL
0HWKRGV8VLQJ&RQWLQXRXV3HUIRUPDQFH7HVWYLVXDODWWHQWLRQDQGDXGLWRU\
DWWHQWLRQRIFKLOGUHQGLDJQRVHGDV$'+'ZHUHPHDVXUHG$FFRUGLQJWR
WKH WHVW UHVXOWV  WKH\ZHUHGLYLGHG LQWRJURXSV  WKHJURXS WKDW VKRZHG
ERWK YLVXDO DQG DXGLWRU\ DWWHQWLRQ SUREOHP 9$ JURXS1  WKH JURXS
WKDWVKRZHGRQO\YLVXDODWWHQWLRQSUREOHP9JURXS1 WKHJURXSWKDW
VKRZHG RQO\ DXGLWRU\ DWWHQWLRQ SUREOHP$ JURXS 1  7KHQ VHYHUDO
UHVXOWVXVLQJ³.RUHDQ(GXFDWLRQDO'HYHORSPHQW,QVWLWXWH:HFKVOHU,QWHOOL
JHQFH6FDOHIRU&KLOGUHQ.(',:,6&´ZHUHFRPSDUHGDPRQJJURXSV
5HVXOWV7KHVFRUHVRIGLJLWVSDQS	VLPLODULWLHVSRIWKH9
JURXSZHUHVLJQL¿FDQWO\KLJKHUWKDQWKRVHRIWKH$JURXS$OVRWKHVFRUHRI
.DXIPDQµVIDFWRUSRIWKH9JURXSZDVVLJQL¿FDQWO\KLJKHUWKDQWKDW
RI9$DQG$JURXS7KHUHZHUHQRVLJQL¿FDQWGLIIHUHQFHVRIDOO,4VFRUHV
EHWZHHQ9$JURXSDQG$JURXS7KH,4VFRUHRI9JURXSWKHJURXSWKDW
VKRZHG DXGLWRU\ DWWHQWLRQ SUREOHP UHJDUGOHVV RI YLVXDO DWWHQWLRQ 9$$
JURXS DQG$'+'JURXS DFFRPSDQLHGE\ OHDUQLQJGLVRUGHU $'+'/'
JURXS1 ZHUHFRPSDUHG2QWKH,4VFRUHVRIODQJXDJHGRPDLQS
DQGDWWHQWLRQGRPDLQSJURXSVZHUHVLJQL¿FDQWO\GLIIHUHQW9JURXS
VKRZWKHKLJKHVW,4VFRUHDQG$'+'/'JURXSVKRZWKHORZHVWRQH
&RQFOXVLRQV7KHVHYHUDOSDUWVRI,4RIWKH$'+'FKLOGUHQVKRZLQJYLVXDO
DWWHQWLRQSUREOHPEXWQRWVKRZLQJDXGLWRU\DWWHQWLRQSUREOHPZHUHVXSHULRU
WRWKRVHRIWKHRWKHU$'+'JURXSV(VSHFLDOO\WKHODQJXDJHDQGDWWHQWLRQ
GRPDLQRI,4RIWKH$'+'FKLOGUHQVKRZLQJYLVXDODWWHQWLRQSUREOHPEXW
QRWVKRZLQJDXGLWRU\DWWHWLRQSUREOHPZHUHVXSHULRUWRWKRVHRIWKH$'+'
JURXSDFFRPSDQLHGE\OHDUQLQJGLVRUGHU
5HIHUHQFHV
&RROH\(/0RUULV5'$WWHQWLRQLQFKLOGUHQDQHXURSV\FKRORJLFDOEDVHG
PRGHOIRUDVVHVVPHQW'HY1HXURSV\FKRO
%HGL*&+DOSHULQ -0 6KDUPD9 ,QYHVWLJDWLRQ RIPRGDOLW\VSHFL¿F GLV
WUDFWLELOLW\LQFKLOGUHQ,QW-1HXURVFL
32
6HURWRQLQ7UDQVSRUWHU*HQHLQ,PSXOVLYH$JJUHVVLYH&KLOHDQ
3DWLHQWV
+HUQiQ6LOYD
&OtQLFD3VLTXLiWULFD8QLYHUVLWDULD3URJUDPDVGH*HQpWLFD
+XPDQD\GH%LRORJtD&HOXODU\0ROHFXODU,&%0)DFXOWDG
GH0HGLFLQD8QLYHUVLGDGGH&KLOH3UR\HFWR)21'(&<7
&KLOH
3DWULFLD,WXUUD$OGR6RODUL3DEOR*DVSDU6RQLD-HUH]
%DFNJURXQG 7KHUH LV VWURQJ HYLGHQFH VXSSRUWLQJ D UROH IRU VHURWRQLQ
V\VWHPG\VIXQFWLRQ LQ LPSXOVLYHEHKDYLRU7KH VHURWRQLQ WUDQVSRUWHU JHQH
+77LVRQHRIWKHLPSRUWDQWRQHVLQYROYHGLQWKHUHJXODWLRQRIVHURWRQLQ
WUDQVPLVVLRQ7KH VKRUW ³V´ DOOHOHRI+7735SRO\PRUSKLVPKDVEHHQ
DVVRFLDWHGZLWKVXLFLGHDQGDJJUHVVLYHEHKDYLRU
2EMHFWLYHV'HWHUPLQLQJWKHDVVRFLDWLRQEHWZHHQJHQHWLFSRO\PRUSKLVPRI
+77/35 ³O´ DQG ³V´ DOOHOHV DQG LPSXOVLYLW\ LQ LPSXOVLYH SHUVRQDOLW\
GLVRUGHUHG&KLOHDQSDWLHQWV
0HWKRGV  SDWLHQWV IXO¿OOLQJ '60,9 FULWHULD IRU SHUVRQDOLW\ GLVRUGHU
DQG LPSXOVLYHDJJUHVVLYH EHKDYLRUZHUH VWXGLHG 6XEMHFWVZHUH HYDOXDWHG
ZLWKWKH,QWHUQDWLRQDO3HUVRQDOLW\'LVRUGHUV([DPLQDWLRQ,3'(WKH2YHUW
$JJUHVVLRQ6FDOH0RGL¿HG2$60DQGWKH%DUUDWW,PSXOVLYHQHVV6FDOH
&RQWUROJURXSQ ZDVUHFUXLWHGIURPDQRFOLQLFDO&KLOHDQSRSXODWLRQ
+77/35 SRO\PRUSKLVP ZDV JHQRW\SHG E\ 3&5 XVLQJ WKH ROLJRQXFOH
RWLGHVVWSUDQGVWSU
5HVXOWV$OOHOLFIUHTXHQFLHVZHUH³V´ DQG³O´ LQWKHSDWLHQWVZLWK
SHUVRQDOLW\ GLVRUGHU DQG LPSXOVLYHDJJUHVVLYH EHKDYLRU DQG ³V´  DQG
³O´ LQWKHFRQWUROJURXS
&RQFOXVLRQV3UHOLPLQDU\UHVXOWVVXJJHVWWKDWDOOHOLFIUHTXHQF\RIDOOHOHÄV³
LV KLJKHU LQ DJJUHVVLYHLPSXOVLYH SHUVRQDOLW\ GLVRUGHUHG VXEMHFWV WKDQ LQ
FRQWUROSRSXODWLRQ
5HIHUHQFHV
/HH-.LP++\XQ'3RVVLEOHDVVRFLDWLRQEHWZHHQVHURWRQLQWUDQVSRUWHU
SURPRWHUUHJLRQSRO\PRUSKLVPDQGLPSXOVLYLW\LQ.RUHDQV3V\FKLDWU\5HV

&DPSL$]HYHGR$&%RVRQ:'H0DUFR/5RPDQR6LOYD0$&RUUHD
+$VVRFLDWLRQ RI WKH VHURWRQLQ WUDQVSRUWHU SURPRWHU SRO\PRUSKLVP ZLWK
VXLFLGDOEHKDYLRU0RO3V\FKLDWU\
9DQ*HVWHO69DQ%URHFNKRYHQ&*HQHWLFVRISHUVRQDOLW\DUHZHPDN
LQJSURJUHVV"0RO3V\FKLDWU\
/LQ37VDL*$VVRFLDWLRQEHWZHHQVHURWRQLQWUDQVSRUWHUJHQHSURPRWHU
SRO\PRUSKLVP DQG VXLFLGH 5HVXOWV RI D PHWDDQDO\VLV %LRO 3V\FKLDWU\

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&2079DO0HWSRO\PRUSKLVPDQGH[HFXWLYHIXQFWLRQLQ
$'+'
5LGKD-RREHU
'RXJODV+RVSLWDOUHVHDUFK&HQWUH0F*LOO8QLYHUVLW\0RQWUHDO
&DQDGD
(YDQ7HDUN1DWDOLH*UL]HQNR/HLOD%HQ$PRU9DOHQWLQ0EHNRX
0DULQD57HU6WHSDQLDQ
2EMHFWLYHV $Q DVVRFLDWLRQ KDV EHHQ REVHUYHG EHWZHHQ WKH FDWHFKRO2
PHWK\OWUDQVIHUDVH&207JHQHWKHSUHGRPLQDQWPHDQVRIFDWHFKRODPLQH
FDWDEROLVP ZLWKLQ WKH SUHIURQWDO FRUWH[ 3)& DQG QHXURSV\FKRORJLFDO
WDVNSHUIRUPDQFHLQKHDOWK\DQGVFKL]RSKUHQLFDGXOWV6LQFHVHYHUDORIWKH
FRJQLWLYH IXQFWLRQV W\SLFDOO\ GH¿FLHQW LQ FKLOGUHQ ZLWK $WWHQWLRQ 'H¿FLW
+\SHUDFWLYLW\ 'LVRUGHU $'+' DUH PHGLDWHG E\ SUHIURQWDO GRSDPLQH
'$PHFKDQLVPV ZH LQYHVWLJDWHG WKH UHODWLRQVKLS EHWZHHQ D IXQFWLRQDO
SRO\PRUSKLVPRIWKH&207JHQHDQGQHXURSV\FKRORJLFDOWDVNSHUIRUPDQFH
LQWKHVHFKLOGUHQ
0HWKRGV7KH9DO0HWSRO\PRUSKLVPRIWKH&207JHQHZDVJHQR
W\SHGLQFKLOGUHQZLWK$'+''60,97KH:LVFRQVLQ&DUG6RUWLQJ
7HVW :&67 7RZHU RI /RQGRQ 72/ DQG 6HOI2UGHUHG 3RLQWLQJ 7DVN
6237ZHUHHPSOR\HGWRHYDOXDWHH[HFXWLYHIXQFWLRQV1HXURSV\FKRORJL
FDOWDVNSHUIRUPDQFHZDVFRPSDUHGDFURVVJHQRW\SHJURXSVXVLQJDQDO\VLV
RIYDULDQFH
5HVXOWV$'+'FKLOGUHQZLWKWKH9DO9DO9DO0HWDQG0HW0HWJHQRW\SHV
ZHUH VLPLODU ZLWK UHJDUG WR GHPRJUDSKLF DQG FOLQLFDO FKDUDFWHULVWLFV 1R
JHQRW\SHHIIHFWVZHUHREVHUYHGIRU:&67SHUVHYHUDWLYHHUURUVFRUHV>) 
S!@72/VWDQGDUGL]HGVFRUHV>) S!@DQG6237
HUURUVFRUHV>) S!@
&RQFOXVLRQV &RQWUDU\ WR WKH REVHUYHG DVVRFLDWLRQ EHWZHHQ:&67 SHU
IRUPDQFHDQGWKH9DO0HWSRO\PRUSKLVPRIWKH&207JHQHLQERWK
KHDOWK\ DQG VFKL]RSKUHQLF DGXOWV WKLV SRO\PRUSKLVP GRHV QRW DSSHDU WR
PRGXODWHH[HFXWLYHIXQFWLRQVLQFKLOGUHQZLWK$'+'
5HIHUHQFHV
(JDQ0)(IIHFWRI&2079DO0HWJHQRW\SHRQIURQWDOOREH
IXQFWLRQDQG ULVN IRU VFKL]RSKUHQLD3URF1DWO$FDG6FL86$

32
3RVWHU6HVVLRQ1R
32
,QIOXHQFHRI'LYLGHG$WWHQWLRQRQ0HPRU\IRU7UDXPDWLF
6WLPXOLLQ&KURQLF376'
&KULVWLQH$PUKHLQ
6HFWLRQRI&OLQLFDO3V\FKRORJ\DQG3V\FKRSK\VLRORJ\8QLYHUVLW\
+RVSLWDORI3V\FKLDWU\/XGZLJ0D[LPLOLDQV8QLYHUVLW\RI0XQLFK
0XQLFK*HUPDQ\
.ULVWLQD)DVW'RURWKHD+XEHU7KRPDV0HLQGO
0D[LPLOLDQ5HLVHU0LFKDHOYRQ5DG5ROI(QJHO
+DQV-UJHQ0|OOHU
2EMHFWLYHV&KDUDFWHULVWLFVRISDWLHQWVZLWK376'LQFOXGHLPSDLUHPHQWVRI
PHPRU\HJ%XFNOH\%ODQFKDUG	1HLOODVZHOODVV\PSWRPVRI
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
GLVVRFLDWLRQ2QH WKHRU\KROGV WKDW GLVVRFLDWLYH VWDWHVPD\KHOS WKHVHSD
WLHQWVWRNHHSWUDXPDWLFVWLPXOLDZD\IURPFRQVFLRXVQHVVHVSHFLDOO\ZKHQ
WKH\DFWLYHO\GUDZDWWHQWLRQ WR WKHP'H3ULQFH	)UH\G=RHOOQHU
6DFNV	)RD7KHJRDORIWKHSUHVHQWVWXG\ZDVWRH[DPLQHWKHLQÀX
HQFHRIGLIIHUHQWDWWHQWLRQDOFRQGLWLRQVRQPHPRU\SURFHVVHVIRUWUDXPDWLF
VWLPXOLLQSDWLHQWVZLWKFKURQLF3RVWWUDXPDWLF6WUHVV'LVRUGHU376'
0HWKRGV(QFRGLQJDQGUHFRJQLWLRQRIWUDXPDWLFVWLPXOLZHUHH[DPLQHGLQ
SDWLHQVZLWKFKURQLF376'DQGKHDOWK\FRQWUROVXVLQJDVRFDOOHG³GLUHFWHG
IRUJHWWLQJ´WDVN7UDXPDUHODWHGDQGQHXWUDOZRUGVWLPXOLZHUHSUHVHQWHGWR
WKHSDUWLFLSDQWVZLWKKDOIRIWKHZRUGVRIHDFKFDWHJRU\EHLQJIROORZHGE\
WKHLQVWUXFWLRQWR³UHPHPEHU´WKHRWKHUKDOIE\WKHLQVWUXFWLRQWR³IRUJHW´
WKHSUHVHQWHGZRUG7KLVWDVNKDGWREHIXO¿OOHGXQGHUWZRDWWHQWLRQDOFRQGL
WLRQV IXOO DWWHQWLRQ ZRUGV MXVW SUHVHQWHG DQG GLYLGHG DWWHQWLRQ GHPDQG
WR UHDFW WR D UDQGRP FRORXU FKDQJH RI WKH ZRUGV E\ EXWWRQ SUHVV (DFK
EORFNRI HQFRGLQJZDV IROORZHGE\ D UHFRJQLWLRQ FRQGLWLRQ$GGLWLRQDOO\
QHXURSV\FKRORJLFDOVWDWXVZDVDVVHVVHGE\DWKRXURXJKQHXURSV\FKRORJLFDO
H[DPLQDWLRQLQFOXGLQJYDULRXVWHVWVRIDWWHQWLRQDQGPHPRU\
5HVXOWV3UHOLPLQDU\UHVXOWVLQGLFDWHWKDWKHDOWK\FRQWUROVVKRZDVWDQGDUG
GLUHFWHG IRUJHWWLQJ HIIHFW L H WKH\ UHPHPEHU PRUH ³UHPHPEHU´ WKDQ
³IRUJHW´ LWHPVZKLFK LV VWURQJHU XQGHU IXOO WKDQ XQGHU GLYLGHG DWWHQWLRQ
DQGGRHVQRWGLIIHUEHWZHHQWUDXPDUHODWHGDQGQHXWUDOZRUGV3DWLHQWVZLWK
376' GR QRW GLIIHU IURP FRQWUROV XQGHU IXOO DWWHQWLRQ ,Q FRQWUDVW XQGHU
GLYLGHGDWWHQWLRQWKH\VKRZDGLUHFWHGIRUJHWWLQJHIIHFWRQO\IRUQHXWUDOEXW
QRWIRUWUDXPDUHODWHGZRUGVLQGLFDWLQJWKDWWKH\DUHLPSDLUHGLQPHPRUL]
LQJWUDXPDUHODWHGZRUGVLQWKLVFRQGLWLRQ$GGLWLRQDOO\WKHUHZHUHFKDUDF
WHULVWLFQHXURSV\FKRORJLFDOGLIIHUHQFHVEHWZHHQWKHWZRJURXSV
&RQFOXVLRQV7KHSUHVHQWGDWDVXSSRUWWKHK\SRWKHVLVWKDWLQDQH[SHULPHQ
WDOFRQGLWLRQZKLFKLQGXFHVDGLVVRFLDWLYHVWDWHSDWLHQWVZLWKFKURQLF376'
KDYHGLI¿FXOWLHV WRPHPRULVH WUDXPDUHODWHGZRUGV7KLV LV LQDFFRUGDQFH
ZLWK WKHDVVXPSWLRQ WKDW DGLVVRFLDWLYH VWDWHKHOSV376'SDWLHQWV WRNHHS
WUDXPDWLFVWLPXOLDZD\IURPDZDUHQHVV$IXUWKHUJRDORIWKHFXUUHQWVWXG\
LVWRH[DPLQHEUDLQDFWLYLW\GXULQJWKHH[SHULPHQWDOWDVNXVLQJI05,WKXV
SURYLGLQJQHXURIXQFWLRQDOFRUUHODWHVRIWUDXPDWLFVWLPXOXVSURFHVVLQJXQGHU
GLIIHUHQWDWWHQWLRQDOFRQGLWLRQV
5HIHUHQFHV
%XFNOH\7&%ODQFKDUG(%	1HLOO:7,QIRUPDWLRQSURFHVVLQJDQG
376'$ UHYLHZ RI WKH HPSLULFDO OLWHUDWXUH &OLQLFDO 3V\FKRORJ\5HYLHZ

'H3ULQFH$3	)UH\G--0HPRU\DQGGLVVRFLDWLYHWHQGHQFLHV7KH
UROHVRIDWWHQWLRQDOFRQWH[WDQGZRUGPHDQLQJLQDGLUHFWHGIRUJHWWLQJWDVN
-RXUQDORI7UDXPDXQG'LVVRFLDWLRQ
=RHOOQHU /$ 6DFNV0%	 )RD (%  'LUHFWHG IRUJHWWLQJ IROORZLQJ
PRRGLQGXFWLRQLQFKURQLFSRVWWUDXPDWLFVWUHVVGLVRUGHUSDWLHQWV-RXUQDORI
$EQRUPDO3V\FKRORJ\
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+RPRF\VWHLQHLV$VVRFLDWHGZLWK3UHYLRXV$OFRKRO:LWKGUDZDO
6HL]XUHV
.ULVWLQD%D\HUOHLQ
8QLYHUVLW\RI(UODQJHQ1XUHPEHUJ*HUPDQ\
7KRPDV+LOOHPDFKHU%ULJLWWH0XJHOH-RKDQQHV.RUQKXEHU
6WHIDQ%OHLFK
2EMHFWLYHV7KHUHLVLQFUHDVLQJHYLGHQFHWKDWFKURQLFDOFRKROLVPLVDVVRFL
DWHGZLWKK\SHUKRPRF\VWHLQHPLD+RPRF\VWHLQHLVDQH[FLWDWRU\DPLQRDFLG
WKDWHQKDQFHVWKHYXOQHUDELOLW\RIQHXURQDOFHOOVWRH[FLWRWR[LFDQGR[LGDWLYH
LQMXU\7KHDLPRI WKLVVWXG\ZDV WRGHWHUPLQH WRWDOSODVPDKRPRF\VWHLQH
OHYHOVLQDFWLYHO\GULQNLQJDOFRKROLFVDQGSDWLHQWVZLWKHDUO\DEVWLQHQFHDQG
WRHYDOXDWHDQDVVRFLDWLRQZLWKDKLVWRU\RIDOFRKROZLWKGUDZDOVHL]XUHV
0HWKRGV2XU VWXG\ LQFOXGHG WZR JURXSV RI SDWLHQWVZLWK DQ HVWDEOLVKHG
GLDJQRVLV RI DOFRKRO GHSHQGHQFH *5283$ FRPSULVHG  FRQVHFXWLYHO\
DGPLWWHG DOFRKROLFVZKR KDG EHHQ DEVWDLQHG IURP DOFRKRO EHWZHHQ  WR
KRXUVEHIRUHKRVSLWDOLVDWLRQ*5283%FRQVLVWHGRIFRQVHFXWLYHO\
UHFUXLWHGDOFRKROLFVZKRZHUHDGPLWWHGDFXWHO\LQWR[LFDWHGIRUZLWKGUDZDO
WUHDWPHQW)XUWKHUPRUHJURXSVZHUHGLYLGHG LQWR WZRVXEJURXSVSDWLHQWV
ZLWKDQGZLWKRXWDKLVWRU\RIDOFRKROZLWKGUDZDOVHL]XUHV
5HVXOWV$OFRKROLFVRI*5283%ZLWKDKLVWRU\RIZLWKGUDZDOVHL]XUHVKDG
VLJQL¿FDQWO\SKLJKHUKRPRF\VWHLQHOHYHOVWKDQDFWLYHO\GULQNLQJ
SDWLHQWVZLWKRXW VHL]XUHV8VLQJD ORJLVWLF UHJUHVVLRQDQDO\VLVZLWKGUDZDO
VHL]XUHVLQ*5283%EXWQRWLQ*5283$SDWLHQWVZHUHEHVWSUHGLFWHGE\D
KLJKKRPRF\VWHLQHOHYHODWDGPLVVLRQ
&RQFOXVLRQV+RPRF\VWHLQHOHYHOVRQDGPLVVLRQPD\EHDXVHIXOVFUHHQLQJ
PHWKRGWRLGHQWLI\DFWLYHO\GULQNLQJSDWLHQWVZLWKWKHULVNRIDOFRKROZLWK
GUDZDOVHL]XUHVLQWKHLUPHGLFDOKLVWRU\
32
-RLQW$QDO\VLVRIWKH1$&35(30DUNHUZLWKLQWKH
$OSKD6\QXFOHLQ*HQH&RQFOXGHV$VVRFLDWLRQZLWK$OFRKRO
'HSHQGHQFH
'RPLQLNXV%|QVFK
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\RI
(UODQJHQ1XUHPEHUJ*HUPDQ\
7KRPDV/HGHUHU8GR5HXOEDFK-RKDQQHV.RUQKXEHU
6WHIDQ%OHLFK
2EMHFWLYHV9DULRXVVWXGLHVKDYHOLQNHGDOFRKROGHSHQGHQFHSKHQRW\SHVWR
FKURPRVRPH2QHFDQGLGDWHJHQH LV1$&3QRQDP\ORLGFRPSRQHQWRI
SODTXHVFRGLQJIRUDOSKDV\QXFOHLQ5HFHQWO\LWKDVEHHQVKRZQWKDWDOSKD
V\QXFOHLQ P51$ LV LQFUHDVHG LQ DOFRKROGHSHQGHQW SDWLHQWV ZLWKLQ ZLWK
GUDZDOVWDWH7KLVLQFUHDVHLVVLJQL¿FDQWO\DVVRFLDWHGWRFUDYLQJHVSHFLDOO\
REVHVVLYHFUDYLQJ
0HWKRGV,QWRWDOSDWLHQWVDQGFRQWUROVZHUHLQYHVWLJDWHG$OOPDOH
SDWLHQWVZHUHDFWLYHGULQNHUVRUKDGDEVWDLQHGIURPDOFRKROEHWZHHQ
KHDUO\DEVWLQHQFH(DFKRIWKHPKDGDQHVWDEOLVKHGGLDJQRVLVRIDOFRKRO
GHSHQGHQFHDFFRUGLQJWR'60,97KHUHJLRQVRIWKH1$&3JHQHFRQWDLQ
LQJWKHUHSHDWSRO\PRUSKLVPVZHUHDPSOL¿HGE\3&5ZLWKUHYHUVHSULPHU
EHLQJ ¶ÀXRUHVFHQWO\ ODEHOOHGZLWK7$05$ 3URGXFWVZHUH DQDO\]HG RQ
DQ$%,VHTXHQFHU $%,  WRJHWKHUZLWK D52;ODEHOOHG VL]H VWDQGDUG
$PHUVKDPDQGVFRUHGE\*HQH6FDQ9
5HVXOWV :H IRXQG KLJKO\ VLJQL¿FDQW ORQJHU DOOHOHV RI 1$&35(3 LQ
DOFRKRO GHSHQGHQW SDWLHQWV FRPSDUHG WRKHDOWK\ FRQWUROV .UXVNDO:DOOLV
WHVWȤ GI S:KLOHFRQWUROVVKRZDPD[LPXPDWDOOHOH
DERXWSDWLHQWVZLWKDOFRKROLVPVKRZDPD[LPXPDWDOOHOH
$GGLWLRQDOO\ WKHVH OHQJWKVVLJQL¿FDQWO\FRUUHODWHZLWK OHYHOVRIH[SUHVVHG
DOSKDV\QXFOHLQP51$Ȥ GI S 
&RQFOXVLRQV 7KH SUHVHQW VWXG\ SURYLGHV ¿UVW HYLGHQFH IRU D OLQNDJH RI
KLJKHUOHYHOVRIV\QXFOHLQDQGJHQHWLFGLVWULEXWLRQRIDOOHOHVZLWKLQ1$&3
5(3LQSDWLHQWVZLWKDOFRKROLVP7KLVKLQWV WRZDUGVDQRYHOSDWKRSK\VL
RORJLFPHFKDQLVPLQDOFRKROLVP/RQJHUDOOHOHVRI1$&35(3OHDG WRD
KLJKHUH[SUHVVLRQRIDOSKDV\QXFOHLQZKLFKLVDVVRFLDWHGWRDOFRKROFUDYLQJ
DQ LPSRUWDQW IDFWRU IRUGHYHORSPHQWPDLQWHQDQFHDQG UHODSVHRIDOFRKRO
LVP
5HIHUHQFHV
%|QVFK'5HXOEDFK8%D\HUOHLQ.+LOOHPDFKHU7.RUQKXEHU-%OHLFK6
(OHYDWHGDOSKDV\QXFOHLQP51$OHYHOVDUHDVVRFLDWHGZLWKFUDYLQJ
LQSDWLHQWVZLWKDOFRKROLVP%LRO3V\FK
+RO]PDQQ&.UXJHU56DHFNHU$06FKPLWW,6FKROV/%HUJHU.5LHVV2
3RO\PRUSKLVPVRIWKHDOSKDV\QXFOHLQSURPRWHUH[SUHVVLRQDQDO\VHV
DQGDVVRFLDWLRQVWXGLHVLQ3DUNLQVRQµVGLVHDVH-1HXUDO7UDQVP
&KLED)DOHN 2 1XVVEDXP 5/  (IIHFW RI DOOHOLF YDULDWLRQ DW WKH
1$&35HS UHSHDW XSVWUHDP RI WKH DOSKDV\QXFOHLQ JHQH 61&$ RQ
WUDQVFULSWLRQ LQ D FHOO FXOWXUH OXFLIHUDVH UHSRUWHU V\VWHP+XP0RO*HQHW
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)DV5HFHSWRU([SUHVVLRQLQ/\PSKRF\WHVRI$OFRKROLF3DWLHQWV
2OJD)HGRUHQNR
0HQWDO+HDOWK5HVHDUFK,QVWLWXWH7RPVN5XVVLD
1DWDOLMD5DNLWLQD(OHQD.DU]DQRYD6YHWODQD,YDQRYD
2EMHFWLYHV 3URJUDPPHG FHOO GHDWK DQG LWVPRUSKRORJLFPDQLIHVWDWLRQ RI
DSRSWRVLV LV HVVHQWLDO PHFKDQLVP LQ DGXOW RUJDQLVPV WR PDLQWDLQ QRUPDO
FHOOXODUKRPHRVWDVLVDQGUHMHFWGHIHFWLYHFHOOV(WKDQROLVDSRVVLEOHSDWKR
JHQLFIDFWRULQGXFLQJDSRSWRVLV7KLVVWXG\ZDVSHUIRUPHGWRLQYHVWLJDWHWKH
)DVUHFHSWRU H[SUHVVLRQ DV DSRSWRVLVPDUNHU LQ O\PSKRF\WHV RI DOFRKROLF
SDWLHQWV
0HWKRGVPHQ\HDUVROGZLWKDOFRKROLVPDYHUDJHFRQWLQXDQFHRI
GLVHDVHZDV\HDUVZHUHH[DPLQHGDORQJZLWKKHDOWK\DJHPDWFKHG
PHQ7KH H[DPLQDWLRQZDV FDUULHGRXW LQ G\QDPLFV DW UHFHLYHQJSDWLHQWV
ZLWKVHYHUHZLWKGUDZDOV\QGURPH6:6DQGDIWHUZHHN WUHDWPHQW7KH
FRQWHQWRIFHOOVZLWKDSRSWRVLVPDUNHUZDVVWXGLHGE\LQGLUHFWLPPXQRÀXR
UHVFHQWPHWKRGZLWKXVHRIPRQRFORQDODQWLERGLHVWR&'DQWLJHQDQGWKH
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
UHVXOWVZHUHH[SUHVVHGLQSHUFHQWDJHWHUPV
5HVXOWV6LJQL¿FDQWO\LQFUHDVHGDSRSWRVLVLQWKHO\PSKRF\WHVRIDOFRKROLF
SDWLHQWVZLWK6:6DVFRPSDUHGZLWKWKHFRQWUROVZDVUHYHDOHGWKHSHUFHQW
DJH RI O\PSKRF\WHV ZLWK )DVUHFHSWRU H[SUHVVLRQ ZDV  DQG
 UHVSHFWLYHO\ S $IWHU  ZHHN WUHDWPHQW WKH WHQGHQF\
WRZDUG QRUPDOL]DWLRQ RI WKH&' O\PSKRF\WHV SHUFHQWDJH LQ DOFRKROLF
SDWLHQWVZDVGHWHFWHGS
&RQFOXVLRQV+LJKOHYHORI&'O\PSKRF\WHVLQDOFRKROLFSDWLHQWVPD\
EHLQGXFHGE\LQWHQVL¿FDWLRQRIWKHSURFHVVHVRIOLSLGHVSHUR[LGHR[LGDWLRQ
DQG LQFUHDVH RI FRQWHQW RI LWV DFWLYH SURGXFWV LQ WKH EORRG GDPDJLQJ WKH
PHPEUDQHLQWHJULW\DQGGHYHORSLQJDSRSWRVLVIHDWXUHV
5HIHUHQFHV
,NHJDPL < *RRGHQRXJK 6 ,QRXH < 'RGG 35:LOFH 3$ 0DWVXPRWR ,
,QFUHDVHG781(/SRVLWLYHFHOOVLQKXPDQDOFRKROLFEUDLQV1HXURVFL
/HWW
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&UDYLQJLQ$OFRKRO:LWKGUDZDOLVQRW$VVRFLDWHGZLWK
+RPRF\VWHLQH
7KRPDV+LOOHPDFKHU
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\RI
(UODQJHQ1XUHPEHUJ*HUPDQ\
.ULVWLQD%D\HUOHLQ8GR5HXOEDFK-RKDQQHV.RUQKXEHU
6WHIDQ%OHLFK
2EMHFWLYHV*OXWDPDWHUJLF QHXURWUDQVPLVVLRQ SDUWLFXODUO\ WKH10'$UH
FHSWRULVNQRZQWRSOD\DFUXFLDOUROHLQDOFRKROZLWKGUDZDODQGKDVEHHQDV
VRFLDWHGZLWKFUDYLQJ$OVRDFDPSURVDWHXVHGLQUHODSVHSUHYHQWLRQPDLQO\
DFWVDVDQJOXWDPDWHDQWDJRQLVW([FLWDWRU\DPLQRDFLGVVXFKDVJOXWDPDWH
DVSDUWDWHRUKRPRF\VWHLQHDUHUHVSRQVLEOHIRUWKHRYHUVWLPXODWLRQRI10'$
UHFHSWRUVGXULQJDOFRKROZLWKGUDZDO$LPRIWKLVVWXG\ZDVWRLQYHVWLJDWHD
SRVVLEOHDVVRFLDWLRQEHWZHHQVHUXPKRPRF\VWHLQHOHYHOVDQGFUDYLQJGXULQJ
DOFRKROZLWKGUDZDO
0HWKRGV :H FRPSDUHG  FRQVHFXWLYHO\ DGPLWWHG DOFRKROGHSHQGHQW
LQGLYLGXDOVDEVWLQHQW IURPDOFRKROEHWZHHQ WRKEHIRUHKRVSLWDOL]D
WLRQ*URXS$DQGLQGLYLGXDOVZKRZHUHDGPLWWHGDFXWHO\LQWR[LFDWHG
*URXS%7KH2EVHVVLYH&RPSXOVLYH'ULQNLQJ6FDOH2&'6ZDVXVHGWR
DVVHVVFUDYLQJRQ WKHGD\RIDGPLVVLRQDQGDIWHUVHYHQGD\VRI WUHDWPHQW
)DVWLQJKRPRF\VWHLQHVHUXPOHYHOVZHUHPHDVXUHGXVLQJDQHQ]\PHOLQNHG
LPPXQRVRUEHQWDVVD\UHIHUHQFHYDOXHPRO/
5HVXOWV*URXS%VKRZHGVLJQL¿FDQWO\KLJKHUKRPRF\VWHLQH VHUXP OHYHOV
PHDQ 6'WKDQJURXS$PHDQ 6'S$QDO\V
LQJ GDWD XVLQJ 6SHDUPDQ FRUUHODWLRQ ZH IRXQG QR VLJQL¿FDQW DVVRFLDWLRQ
EHWZHHQ KRPRF\VWHLQH OHYHOV DQG WKH H[WHQW RI FUDYLQJ IRU ERWK JURXSV
RQGD\JURXS$U 3 JURXS%U 3 $OVR
LQ VXEJURXS DQDO\VLV GLIIHUHQWLDWLQJ IRU VH[ GDLO\ DOFRKRO LQWDNH \HDUV
RI GULQNLQJ HWF ZH IRXQG QR VLJQL¿FDQW UHVXOWV7KHVH QHJDWLYH ¿QGLQJV
ZHUH FRQ¿UPHGE\ ORJLVWLF UHJUHVVLRQ DQDO\VLV GD\ JURXS$% 
S JURXS%% S 5HVXOWVIRUGD\QHLWKHUUHYHDOHGD
VLJQL¿FDQWDVVRFLDWLRQ
&RQFOXVLRQV *URXS % VKRZHG VLJQL¿FDQWO\ KLJKHU KRPRF\VWHLQH VHUXP
OHYHOVPHDQ 6'WKDQJURXS$PHDQ 6'S
$QDO\VLQJGDWDXVLQJ6SHDUPDQFRUUHODWLRQZHIRXQGQRVLJQL¿FDQWDVVRFLD
WLRQEHWZHHQKRPRF\VWHLQHOHYHOVDQGWKHH[WHQWRIFUDYLQJIRUERWKJURXSV
RQGD\JURXS$U 3 JURXS%U 3 $OVR
LQ VXEJURXS DQDO\VLV GLIIHUHQWLDWLQJ IRU VH[ GDLO\ DOFRKRO LQWDNH \HDUV
RI GULQNLQJ HWF ZH IRXQG QR VLJQL¿FDQW UHVXOWV7KHVH QHJDWLYH ¿QGLQJV
ZHUH FRQ¿UPHGE\ ORJLVWLF UHJUHVVLRQ DQDO\VLV GD\ JURXS$% 
S JURXS%% S 5HVXOWVIRUGD\QHLWKHUUHYHDOHGD
VLJQL¿FDQWDVVRFLDWLRQ
32
,QWHUDFWLRQ$QDO\VLVRI0RQRDPLQH2[LGDVHD*HQHDQG
'RSDPLQH'5HFHSWRU*HQHLQ7DLZDQ0DOHDOFRKROLVP
6DQ<XDQ+XDQJ
'HSDUWPHQWRI3V\FKLDWU\7UL6HUYLFH*HQHUDO+RVSLWDO7DLZDQ
'LYLVLRQRI3V\FKLDWU\1DWLRQDO'HIHQVH0HGLFDO&HQWHUO7DLZDQ
:HL:HQ/LQ,6KLQ6KLDK$L-X&KDQJ5X%DQG/X
2EMHFWLYHV /RZ SODWHOHW PRQRDPLQH R[LGDVH 0$2 DFWLYLW\ LV DVVRFL
DWHG ZLWK EHKDYLRU GULQNLQJ DQG WKH QHXURWUDQVPLWWHU GRSDPLQH LV DOVR
DQ LPSRUWDQW UROH LQ WKH GHYHORSPHQW RI DOFRKRO DEXVH GHSHQGHQFH7KH
SRO\PRUSKLVPRIPRQRDPLQHR[LGDVHW\SH$0$2$JHQHDQG'RSDPLQH
' UHFHSWRU '5' JHQH DVVRFLDWHGZLWK DOFRKROLVP KDYH EHHQ GHPRQ
VWUDWHGLQFHUWDLQVWXGLHVUHVSHFWLYHO\EXWQRFRQVLVWHQWUHVXOWRUGH¿QLWLYH
FRQFOXVLRQVKDYHEHHQUHDFKHG%HFDXVH0$2$9175DOOHOLFYDULDQWVKDYH
GLIIHUHQW0$2HQ]\PHDFWLYLW\ WKHSRO\PRUSKLVPRI0$2$JHQHPLJKW
EH LQYROYHG LQ WKH GHJUDGDWLRQ RI FDWHFKRODPLQH QHXURWUDQVPLWWHU VXFK
DV VHURWRQLQ DQGGRSDPLQH:HK\SRWKHVL]HG WKDW WKH0$2$JHQHPLJKW
LQWHUDFWZLWK WKH'5'JHQHDQG WKDW WKHDVVRFLDWLRQEHWZHHQ WKH'5'
JHQHDQGDOFRKROLVPPLJKWEHDIIHFWHGE\GLIIHUHQWJHQRW\SHRIWKH0$2$
JHQH7KHSUHVHQWVWXG\H[DPLQHGWKHUHODWLRQVKLSEHWZHHQWKH'5'JHQH
DQG0$2$JHQHLQDVSHFL¿FVXEW\SHRIDOFRKROLVP
0HWKRGV$ WRWDO RI  PDOH 7DLZDQ +DQ VXEMHFWV ZKR ZHUH UHFUXLWHG
IRUWKHVWXG\VXSHUQRUPDOFRQWUROVDQGWRWDODOFRKROLFV7KHWRWDO
DOFRKROLFVLQFOXGLQJZHUHFODVVL¿HGZLWKSXUHDOFRKROGHSHQGHQFH3XUH
$/&ZLWKERWKDOFRKROGHSHQGHQFHDQGDQ[LHW\GHSUHVVLRQ$1;'(3
$/&$OOVXEMHFWVZHUHLQWHUYLHZHGZLWKWKH&KLQHVHYHUVLRQRIPRGL¿HG
WKH6FKHGXOHRI$IIHFWLYH'LVRUGHUDQG6FKL]RSKUHQLD/LIH7LPH6$'6/
DOODOFRKROGHSHQGHQFHGLDJQRVHVZHUHPDGHDFFRUGLQJWR'60,9FULWHULD
:HDQDO\]HGWKHSURPRWHUY175DQG(FR59SRO\PRUSKLVPRIWKH0$2$
JHQHDQGWKH7DT,$%RIWKH'5'JHQHIRUDOOVXEMHFWV
5HVXOWV1RVLJQL¿FDQWDVVRFLDWLRQRI'5'JHQHDQGSXUH$/&ZDVIRXQG
EXWZHIRXQGWKHPDOH$1;'(3$/&WREHDVVRFLDWHGZLWKWKH'5'JHQH
+RZHYHUWKHDVVRFLDWLRQEHWZHHQWKH'5'JHQHDQGDOFRKROLVPZDVDI
IHFWHGE\GLIIHUHQWSRO\PRUSKLVPRIWKH0$2$JHQH
&RQFOXVLRQV7KH'5'JHQHPLJKWRQO\DVVRFLDWHGZLWKDVSHFL¿FVXEW\SH
RIDOFRKROGHSHQGHQFH0$2$SRO\PRUSKLVPLVSRVVLEOH LQWHUDFWLRQZLWK
WKH'5'JHQH LQ WKHGHYHORSPHQWRIPDOH$1;'(3$/&EHFDXVH WKH
'5'JHQHDVVRFLDWHGZLWK$1;'(3$/&LVRQO\XQGHUWKHVWUDWL¿FDWLRQ
RIWKHVKRUWDOOHOHRIWKH0$2$JHQH
5HIHUHQFHV
'HYRU (- $EHOO &: +RIIPDQ 3/ 7DEDNRII % &ORQLQJHU &5 
3ODWHOHW0$2DFWLYLW\LQW\SH,DQGW\SH,,DOFRKROLVP$QQ1<$FDG6FL

1REOH(3'GRSDPLQHUHFHSWRUJHQHLQSV\FKLDWULFDQGQHXURORJLF
GLVRUGHUV DQG LWV SKHQRW\SHV$P - 0HG *HQHW % 1HXURSV\FKLDWU *HQHW

6DERO 6= +X 6 +DPHU ' $ IXQFWLRQDO SRO\PRUSKLVP LQ WKH
PRQRDPLQHR[LGDVH$JHQHSURPRWHU+XP*HQHW
6KLK-&7KRPSVRQ5)0RQRDPLQHR[LGDVHLQQHXURSV\FKLDWU\DQG
EHKDYLRU$P-+XP*HQHW
YRQ.QRUULQJ$/%RKPDQ0YRQ.QRUULQJ/2UHODQG/3ODWHOHW
0$2DFWLYLW\DVDELRORJLFDOPDUNHULQVXEJURXSVRIDOFRKROLVP$FWD3V\
FKLDWU6FDQG
32
/HSWLQDVD%LRORJLFDO0DUNHURI$OFRKRO'HSHQGHQFH
&KXQJ7DL/HH
8LMRQJEX6W0DU\¶V+RVSLWDO7KH&DWKROLF8QLYHUVLW\RI.RUHD
0HGLFDO&ROOHJH.RUHD
6XQJ3LO/HH+DH.RRN/HH.\XQJ:RRN/HH<RQJ6LO.ZRQ
2EMHFWLYHV7R WHVW WKHK\SRWKHVLV VXJJHVWLQJSRWHQWLDO UROHRI OHSWLQDVD
WUDLWRUVWDWHPDUNHURIDOFRKROLVPZHLQYHVWLJDWHGFXUUHQWDOFRKROLFVGXULQJ
DQLQSDWLHQWGHWR[L¿FDWLRQDQGDEVWLQHQWRQHV
0HWKRGV)LIW\HLJKWVSDWLHQWVZLWKDOFRKROGHSHQGHQFHE\'60,9FULWHULD
DQGKHDOWK\ LQGLYLGXDOVZKRGLGQRWKDYHKLVWRU\RISV\FKLDWULF LOOQHVV
ZHUH SDUWLFLSDWHG LQ WKLV VWXG\$OFRKRO GHSHQGHQW SDWLHQWV VXEGLYLGHG WR
WKUHHJURXSVFXUUHQWDOFRKROXVHUSRVWGD\VGHWR[L¿HGVWDWHVWDEOHDE
VWDLQHU%ORRGVDPSOHIRUSODVPDOHSWLQDQGFRUWLVROZDVGUDZQDWDP
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
)RUPHDVXULQJOHSWLQDKXPDQOHSWLQ5,$NLW/LQFR6W&KDUOHV0286$
ZDVXVHG%RG\PDVVLQGH[ZDVFDOFXODWHGRQWRWDOVXEMHFWVWRFRQWUROIRU
LQWHUDFWLRQVRI%0,ZLWKOHSWLQOHYHO
5HVXOWV  /HSWLQ OHYHO LQ FXUUHQWO\ GULQNLQJ DOFRKROLFV ZDV
VLJQL¿FDQWO\ KLJKHU WKDQ LQ QRUPDO FRQWUROV   ,Q DOFRKROLF
VXEMHFWVSODVPDOHSWLQOHYHOVGHFUHDVHGVLJQL¿FDQWO\LQGD\
LQFRPSDULVRQZLWKWKHOHYHOVLQGD\/HSWLQOHYHOLQVWD
EOH DEVWDLQHU ZDV ORZHU WKDQ LQ FXUUHQWO\ GULQNLQJ DOFRKROLFV
EXWQRWGLIIHUHQWIURPQRUPDOFRQWUROV
&RQFOXVLRQV$OWKRXJKWKHGHWDLOHGQXWULWLRQDOIDFWRUVNQRZQWREHDVVRFL
DWHGZLWK OHSWLQZHUH QRW FRQVLGHUHG LQ WKLV VWXG\ RXU SUHOLPLQDU\ UHVXOW
VXJJHVWHG WKHSODXVLEOH UROHRISODVPD OHSWLQ DV D VWDWHPDUNHURI DOFRKRO
GHSHQGHQFH )XUWKHU VWXGLHV UHODWHG WR DVVRFLDWLRQ RI OHSWLQZLWK GULQNLQJ
UHODWHGYDULDEOHVXFKDVFRQVXPSWLRQDPRXQWRUFUDYLQJDUHQHHGHGWRFODULI\
WKHSDWKRJHQHVLVRIDOFRKROUHODWHGOHSWLQLQFUHDVH
5HIHUHQFHV
1LFRODV -0)HUQDQGH]6ROD -)DWMR)&DVDPLWLMDQD5%DWDOOHU5
6DFDQHOOD(7RELDV(%DGLD(DQG(VWUXFK5,QFUHDVHGFLUFXODW
LQJOHSWLQOHYHOVLQFKURQLFDOFRKROLP$OFRKROLVP&OLQLFDODQG([SHULPHQ
WDO5HVHDUFK
.LHIHU)-DKQ+-DVFKLQVNL0+RO]EDFK5:ROI.1DEHU'DQG
:LHGHPDQQ./HSWLQ$PRGXODWRURIDOFRKROFUDYLQJ"%LRORJLFDO
3V\FKLDWU\
32
3RVVLEOH,QWHUDFWLRQRI0$2$DQG$/'+*HQHV0LJKWEH
$VVRFLDWHGZLWK$QWLVRFLDO$OFRKROLVP$PRQJ+DQ7DLZDQHVH
0DOHV
5X%DQG/X
,QVWLWXWHRI%HKDYLRUDO0HGLFLQH'HSDUWPHQWRI3V\FKLDWU\
1DWLRQDO&KHQJ.XQJ8QLYHUVLW\7DLZDQ
+XHL&KHQ.R6DQ<XDQ+XDQJ
2EMHFWLYHV %RWK 0$2 $ DQG $/'+ JHQHV KDYH EHHQ FRQVLGHUHG DV
FDQGLGDWHJHQHVIRUDQWLVRFLDODOFRKROLVP3DUVLDQHWDO3RQFHHWDO
/XHWDO7KHHYLGHQFHRI WKHLUDVVRFLDWLRQLVQRWXQLYHUVDOO\
VXSSRUWHG/HHHWDO/XHWDO6WXGLHVKDYHSXUSRUWHGWRVKRZ
WKDWDJJUHVVLYHDQGDQWLVRFLDOEHKDYLRUVDUHUHODWHG WR0$2$JHQH6KLK
DQG7KRPSVRQ 0RUHRYHU GRSDPLQHZKLFK LV DOVR DVVRFLDWHGZLWK
DJJUHVVLYH DQG DQWLVRFLDO EHKDYLRUV &ORQLQJHU  LVPHWDEROL]HGERWK
E\0$2$DQGE\$/'+)HOGPDQHWDO7KHUHIRUH0$2$DQG
$/'+ JHQHV PLJKW LQWHUDFW WR LQÀXHQFH DQWLVRFLDO SHUVRQDOLW\ GLVRUGHU
DQGRUDOFRKROLVP
+RZHYHU SUHYLRXV VWXGLHV IDLOHG WR LQFOXGH VXEMHFWV ZLWK DQWLVRFLDO SHU
VRQDOLW\GLVRUGHUZLWKRXWDOFRKROLVPVLQFHWKHVHWZRPHQWDOLOOQHVVHVRIWHQ
FRRFFXU9HQGHQ%UHHHWDO,Q7DLZDQDERXWRI+DQ&KLQHVH
SRSXODWLRQKDYHWKH$'+DOOHOHDQGRIWKHPVKRZ$/'+DOOHOH
ZKLFKSURYLGHVSURWHFWLRQDJDLQVWWKHULVNRIGHYHORSLQJDOFRKROLVP&KHQ
HW DO ,W¶VSRVVLEOH WR UHFUXLW LQGLYLGXDOVZLWKDQWLVRFLDOSHUVRQDOLW\
GLVRUGHUZKRGRQRWKDYHDOFRKROLVP
0HWKRGV:HFROOHFWHGPDOHVXEMHFWVLQFOXGLQJDQWLVRFLDODOFRKRO
LFVDQWLVRFLDOQRQDOFRKROLFVDQGVXSHUQRUPDOFRQWUROVDQGPHDV
XUHG$/'+SRO\PRUSKLVPVDQGYDULDQWQXPEHUVRIWDQGHPUHSHDWORFDWHG
DW0$2$JHQHSURPRWHUUHJLRQ
5HVXOWV7KHUHLVQRGLIIHUHQFHLQDJHDPRQJWKHVHJURXSV0RUHRYHUZH
IRXQG WKDW$/'+SRO\PRUSKLVPVEXW QRW0$2$JHQHZHUH DVVRFLDWHG
ZLWKDQWLVRFLDODOFRKROLFV$IWHUFRQWUROOLQJ0$2$UHSHDWVDQDVVRFLD
WLRQH[LVWVEHWZHHQ$/'+ORFXVDQGDQWLVRFLDOSHUVRQDOLW\GLVRUGHUZLWK
DOFRKROLVPERWKIRUJHQRW\SHVDQGIRUDOOHOHV
&RQFOXVLRQV:HFRQFOXGHGWKDWWKHLQWHUDFWLRQEHWZHHQ0$2$SRO\PRU
SKLVPDQG$/'+JHQHPLJKWEHUHODWHGWRDQWLVRFLDODOFRKROLVP
5HIHUHQFHV
&ORQLQJHU &5  1HXURJHQHWLF DGDSWLYH PHFKDQLVPV LQ DOFRKROLVP
6FLHQFH
/X5%/LQ::/HH-).R+&6KLK-&1HLWKHUDQWLVRFLDOSHUVRQDO
LW\GLVRUGHUQRUDQWLVRFLDODOFRKROLVPDVVRFLDWLRQZLWK0$2$JHQHDPRQJ
+DQ&KLQHVHPDOHVLQ7DLZDQ$OFRKRO&OLQ([S5HV
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*HQRW\SH$QDO\VLVRI3ODVPD'RSDPLQHȕ+\GUR[\ODVHLQ
376'
0DMD0XVWDSLF
5XGMHU%RVNRYLF,QVWLWXWH&URDWLD
'0XHFN6HOHU13LYDF'.R]DULF.RYDFLF
2EMHFWLYHV 'RSDPLQHEHWDK\GUR[\ODVH '%+ FDWDO\]HV WKH FRQYHUVLRQ
RIGRSDPLQHWRQRUHSLQHSKULQH$OWHUHG'%+DFWLYLW\KDVEHHQUHSRUWHGLQ
PRRG GLVRUGHUV'%+ DFWLYLW\ FDQ EHPHDVXUHG LQ KXPDQ SODVPDZKHUH
LWH[KLELWVJHQHWLFDOO\GHWHUPLQHGLQWHULQGLYLGXDOYDULDELOLW\WKDWLVVWDELOH
ZLWKLQLQGLYLGXDOVRYHUWLPH$UHFHQWVWXG\GHPRQVWUDWHGDVWURQJDVVRFLD
WLRQEHWZHHQYDULDQFHLQSODVPD'%+DFWLYLW\DQGIXQFWLRQDOSRO\PRUSKLVP
'%+&ĺ7 DW WKH ¶ÀDQNLQJ UHJLRQ RI WKH VWUXFWXUDO ORFXV '%+
HQFRGLQJ'%+SURWHLQ7KHDLPRIWKHSUHVHQWVWXG\ZDVWRLQYHVWLJDWHWKH
'%+DFWLYLW\DQGDOOHOLFYDULDWLRQDW'%+'%+&ĺ7SRO\PRUSKLVP
LQZDUYHWHUDQVZLWKSRVWWUDXPDWLFVWUHVVGLVRUGHU376'WRZDUYHWHUDQV
ZLWKRXW376'DQGKHDOWK\FRQWUROV
0HWKRGV6WXG\ LQFOXGHGPDOHZDUYHWHUDQVZLWK376'PDOHZDU
YHWHUDQV ZLWKRXW 376' DQG  PDOH KHDOWK\ FRQWUROV$OO VXEMHFWV ZHUH
GUXJIUHH7KHGLDJQRVLVRI376'ZDVPDGHDFFRUGLQJWR'60,9FULWHULD
3ODVPD'%+DFWLYLW\ZDVGHWHUPLQHGE\DSKRWRPHWULFPHWKRG*HQRW\SLQJ
ZDVSHUIRUPHGXVLQJVWDQGDUG5)/3WHFKQLTXH
5HVXOWV7KHDFWLYLW\RISODVPD'%+ZDVVLJQL¿FDQWO\KLJKHU LQZDUYHW
HUDQVZLWK376'DVFRPSDUHGWRHQ]\PHDFWLYLW\ LQZDUYHWHUDQVZLWKRXW
376'7KH7DOOHOHRIWKH'%+&ĺ7SRO\PRUSKLVPZDVVLJQL¿FDQWO\
DVVRFLDWHGZLWK ORZHU'%+DFWLYLW\ LQDOO VXEMHFWV7KH VLJQL¿FDQWGLIIHU
HQFHLQ'%+DFWLYLW\EHWZHHQZDUYHWHUDQVZLWKDQGZLWKRXW376'GLGQRW
FRUHODWHZLWKWKHSUHVHQFHRI±&ĺ7SROLPRUSKLVP$OOHOLFIUHTXHQFLHV
LQDOOJURXSVGLGQRWGHYLDWHVLJQL¿FDQWO\IURPWKH+DUG\:HLQEHUJHTXLOLE
ULXPS!LQDOOFDVHV
&RQFOXVLRQV2XUSUHOLPLQDU\GDWDVKRZWKDWSDWLHQWVZLWK376'KDYHDO
WHUHGSODVPD'%+DFWLYLW\ZLWKRXWDFRUUHODWLRQZLWK±&ĺ7SRO\PRU
SKLVP7KLV¿QGLQJFRXOGEHH[SODLQHGZLWKWKHFKURQLFFKDQJHLQK\SRWKD
ODPLF±SLWXLWDU\DGUHQDOD[LVDFWLYLW\ZKLFKFDQPHGLDWHGLDJQRVLVUHODWHG
EXW±&ĺ7LQGHSHQGHQWGLIIHUHQFHVLQSODVPD'%+DFWLYLW\7KDWFDQ
DOVR EH LQÀXHQFHG E\ JOXFRFRUWLFRLGV DFWLQJ RQ JOXFRFRUWLFRLG UHVSRQVH
HOHPHQW*5(LQ'%+SURPRWRUZKLFKFDQLQÀXHQFH'%+WUDQVFULSWLRQ
6LQFH'%+LVDELRFKHPLFDODQGJHQHWLFPDUNHUWKLVPD\UHÀHFWLQGLYLGXDO
YXOQHUDELOLW\WRGHYHORS376'LQWKHFRQWH[WRIWUDXPD
5HIHUHQFHV
&XEHOOV-).RED\DVKL.1DJDWVX7.LGG...LGG-5&DODIHOO).UDQ
]OHU+5,FKLQRVH+*HOHUQWHU-3RSXODWLRQJHQHWLFVRIDIXQFWLRQDO
YDULDQWRIWKHGRSDPLQHȕK\GUR[\ODVHJHQH'%+$P-0HG*HQHW
±
&XEHOOV -) =DEHWLDQ &3  +XPDQ JHQHWLFV RI SODVPD GRSDPLQH ȕ
K\GUR[\ODVHDFWLYLW\DSSOLFDWLRQV WR UHVHDUFK LQSV\FKLDWU\DQGQHXURORJ\
3V\FKRSKDUPDFRORJ\
+DPQHU0%*ROG3%3ODVPDGRSDPLQHEHWD±K\GUR[\ODVHDFWLYLW\
LQSV\FKRWLFDQGQRQSV\FKRWLFSRVWWUDXPDWLFVWUHVVGLVRUGHU3V\FKLDWUHV

1DJDWVX78GHQIULHQG63KRWRPHWULFDVVD\RIGRSDPLQHȕK\GUR[\
ODVHDFWLYLW\LQUDWVHUXP&OLQ&KHP±
=DEHWLDQ&3$QGHUVRQ*0%X[EDXP6*(OVWRQ5&,FKLQRVH+1DJDWVX
7.LP.6.LP&+0DOLVRQ57*HOHUQWHU-&XEHOOV -) $TXDQ
WLWDWLYHWUDLW DQDO\VLV RI KXPDQSODVPDGRSDPLQH ȕK\GUR[\ODVH DFWLYLW\
HYLGHQFHIRUDPDMRUIXQFWLRQDOSRO\PRUSKLVPDWWKH'%+ORFXV$P-+XP
*HQHW±
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1HXURHQGRFULQH0DUNHUV3UHGLFWLQJ3V\FKRSDWKRORJ\DIWHU
6XUJHU\
0DULD0X]LN
8QLYHUVLW\RI0LFKLJDQ'HSDUWPHQWRI3V\FKLDWU\$QQ$UERU
0LFKLJDQ86$
%DUGLD*KRODPL$QWKRQ\.LQJ-DPHV$EHOVRQ,VUDHO/LEHU]RQ
2EMHFWLYHV:H DUH H[DPLQLQJ PXOWLSOH LQGLFHV RI +3$ D[LV IXQFWLRQ LQ
VHDUFKIRUULVNIDFWRUVIRUGHYHORSPHQWRISV\FKLDWULFPRUELGLW\IROORZLQJ
PDMRUDEGRPLQDOVXUJHU\
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
0HWKRGV$EGRPLQDO DRUWLF DQHXULVP VXEMHFWV ZKR HLWKHU XQGHUZHQW DE
GRPLQDO DRUWLF UHSDLU Q  RU ZHUH WUHDWHG FRQVHUYDWLYHO\ Q  ZHUH
VWXGLHG'DWDZDV FROOHFWHG SUH LQWUD DQG SRVWRSHUDWLYHO\ DW   DQG
 PRQWKV 6&,'&,', SV\FKLDWULF GLDJQRVHV VHOIUHSRUW PHDVXUHV IRU
GHSUHVVLRQ DQG DQ[LHW\ LQFOXGLQJ &$36 %', ,(6 DQG 67$, DQG ELR
ORJLFDOPDUNHUV VXFK DV GH[DPHWKDVRQH VXSSUHVVLRQ WHVW >'67@ KRXUV
XULQDU\FRUWLVRODQGJOXFRFRUWLFRLGUHFHSWRU>*5@ELQGLQJ3ODVPDFRUWLVRO
WKURXJKRXWVXUJHU\DQGDQGKRXUVSRVWVXUJHU\ZDVPHDVXUHGDVZHOODV
SDLQUDWLQJVLQWKH6,&8$VVRFLDWLRQVEHWZHHQSUHVXUJHU\ELRORJLFDOPDUN
HUV SDLQ UDWLQJV DQG SRVWVXUJHU\ SV\FKRSDWKRORJ\ ZHUH DVVHVVHG XVLQJ
3HDUVRQ¶V6SHDUPDQ¶VFRUUHODWLRQ
5HVXOWV'67*5ELQGLQJDQGXULQDU\FRUWLVROHPHUJHGDVVWDEOHPDUNHUV
RI+3$DFWLYLW\IURPSUHWRSRVWVXUJHU\'67SUHWRPRQWKVU 
S  *5ELQGLQJ SUHWR  PRQWKV U  S  XULQH FRUWLVRO
SUHWRPRQWKVU S 3UHVXUJHU\'67ZDVIRXQGWRSUHGLFW
SRVWVXUJLFDOSV\FKRSDWKRORJ\ZLWKPRRGRUDQ[LHW\GLDJQRVLVDWPRQWK
U S ZLWK%',DQG ,(6VFRUHVDWPRQWK U S 
DQG U  S  UHVSHFWLYHO\ 3UHVXUJHU\ *5ELQGLQJ SUHGLFWHG
SV\FKLDWULFV\PSWRPVHYHULW\DWDQGPRQWKV ZLWKPRQWKV&$36
U S DQGPRQWKV&$36U S ,QWKLVSUHOLPL
QDU\DQDO\VLV+3$IXQFWLRQLQJGXULQJVXUJHU\GLGQRWHPHUJHDVDSUHGLFWRU
RISRVWVXUJHU\SV\FKRSDWKRORJ\
&RQFOXVLRQV6WDELOLW\RIELRORJLFDOPDUNHUVVXJJHVWVWKDWWKH\UHÀHFWLQGL
YLGXDO WUDLWGLIIHUHQFHV7KHVHSUHOLPLQDU\DQDO\VHVDOVR LPSO\WKDWSUHRS
HUDWLYHLQGLFHVRI+3$IXQFWLRQLQJPD\VHUYHDVSUHGLFWRUVRISRVWRSHUDWLYH
SV\FKRSDWKRORJ\UHÀHFWLQJELRORJLFDOYXOQHUDELOLW\WRVWUHVV
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$0RGHORI3RVWWUDXDPWLF6WUHVV'LVRUGHU)ROORZLQJ
,QHVFDSDEOH6WUHVVLQ)LVFKHUDQG:LVWDU5DWV
7DNHKLWR6DZDPXUD
-DSDQ
.XQLR6KLPL]X*R6X]XNL7RPRNL:DNL]RQR+LUR\XNL7RGD
.DQML1DNDL<RVKLWRPR7DNDKDVKL6RLFKLUR1RPXUD
2EMHFWLYHV:HVWXGLHGLQHVFDSDEOHHOHFWULFIRRWVKRFNLQUDWVXVLQJDVXE
VHTXHQWHVFDSHDYRLGDQFHWDVNLQDVKXWWOHER[DVDPRGHORISRVWWUDXPDWLF
VWUHVV GLVRUGHU 376' 6WUHVVRU HIIHFWV DQG GLIIHUHQFHV EHWZHHQ )LVFKHU
DQG:LVWDUUDWVZHUHH[DPLQHG
0HWKRGV :H ¿UVW DGPLQLVWHUHG LQHVFDSDEOH HOHFWULF IRRWVKRFN ,6 RU
VKDP,6WRUDWVLQDVKXWWOHER[ZLWKWZRFKDPEHUV[[FP0('$V
VRFLDWHV$OEDQV90VHSDUDWHGE\DJDWHWKDWFRXOGEHRSHQHGDQGFORVHG
'XULQJDPLQ,6RUVKDP,6VHVVLRQLQHVFDSDEOHIRRWVKRFNVODVWLQJ
IRUVHFDWP$RU VKDPVKRFNVRIP$ WKHJDWHZDVFORVHG1R
ZDUQLQJOLJKWVZHUHGLVSOD\HGEHIRUHVKRFNV:HODWHUFDUULHGRXWEHKDYLRUDO
DVVHVVPHQWVDVIROORZV$YRLGDQFHHVFDSHWDVNDIWHUGD\V7KHJDWHZDV
NHSWRSHQZKLOHHVFDSDEOH IRRWVKRFNVZHUHGHOLYHUHGIRUVHFDW
P$$ZDUQLQJOLJKWZDVSUHVHQWHGVHFSULRUWRHDFKVKRFN
/RFRPRWRUDFWLYLW\ HDFKRIGD\VDIWHU ,6VKDP,6 ,Q WKH2SHQ)LHOG
$FWLYLW\6\VWHP[FP0('$VVRFLDWHVHSLVRGHVRIORFRPRWRU
DFWLYLW\ZHUHFRXQWHGIRUPLQ
(OHYDWHG SOXVPD]H GD\  DIWHU ,6VKDP,6 7KH '97UDFN 9,'(2
75$&.,1* 6<67(0  FP KLJK  FP ZLGH  FP ORQJ
08520$&+,.,.$,1LKRQEDVKL-DSDQZDVXVHG
5HVXOWV$YRLGDQFHHVFDSH'XULQJPLQRIDGDSWDWLRQSUHFHHGLQJWKHWDVN
WKH)LVFKHU,6JURXSVKRZHGVLJQL¿FDQWO\OHVVPRYHPHQWWKURXJKWKHJDWH
WKDQ)LVFKHUVKDP,6:LVWDU,6RU:LVWDUVKDP,60RYHPHQWWRWKHQRQ
VKRFN FKDPEHU ZKLOH WKH VLJQDO OLJKW ZDV RQ ZDV FRXQWHG DV DYRLGDQFH
:LVWDU,6VKRZHGVLJQL¿FDQWO\PRUHDYRLGDQFHWKDQ:LVWDUVKDP,6)LVFKHU
,6 VKRZHG VLJQL¿FDQWO\PRUH DYRLGDQFH WKDQ )LVFKHU VKDP,6:LVWDU ,6
DQG:LVWDUVKDP,6VKRZHGVLJQL¿FDQWO\OHVVDYRLGDQFHWKDQ)LVFKHU,6RU
)LVFKHUVKDP,6
/RFRPRWRUDFWLYLW\7KLVZDVPRVWVXSSUHVVHGRQGD\VXEVHTXHQWO\VKRZ
LQJUHFRYHUHG7KHIRXUJURXSVGLGQRWVLJQL¿FDQWO\GLIIHU
(OHYDWHGSOXVPD]H7KHIRXUJURXSVGLGQRWVLJQL¿FDQWO\GLIIHU
&RQFOXVLRQV&KDQJHVLQGXFHGE\SULRUVWUHVVLQHVFDSHDYRLGDQFHEHKDYLRU
DSSHDUHGWRUHSUHVHQWQXPELQJDYRLGDQFHDQGK\SHUYLJLODQFHFKDUDFWHUL]HG
DVELGLUHFWLRQDOFKDQJHVLQ376':HFRQVLGHUWKLVSDUDGLJPDXVHIXODQL
PDOPRGHORI376'IRUVWXG\RIQHXURFKHPLFDODQGIXQFWLRQDODEQRUPDOL
WLHVSURYLGHGWKDWGLIIHUHQFHVEHWZHHQUDWVWUDLQVDUHWDNHQLQWRDFFRXQW
5HIHUHQFHV
6DZDPXUD7(IIHFWRISDUR[HWLQHRQDPRGHORISRVWWUDXPDWLFVWUHVV
GLVRUGHULQUDWV1HXURVFLHQFH/HWWHUV
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6RPDWR%LRORJLFDO0DUNHUV2I$OFRKROLVP
$QGUH\6RORYLHY
1RUWKHUQ6WDWH0HGLFDO8QLYHUVLW\$UNKDQJHOVN5XVVLD
3DYHO6LGRURY,ULQD.LUSLWFK
*RDO(VWDEOLVKPHQWRIDFRPSOH[RIREMHFWLYHELRORJLFDOPDUNHUVRIGLDJ
QRVLVDQGSURJQRVLVIRUSURFHHGLQJRIVRPDWLFFKDQJHVFDXVHGE\DOFRKRO
0HWKRGVPHQ±DOFRKROLFSDWLHQWVZHUHH[DPLQHGLQG\QDPLFVRIDFXWH
DOFRKROLFSV\FKRVHVDQGLQGLVHDVHUHPLVVLRQ7KHDQDO\VLVRIEORRGVHUXP
HQ]\PDWLFDFWLYLW\ZDVGRQHIHDWXUHVRISURWHLQDQGOLSLGPHWDEROLVPZHUH
VWXGLHG EORRG VHUXP FU\VWDOORJUDSKLF UHVHDUFKZDV FDUULHG RXW LQWHVWLQDO
PLFURELRFHQRVLVDQGRUJDQLVPSURYLVLRQZLWKYLWDPLQ%ZHUHVWXGLHG
5HVXOWV$FRPSOH[RIREMHFWLYHELRORJLFDOPDUNHUVRIGHWHFWLRQRIVRPDWLF
FKDQJHVDQGKRPHRVWDVLVGLVRUGHULQSDWLHQWVZLWKDOFRKROLVP±DFRPSOH[
RIIHDWXUHVRIELRFKHPLFDOKRPHRVWDVLVDFU\VWDOORJUDSKLFSLFWXUHRIEORRG
VHUXP LQWHVWLQDO PLFURELRFHQRVLV FKDQJHV DQG PLFURSKORUD FRQWULEXWLRQ
LQWRPHWDEROLFSURFHVVHVLQSDWLHQWV¶RUJDQLVPV
&RQFOXVLRQV7KHPDLQ ³ELRORJLFDO V\QGURPHV´ RI SRVWLQWR[LFDWLRQ VWDWHV
FDXVHGE\DOFRKROZHUHVLQJOHGRXWPHWDEROLFLQFOXGLQJWKHWRWDOFRPELQD
WLRQRIHQ]\PRSDWKLDVWRJHWKHUZLWKFKDQJHVRIDSURWHLQOLSLGVSHFWUXPDQG
DYLWDPLQVWDWXVFU\VWDOORJUDSKLFDQGPLFURHFRORJLFDORQHV
5HIHUHQFHV
.LUSLWFK,$0LFURELRORJLFDOODQGVFDSHRIODUJHLQWHVWLQHLQSDWLHQWV
ZLWK FKURQLF DOFRKROLVP.LUSLWFK ,$%D]KXNRYD7$ 6LPRQRYD*1
DQGRWKHU±$OFRKROLFGLVHDVH1RS
6LGRURY 3,  &U\VWDOORJUDSKLF UHVHDUFK RI EORRG VHUXP RI SDWLHQWV
ZLWK FKURQLF DOFRKROLVP 6LGRURY 3, .LUSLWFK ,$ 9ROFKHWVN\ $/
±1DUNRORJLD1R±S
6RORYLHY$*  'HWHFWLRQ RI D GHJUHH RI RUJDQLVP SURYLVLRQ ZLWK
WKLDPLQ 6RORYLHY$* %RLNR (5 6LGRURY 3, .LUSLWFK ,$ ± +PDQ
SK\VLRORJ\±±1R±S±
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&ORQLQJDQG3KDUPDFRORJLFDO3URILOHRIWKH*HUELO1.
5HFHSWRU
/XFLQGD6WHZDUG
)+RIIPDQQ/D5RFKH6ZLW]HUODQG
3KLOLSS(UQVW(PPDQXHO6WXUFKOHU7KHUHVD%DOODUG
5LFKDUG3RUWHU0DULD&OHPHQFLD+HUQDQGH]
2EMHFWLYHV7KHSKDUPDFRORJ\RI WKHKXPDQ1. UHFHSWRU K1.5KDV
EHHQH[WHQVLYHO\LQYHVWLJDWHGDQGQXPHURXVQRQSHSWLGHDQWDJRQLVWVGHYHO
RSHG *LDUGLQDHW DO 'UXJV7KHUH DUH UHSRUWHG WREH
GLIIHUHQFHV LQ WKHSKDUPDFRORJ\EHWZHHQKXPDQ DQG UDW DQGPRXVH1.
UHFHSWRUV5XSQLDN&DQ-3K\VLRO3KDUPDFRO,QWHUHVW
LQJO\WKHJHUELOKDVEHHQH[WHQVLYHO\XVHGIRULQYLYRFKDUDFWHUL]DWLRQDVLWV
SKDUPDFRORJLFDOSUR¿OHDSSHDUVWREHVLPLODUWRK1.5*LWWHUHWDO
(XU - 3KDUPDFRO  %HUHVIRUG HW DO %U - 3KDUPDFRO
 ,Q WKLV VWXG\ZHFORQHG WKHJHUELO1.UHFHSWRU J1.5
DQGFKDUDFWHUL]HGDQGFRPSDUHGWKHSKDUPDFRORJ\RIWKHJ1.DQGK1.
UHFRPELQDQWUHFHSWRUV
0HWKRGV7KH F'1$HQFRGLQJ WKH J1.5ZDV FORQHG IURPJHUELO EUDLQ
WLVVXH 51$ E\ 573&5 XVLQJ GHJHQHUDWH SULPHUV ,W ZDV WUDQVLHQWO\
WUDQVIHFWHG LQ +(. FHOOV DQG SKDUPDFRORJLFDOO\ FKDUDFWHUL]HG XVLQJ
UDGLROLJDQG ELQGLQJ&D ÀXRULPHWU\ )/,35 DQG SKRVSKRWLG\OLQRVLWLGH
K\GURO\VLV3+7KHLQYLYRSKDUPDFRORJ\RIWKHJ1.5ZDVSUR¿OHGLQ
JHUELODJDLQVW1.DJRQLVW *5LQGXFHGIRRW WDSSLQJ%ULVWRZDQG
<RXQJ(XU-3KDUPDFRO
5HVXOWV 7KH SUHGLFWHG SURWHLQ RI WKH J1.5ZDV GHWHUPLQHG WR EH 
DPLQRDFLGV ORQJZLWKDPROHFXODUPDVVRI.'D7KHUHZDVDKLJK
GHJUHH RI LGHQWLW\ ZLWK UDW  PRXVH  DQG KXPDQ 
VHTXHQFHV7KHDPLQRDFLGVZHUHLGHQWLFDOEHWZHHQWKHK1.DQG
J1.VHTXHQFHVEXWWKHUHZHUHNH\GLIIHUHQFHVWRWKRVHLQUDWDQGPRXVH
,Q UDGLROLJDQG ELQGLQJ VWXGLHV LQ J1. 1. DQWDJRQLVWV FRPSHWHG IRU
>+@6XEVWDQFH 3 ZLWK DSSDUHQWO\ KRPRJHQHRXV VLQJOH VLWH GLVSODFHPHQW
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
+LOOFRHI¿FLHQWVDSSUR[LPDWHO\H[FHSW0.!DQGZLWKUDQNRUGHU
RIDI¿QLW\RI0.!7$.!/ZKLFKZDVLGHQWLFDOIRUK1.
7KH UDGLROLJDQG ELQGLQJ DI¿QLWLHV RI0.7$. DQG / IRU
J1.ZHUHS.L¶VPHDQ6(0Q DQG
IRUK1.ZHUHS.L¶VPHDQ6(0Q 
UHVSHFWLYHO\,Q)/,35VWXGLHV0.7$.DQG/DQWDJRQL]HG
WKH6XEVWDQFH3LQGXFHG&D UHVSRQVH IRUJ1.DQGK1.ZLWKD UDQN
RUGHU LGHQWLFDO WR WKHELQGLQJ0RUHGHWDLOHG6FKLOGDQDO\VLVVWXGLHVXVLQJ
3+UHYHDOHGGLIIHUHQFHVLQWKHDSSDUHQWFRPSHWLWLYHDQWDJRQLVPRIWKHFRP
SRXQGVZLWK0.DSSHDULQJQRQFRPSHWLWLYHDQG/DQG7$.
FRPSHWLWLYHLQWKHLUDELOLW\WRLQKLELW3+,QJHUELO1.DQWDJRQLVWVLQKLE
LWHGWKH*5LQGXFHGIRRWWDSSLQJ
&RQFOXVLRQV:HUHSRUWIRUWKH¿UVWWLPHWKHFORQLQJDQGFKDUDFWHUL]DWLRQRI
WKHJ1.5ZKLFKGLVSOD\VDVLPLODUSKDUPDFRORJLFDOSUR¿OHDVWKHK1.5
7KLVLVSUREDEO\H[SODLQHGE\VLPLODULWLHVLQWKHJ1.5DQGK1.5DPLQR
DFLG EHWZHHQ  VHTXHQFHV 7KLV VXSSRUWV WKH SUHGLFWLYH DELOLW\ RI
SKDUPDFRORJLFDOSUR¿OLQJRIFRPSRXQGVLQJHUELOLQYLYRDQLPDOPRGHOVIRU
KXPDQSKDUPDFRORJ\
32
376'DQG+HDOWK5HODWHG4XDOLW\RI/LIHLQ/RQJWHUP
6XUYLYRUVRI$5'6DQG6HSWLF6KRFN±3URSK\ODFWLF(IIHFWVRI
6WUHVV'RVHVRI+\GURFRUWLVRQH
+DQV3HWHU.DSIKDPPHU
3V\FKLDWULF'HSDUWPHQWRI0HGLFDO8QLYHUVLW\RI*UD]$XVWULD
5RWKHQKlXVOHU+%6FKHOOLQJ*
2EMHFWLYHV,QWHQVLYHFDUHRIWHQPHDQVH[SRVXUHWRPD[LPDOSK\VLFDODQG
SV\FKRORJLFDOVWUHVVZLWKORQJODVWLQJHPRWLRQDOVHTXHODHIRUDPDMRULW\RI
SDWLHQWV3V\FKLDWULFPRUELGLW\DQGQHJDWLYHHIIHFWVRQKHDOWKUHODWHGTXDO
LW\RI OLIHDUHDVVHVVHG LQ ORQJWHUPVXUYLYRUVRIDFXWHUHVSLUDWRU\GLVWUHVV
V\QGURPH$5'6RUVHSWLFVKRFN6WUHVVGRVHVRIK\GURFRUWLVRQHDSSOLHG
GXULQJ HDUO\ LQWHQVLYH FDUH PD\ WXUQ RXW DV D VLJQL¿FDQW LQWHUYHQWLRQ WR
SUHYHQWSRVWWUDXPDWLFVWUHVVUHDFWLRQV
6WXG\0HWKRGV  ORQJWHUPVXUYLYRUV P I RI$5'6ZHUH
HQUROOHGLQDSV\FKLDWULFIROORZXSVWXG\$OOSDWLHQWVKDGUHFHLYHGVWDQGDUG
SURWRFROGULYHQWUHDWPHQWGXULQJLQWHQVLYHFDUH7KHPHGLDQIROORZXSWLPH
ZDV\HDUVDIWHU,&8WUHDWPHQWUDQJH±\HDUV6&,'ZDVPDGHIRU
SV\FKLDWULFGLDJQRVLVDFFRUGLQJWR'60,9,QDGGLWLRQVHYHUDOSV\FKRORJL
FDOWHVWVZHUHSHUIRUPHGIRUSRVWWUDXPDWLFVWUHVVV\PSWRPV>3766@GH
SUHVVLRQ>0$'56@VWDWHDQ[LHW\>67$,;@VRPDWL]DWLRQ>6206-@
V\PSWRPVLQFRQFHQWUDWLRQDWWHQWLRQDQGVKRUWWHUPPHPRU\>6.7@VRFLDO
VXSSRUW>666@DQGKHDOWKUHODWHGTXDOLW\RIOLIH>6)@
5HVXOWV$WWLPHRIGLVFKDUJHIURPLQWHQVLYHFDUHXQLWKRVSLWDOVWD\
Q RISDWLHQWVVXIIHUHGIURP376'Q IURPVXE376'$W
IROORZXSWLPHQ RISDWLHQWVFRQWLQXHGWRVXIIHUIURP376'
 Q    IURP VXE376' 3DWLHQWVZLWK 376' GHPRQVWUDWHG D SUR
QRXQFHG WHQGHQF\ IRU VRPDWL]DWLRQ DQG VWDWH DQ[LHW\%HWZHHQ VXEJURXSV
376'VXE376'QR376'WKHUHZHUHQRVWDWLVWLFDOO\VLJQL¿FDQWGLIIHU
HQFHVLQUHVSHFWRIVRFLDOVXSSRUWDQGV\PSWRPVRIFRJQLWLYHG\VIXQFWLRQ
3DWLHQWV ZLWK 376' VKRZHG PDMRU LPSDLUPHQWV LQ VRPH GLPHQVLRQV RI
KHDOWKUHODWHGOLIHTXDOLW\JHQHUDOKHDOWKVRFLDOIXQFWLRQLQJPHQWDOKHDOWK
ZKHUHDVSDWLHQWVZLWKRXW376'KDGVFRUHVZKLFKZHUHZHOOLQWKHUDQJHRI
JHQHUDO SRSXODWLRQ ([FHSW GXUDWLRQ RI VWD\ RQ ,&8 QHLWKHU DJH JHQGHU
VRFLRGHPRJUDSKLFYDULDEOHVSUHPRUELGSV\FKRSDWKRORJ\QRULQLWLDOVHYHULW\
RILOOQHVV>/XQJ,QMXU\6FRUH$SDFKH,,6FRUH@GLVFULPLQDWHGEHWZHHQWKH
VXEJURXSV
6WXG\0HWKRGVSDWLHQWVZLWKVWDQGDUGWKHUDS\IRUVHSWLFVKRFNZHUH
LGHQWL¿HG7KH\VHUYHGDVFRQWUROVDQGZHUHFRPSDUHGZLWKDQHTXDOQXPEHU
RISDWLHQWVUHFHLYLQJK\GURFRUWLVRQHLQDGGLWLRQWRVWDQGDUGWUHDWPHQW7KHVH
SDWLHQWVZHUH VHOHFWHG IURPRXUGDWDEDVHZLWK UHJDUG WR DJH \HDUV
JHQGHUDQGFDXVHRIVHSWLFVKRFNLQRUGHUWREHDVVLPLODUDVSRVVLEOHZLWK
FRQWURO SDWLHQWV 3DWLHQWV IURP WKH K\GURFRUWLVRQH JURXS KDG UHFHLYHG
VWUHVVGRVHVRIK\GURFRUWLVRQH PJEROXV IROORZHGE\PJNJK
LQDGGLWLRQWRVWDQGDUGWUHDWPHQW3DWLHQWVIURPWKHFRQWUROJURXSUHFHLYHG
VWDQGDUGSURWRFROGULYHQWUHDWPHQWRQO\3RVWWUDXPDWLFVWUHVVGLVRUGHUZDV
GLDJQRVHGZLWKWKH3766,QYHQWRU\DVHOIUHSRUWVFDOHIRUGLDJQRVLVRI
SRVWWUDXPWLFVWUHVVGLVRUGHUDQG+HDOWK6WDWXV4XHVWLRQQDLUH6)
5HVXOWV 3DWLHQWVZKR UHFHLYHG K\GURFRUWLVRQH GXULQJ VHSWLF VKRFN KDG D
VLJQL¿FDQWO\ORZHULQFLGHQFHRI376'WKDQSDWLHQWVZLWKVWDQGDUGWUHDWPHQW
RQO\YVS DQGKDGVLJQL¿FDQWO\KLJKHUVFRUHVRQWKH
PHQWDOKHDOWKLQGH[RIWKH6)KHDOWKUHODWHGTXDOLW\RIOLIHTXHVWLRQ
QDLUHYVSRLQWVS 
&RQFOXVLRQV/RQJWHUPVXUYLYRUVRI$5'6DQGVHSWLFVKRFNVHHPWRIDFH
DPDMRUULVNRI376'DQGRIPDMRULPSDLUPHQWVLQKHDOWKUHODWHGTXDOLW\RI
OLIHLQWKHLUORQJWHUPRXWFRPH$GPLQLVWUDWLRQRIVWUHVVGRVHVRIK\GURFRU
WLVRQH LQGRVHV HTXLYDOHQW WR WKHPD[LPDO HQGRFULQH VHFUHWLRQ UDWHGXULQJ
VHSWLF VKRFN UHGXFHV WKH LQFLGHQFH RI SRVWWUDXPDWLF VWUHVV GLVRUGHU DQG
LPSURYHVHPRWLRQDOZHOOEHLQJLQVXUYLYRUV
32
3RVWWUDXPDWLF6WUHVV'LVRUGHU376'LQWKHP$WWDFN
$VVHVVPHQW2QH0RQWKDQG6L[0RQWKV)ROORZLQJWKH$WWDFN
'DYLG)UDJXDV
+RVSLWDO*UHJRULR0DUDxyQ6SDLQ
6DUD7HUiQ-DYLHU&RQHMR*DOLQGR(QULTXH6DLQ]&HOVR$UDQJR
2EMHFWLYHV7RDQDO\VH WKH LQFLGHQFHRISRVWUDXPDWLFVWUHVVV\PSWRPDWRO
RJ\DPRQJSDWLHQWVDIIHFWHGE\WKH0WHUURULVWDWWDFNDQGWKHPDLQULVN
IDFWRUVIRUGHYHORSLQJ376'
0HWKRGV$ VDPSOHZDV UDQGRPO\ VHOHFWHG IURPDPRQJ WKHSDWLHQWVZKR
UHFHLYHGFDUHDW*UHJRULR0DUDxyQ+RVSLWDO7KHSDWLHQWVZHUHH[DPLQHG
EHWZHHQRQHDQGWZRPRQWKIROORZLQJWKHDWWDFNDQGDJDLQVL[PRQWKVDIWHU
WKHDWWDFN0LQRUVZHUHH[FOXGHGIURPWKLVVWXG\$JHQHUDOTXHVWLRQQDLUH
DQG WKH'DYLGVRQ376' UDWLQJ VFDOH '76ZHUH XVHG$OO VXEMHFWV SUR
YLGHGZULWWHQLQIRUPHGFRQVHQWDIWHUIXOOGHVFULSWLRQRIWKHVWXG\
5HVXOWV :H HYDOXDWHG D WRWDO RI  VXEMHFWV 0HDQ '76 VFRUH ZDV
)HPDOHVKDGVLJQL¿FDQWO\KLJKHUPHDQVFRUHVRQ'76WKDQPDOHV
9V7KHSUHYDOHQFHRI376'DVGH¿QHGE\D'76
VFRUH!ZDV
7KHUH ZHUH D VLJQL¿FDQW DVVRFLDWLRQ EHWZHHQ UHH[SHULHQFLQJ WKH HYHQW
376'%FULWHULDDQGIHPDOHJHQGHU$YRLGDQFHRIUHPLQGHUVRIWKHHYHQW
DQGQXPEQHVVRIIHHOLQJV376'&FULWHULDDSSHDUVWREHUHODWHGZLWKORZ
LQMXU\VHYHULW\DIWHUKRVSLWDOFDUH
5HVXOWVDWWKHVL[WKPRQWKWLPHSRLQWDUHFXUUHQWO\EHLQJVWXGLHGDQGZLOOEH
SUHVHQWHGDWWKHFRQJUHVV
&RQFOXVLRQV
 7KHUH LV D KLJK LQFLGHQFH RI 376'  EHWZHHQ WKH ¿UVW DQG WKH
VHFRQGPRQWKDIWHUWKHDWWDFN
7KHVHRXWFRPHVDUH VLPLODU WR WKRVH IRXQG LQRWKHU VWXGLHVGHDOLQJZLWK
ODUJHVFDOHFDWDVWURSKHV
*HQGHU DQG SK\VLFDO VOLJKW LQMXULHV DUH SRVVLEOH SUHGLFWLYH YDULDEOHV IRU
376'6\PSWRPDWRORJ\
5HIHUHQFHV
*DOHD69ODKRY'5HVQLFN+ HW DO $Q LQYHVWLJDWLRQ RI WKH SV\
FKRORJLFDO HIIHFWV RI WKH 6HSWHPEHU   DWWDFNV RQ1HZ<RUN&LW\
GHYHORSLQJDQGLPSOHPHQWLQJUHVHDUFKLQWKHDFXWHSRVWGLVDVWHUSHULRG&16
6SHFWU
)UDQNOLQ&/<RXQJ'=LPPHUPDQ03V\FKLDWULFSDWLHQWV¶YXOQHU
DELOLW\LQWKHZDNHRIWKH6HSWHPEHUWKWHUURULVWDWWDFNV-1HUY0HQW'LV

32
0HWD$QDO\VLVRI6HURWRQLQ5HXSWDNH,QKLEWRUVIRU376'
0LFKDHO:LOVRQ
'HSDUWPHQWRI3V\FKLDWU\/RXLVLDQD6WDWH8QLYHUVLW\+HDOWK6FL
HQFHV&HQWHU1HZ2UOHDQV/RXLVLDQD86$
,QWURGXFWLRQ7KH REMHFWLYHZDV WR GHWHUPLQH QRW RQO\ GLIIHUHQFHV LQ HI
¿FDF\ EXW DOVR WROHUDELOLW\ RI WKH DYDLODEOH VHURWRQLQ UHXSWDNH LQKLELWRUV
665,VVWXGLHGIRU3RVWWUDXPDWLFVWUHVVGLVRUGHU376'
0HWKRGV7KHDXWKRUVUHYLHZHGWKHDYDLODEOHOLWHUDWXUHIRUDOOGRXEOHEOLQG
WULDOVRI665,VIRU376'H[FOXGLQJDOOVWXGLHVWKDWZHUHQHLWKHUGRXEOHEOLQG
QRU WZHOYH ZHHNV LQ GXUDWLRQ 7KH VWDWLVWLFV IRU WKLV ZDV GRQH XVLQJ WKH
FRPSXWHUVRIWZDUH&RPSUHKHQVLYH0HWD$QDO\VLV
5HVXOWV7KHRQO\GRXEOHWULDOVPDWFKLQJRXUFULWHULDZHUHWZRSDUR[HWLQH
WZRVHUWUDOLQHDQGWKUHHÀXR[HWLQH$OOPHGLFDWLRQVKDGDVXSHULRUUHVSRQVH
RYHUSODFHERKRZHYHUQRQHRIWKHPHGLFDWLRQVVHSDUDWHGIURPHDFKRWKHULQ
HI¿FDF\:LWKDGYHUVHHIIHFWVSDUR[HWLQHKDGDVXPPHGLQFLGHQFHWKDWZDV
JUHDWHUWKDQSODFHERVHUWUDOLQHDQGÀXR[HWLQHVHUWUDOLQHDQGÀXR[HWLQHGLG
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
QRWVHSDUDWHIURPHDFKRWKHULQWKHLQFLGHQFHRIDGYHUVHHIIHFWV7KHSDUR[
HWLQHVDPSOHVDOVRKDGVLJQL¿FDQWO\PRUH&DXFDVLDQVWKDQQRQ&DXFDVLDQV
&RQFOXVLRQV)URPWKLVDQDO\VLVLWFDQEHFRQFOXGHGWKDWDOOWKUHHPHGLFD
WLRQVKDGHTXDOHI¿FDF\WRHDFKRWKHUDQGJUHDWHUWKDQSODFHERIRUWUHDWLQJ
376'+RZHYHULQLQFLGHQFHRIDGYHUVHHIIHFWVWKHUHZDVDVLJQL¿FDQWGLI
IHUHQFHZLWKSDUR[HWLQHKDYLQJDPXFKZRUVHVLGHHIIHFWSUR¿OH
32
3RVWHU6HVVLRQ1R
32
2EMHFWLYHYV6HOI5HSRUW0HDVXUHVRI$'+'6\PSWRPVLQ
'UXJ$GGLFWV
$QGUHDV%UXQNODXV
&OLQLFRI&KLOGDQG$GROHVFHQW3V\FKLDWU\&KDULWp+XPEROGW
8QLYHUVLW\%HUOLQ*HUPDQ\
0LFKDHO+XVV.HUULQ$GOXQJ8OULNH/HKPNXKO
2EMHFWLYHV7KHXWLOLW\RIVHOIUHSRUWDQGREMHFWLYHPHDVXUHVLQWKHGLDJQR
VLVRI$WWHQWLRQ'H¿FLW+\SHUDFWLYLW\'LVRUGHU$'+'LQDGXOWVLVFRQWUR
YHUVLDO2XU DLPZDV WR FRPSDUH VHOIUDWLQJVRI$'+'V\PSWRPVDPRQJ
DGXOWGUXJDEXVHUVZLWKWKHUHVXOWVRIREMHFWLYHQHXURSV\FKRORJLFDOWHVWLQJ
DQGPRWRUDFWLYLW\PRQLWRULQJ
0HWKRGV LQSDWLHQWRSLDWHDGGLFWVDW WKH'UXJ'HSHQGHQFH8QLWRI WKH
³*HPHLQVFKDIWVNUDQNHQKDXV+DYHOK|KH´LQ%HUOLQDQGFRQWUROVRIHTXDO
DJH JHQGHU DQG VRFLRHFRQRPLF FODVV SDUWLFLSDWHG LQ WKLV VWXG\ 6XEMHFWV
FRPSOHWHGWKHDSSURYHG*HUPDQYHUVLRQVRIWKH:HQGHU8WDK5DWLQJ6FDOH
:856 D UHWURVSHFWLYH  LWHP VHOIUHSRUW RI FKLOGKRRG $'+' DQG
WKH &RQQHUV¶$GXOW$'+'5DWLQJ 6FDOH &$$56 D  LWHP VHOIUHSRUW
TXHVWLRQQDLUH WR DVVHVV FXUUHQW V\PSWRPV RI$'+'1HXURSV\FKRORJLFDO
IXQFWLRQLQJZDVH[DPLQHGXVLQJ WKH&RQWLQXRXV3HUIRUPDQFH7HVW &37
3DUWLFLSDQWVZHUHUHTXLUHGWRSUHVVDEXWWRQZKHQDQ\OHWWHURWKHUWKDQ³;´
DSSHDUHGRQ WKH VFUHHQ(UURUVRIRPLVVLRQ LQGLFDWLYHRI LQDWWHQWLRQDQG
HUURUVRIFRPPLVVLRQLQGLFDWLYHRILPSXOVLYLW\ZHUHUHFRUGHG'XULQJWKH
DSSUR[LPDWHO\PLQXWHV&37WDVNWKHJOREDOPRWRUDFWLYLW\RIWKHVXEMHFWV
ZDVPRQLWRUHGDQGTXDQWL¿HGXVLQJD UDGDUDFWRPHWHUGHYLFH -HQHW]N\HW
DO
5HVXOWV'UXJDGGLFWVIXO¿OOHGERWKWKH:856FULWHULDIRUFKLOGKRRG$'+'
VLJQL¿FDQWO\ PRUH RIWHQ WKDQ FRQWUROV  YV  UHVSHFWLYHO\ Ȥ  
SDVZHOODVWKH&$$56FULWHULDIRUDGXOW$'+'YV
Ȥ S 
$PRQJGUXJDEXVHUVJOREDOPRWRUDFWLYLW\ZDVSRVLWLYHO\FRUUHODWHGZLWKWKH
IROORZLQJ:856LWHPV³$FWLYHUHVWOHVVDOZD\VRQWKHJR´U S
 ³1HUYRXV¿GJHW\´U S³%DGKDQGZULWLQJ´
U S DQG³7KRXJKW,FRXOGUHDGSUHWW\ZHOO,QHYHUUHDOO\
HQMR\HGUHDGLQJ´U S 0RWRUDFWLYLW\ZDVDOVRSRVLWLYHO\FRU
UHODWHGZLWKWKH&$$567VFRUHVRQWKH³'60,9+\SHUDFWLYH,PSXOVLYH
VFDOH´U S DQGWKH³'60,97RWDO$'+'VFDOH´U S
 EXWZDVQRWVLJQL¿FDQWO\FRUUHODWHGZLWKWKH³'60,9,QDWWHQWLRQ
VFDOH´
5HJDUGLQJ WKH&37 UHVXOWV QHLWKHU HUURUV RI RPLVVLRQ QRU HUURUV RI FRP
PLVVLRQFRQ¿UPHGDVWDWLVWLFDOO\VLJQL¿FDQWFRUUHODWLRQZLWK:856LWHPV
UHÀHFWLQJ LQDWWHQWLRQ RU LPSXOVLYLW\ 6LPLODUO\ QR VLJQL¿FDQW FRUUHODWLRQ
ZDVIRXQGEHWZHHQ&37YDULDEOHVDQGWKH&$$56³'60,9,QDWWHQWLRQ´
RU³+\SHUDFWLYH,PSXOVLYH´VFDOHV
&RQFOXVLRQV 0RWRU DFWLYLW\ PRQLWRULQJ YLD UDGDUDFWRPHWHU DFFXUDWHO\
UHÀHFWV WKHVXEMHFW¶VVHOIUHSRUWRQK\SHUDFWLYLW\V\PSWRPVDQGPD\EHD
XVHIXOWRROWRDVVHVVK\SHUDFWLYLW\LQDGXOWV7KHEHQH¿FLDOXVHRI&37YDUL
DEOHVWRGLIIHUHQWLDWHV\PSWRPVRILQDWWHQWLRQDQGLPSXOVLYLW\LQDGXOWGUXJ
DGGLFWVFRXOGQRWEHGHPRQVWUDWHGKHUHDQGZDUUDQWVIXUWKHUHOXFLGDWLRQ
5HIHUHQFHV
-HQHW]N\(+XVV0/HKPNXKO8 0RWRU DFWLYLW\ DVVHVVHGE\D
QHZO\GHYHORSHGUDGDUDFWRPHWHU(XURSHDQ&KLOGDQG$GROHVFHQW3V\FKLD
WU\6XSSO
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&KDUDFWHULVWLFVRI(PRWLRQDO5HODWHG&RJQLWLYH)XQFWLRQLQ
3DWLHQWVZLWK3DUNLQVRQ¶V'LVHDVH(YDOXDWLQJE\9LVXDO(YHQW
5HODWHG3RWHQWLDOV([SORUDWRU\(\H0RYHPHQWV&RPSDULVRQ
ZLWK+HDOWK\6XEMHFWV
+LUR\DVX,JLPL
'HSDUWPHQWRI1HXURSV\FKLDWU\.XUXPH8QLYHUVLW\-DSDQ
.LLFKLUR0RULWD+LURVKL6KRML+LURNR<DPDPRWR
6DFKLNR1LVKLXUD<RVKLKLVD6KRML+LVDR0DHGD
2EMHFWLYHV (YHQWUHODWHG SRWHQWLDOV (53V DQG H[SORUDWRU\ H\H PRYH
PHQWV((0VKDYHEHHQXVHGDVDSUDFWLFDOSV\FKRSK\VLRORJLFDOPDUNHU
WRLQYHVWLJDWHLQIRUPDWLRQSURFHVVLQJ3DUNLQVRQ¶VGLVHDVH3'LVDFKURQLF
SURJUHVVLYH QHXURGHJHQHUDWLYH GLVHDVH ZLWK D UHGXFWLRQ RI GRSDPLQH
OHYHOV,QVRPHVWXGLHVLQ3'WKH3ODWHQF\RI(53VKDVEHHQIRXQGWR
EHSURORQJHGHYHQLQSDWLHQWVZLWKRXWGHPHQWLD7KHSUHVHQWVWXG\ZDVWR
HYDOXDWHWKH(53VDQGWKH((0VDQGWKHHIIHFWVRIHPRWLRQLQSDWLHQWVZLWK
3DUNLQVRQ¶VGLVHDVH
0HWKRGV 9LVXDO (53V ZHUH UHFRUGHG XVLQJ DQ RGGEDOO SDUDGLJP LQ 
SDWLHQWVZLWKRXWGHPHQWLDDQGDJHPDWFKHGKHDOWK\VXEMHFWV(53VZHUH
REWDLQHGDW)]&]3]2]7DQG7HOHFWURGHV$FU\LQJEDE\RUDVPLOLQJ
EDE\SKRWRJUDSKZDVXVHGDVWKHWDUJHWVWLPXOLZKLOHDQHXWUDOEDE\SKRWR
JUDSKZDVWKHQRQWDUJHWVWLPXOL$OOVXEMHFWVZHUHDVNHGWRSXVKDEXWWRQDV
VRRQDVWKH\DSSHDUHGDQGPHQWDOFRXQWWRWDUJHWVWLPXOL
((0VZHUHUHFRUGHGXVLQJDQH\HPDUNUHFRUGHU$OOVXEMHFWVZHUHLQVWUXFW
HG WRJD]H WKH VDPHEDE\SKRWRJUDSKVGHVFULEHGDERYH7KHJD]LQJSRLQW
ZDVGHWHUPLQHGIURPDJD]LQJWLPHH[FHHGLQJV((0VZHUHDQDO\]HGIRU
PHDQJD]LQJWLPH0*7DQGWRWDOH\HVFDQQLQJOHQJWK7(6/7KUHHZD\
DQGWZRZD\$129$ZHUHSHUIRUPHGIRUVWDWLVWLFDODQDO\VLV)LVKHU3/6'
ZDVXVHGDVDSRVWKRFWHVWWRHVWLPDWHVLJQL¿FDQFH7KH(WKLFV&RP
PLWWHHRI.XUXPH8QLYHUVLW\DSSURYHGWKHVWXG\:ULWWHQLQIRUPHGFRQVHQW
ZDVREWDLQHGIURPDOOVXEMHFWVSULRUWRWKHVWXG\
5HVXOWV7KHUHZDVQRGLIIHUHQFH LQ WKH3DPSOLWXGHEHWZHHQSDWLHQWV
DQGFRQWUROV7KH3DPSOLWXGHZKHQYLHZLQJDVPLOLQJEDE\ZDVVPDOOHU
WKDQWKDWZKHQYLHZLQJDFU\LQJEDE\IRUWKHERWKSDWLHQWVDQGWKHKHDOWK\
FRQWUROV7KH3DPSOLWXGHZDVVLJQL¿FDQWO\ODUJHULQWKHVWDJHJURXS
WKDQLQWKHVWDJHJURXSDVFODVVL¿HGE\+RHKQDQG<DKU7KH3ODWHQF\
LQSDWLHQWVZDVVLJQL¿FDQWO\ORQJHUERWKLQVWDJHDQGVWDJHSDWLHQWVWKDQ
WKDW LQ WKH KHDOWK\ FRQWUROV8VLQJ WKH ((0V WKH7(6/ZKHQ YLHZLQJ D
VPLOLQJEDE\ZDVORQJHUWKDQWKDWZKHQYLHZLQJDFU\LQJIRUKHDOWK\VXE
MHFWV+RZHYHU WKH7(6/ZKHQYLHZLQJRIDVPLOLQJEDE\ZDVVLPLODU WR
WKDWZKHQYLHZLQJDFU\LQJEDE\IRUSDWLHQWV
&RQFOXVLRQV7KHVH UHVXOWV LQGLFDWH WKDW SDWLHQWVZLWK 3DUNLQVRQ GLVHDVHV
DUH OLNHO\ WR KDYH FRJQLWLYH G\VIXQFWLRQ DQG WKDW (53V DQG ((0V DUH D
XVHIXO ELRORJLFDOPDUNHU IRU WKH HYDOXDWLRQRI SDWLHQWV7KHVH UHVXOWV DOVR
VXJJHVWWKDWWKH3LVLQÀXHQFHGE\DIIHFWLYHIDFLDOH[SUHVVLRQV
5HIHUHQFHV
/DQJ6)1HOVRQ&$DQG&ROOLQV3)(YHQWUHODWHG3RWHQWLDOVWRHPR
WLRQDODQGQHXUDOVWLPXOL-&OLQ([S1HXUR3V\FKRO
3ROLFK-3LQFOLQLFDODSSOLFDWLRQ0HDQLQJPHWKRGDQGPHDVXUH
PHQW$PHU-((*7HFKQRO
0DHGD+0RULWD..DZDPXUD1HWDO$PSOLWXGHDQGDUHDRI
WKHDXGLWRU\3UHFRUGHGZLWKH\HVRSHQUHÀHFWUHPLVVLRQRIVFKL]RSKUH
QLD%LRO3V\FKLDWU\
-LDQJ&.DVHGD<HWDO+DELWXDWLRQRIHYHQWUHODWHGSRWHQWLDOV LQ
SDWLHQWVZLWK3DUNLQVRQ¶VGLVHDVH3K\VLRO%HKDY
+RHKQ00<DKU0'3DUNLQVRQLVPRQVHWSURJUHVVLRQDQGPRUWDO
LW\1HXURORJ\
.RMLPD70DWVXVKLPD(HWDO(\HPRYHPHQWLQDFXWHFKURQLFDQG
UHPLWVFKL]RSKUHQLFV%LRO3V\FKLDWU\
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,PSURYHPHQWRI&RJQLWLYH)XQFWLRQVDIWHU7UDQVFUDQLDO
0DJQHWLF6WLPXODWLRQ
0LQGDXJDV-DVXODLWLV
1HXURPHGDPHGLFDOFHQWHU.DXQDV/LWKXDQLD
6ROYHLJD%OD]LHQH=LWD$OVHLNLHQH-XOLXV1HYHUDXVNDV
%DFNJURXQG 5HSHWLWLYH WUDQVFUDQLDO PDJQHWLF VWLPXODWLRQ U706 KDYH
EHHQ GHPRQVWUDWHG WR EH HIIHFWLYH LQ WKH WUHDWPHQW RI GHSUHVVLRQ 0DUWLV
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
 +RZHYHU WKHUH DUH FRQÀLFWLQJ GDWD DERXW WKH HIIHFWV RI U706 RQ
FRJQLWLYHIXQFWLRQ/LWWOH,QWKLVUHSRUWZHSUHVHQWDFDVHRIPDUNHG
LPSURYHPHQWLQFRJQLWLYHIXQFWLRQVRIWUHDWPHQWUHVLVWDQWSDWLHQWZLWKPDMRU
GHSUHVVLRQWDNLQJWKHFRPELQDWLRQRIVHUWUDOLQHPJGD\DQGYHQODID[
LQHPJGD\ZKHQU706ZDVXVHGDVDXJPHQWDWLRQLQWHUYHQWLRQ
0HWKRGV$FDVHUHSRUWRIU706HIIHFWVRQFRJQLWLYHIXQFWLRQLQJLQSDWLHQW
ZLWKWUHDWPHQWUHVLVWDQWPDMRUGHSUHVVLRQLVSUHVHQWHG&RJQLWLYHIXQFWLRQ
LQJZDV DVVHVVHG E\ WKH &ORFN'UDZLQJ7HVW VHYHULW\ RI GHSUHVVLRQZDV
PHDVXUHGE\WKH+DPLOWRQLWHPV'HSUHVVLRQ5DWLQJ6FDOH+$0'
5HVXOWV 3DWLHQW ,/  \HDUV ROG ZRPDQ ZKR KDV EHHQ VXIIHULQJ IURP
PDMRUGHSUHVVLRQIRUWKHODVW\HDUV7KHPDLQV\PSWRPVDWWKHDGPLVVLRQ
ZHUH GHSUHVVLYH PRRG SV\FKRPRWRU UHWDUGDWLRQ DQ[LHW\ ODFN RI HQHUJ\
DQGVSHHFKGLI¿FXOWLHV7KHFRQWDFWZDVGLI¿FXOW3UHYLRXVO\WKHSDWLHQWKDV
EHHQWUHDWHGXQVXFFHVVIXOO\ZLWKWKHFRPELQDWLRQRIVHUWUDOLQHPJGD\
DQG YHQODID[LQH PJGD\%HIRUH U706 SURFHGXUH LQ RUGHU WR DYRLG
VHL]XUHVWKHGRVHRIYHQODID[LQHZDVGHFUHDVHGWRPJGD\$WWKHDGPLV
VLRQ+$0'VFRUHZDV7KHVFRUHRIWKH&ORFN'UDZLQJ7HVWZDV
7KHSDWLHQWZDVQRWDEOHWRQDPHH[DFWGD\RIWKHPRQWK3DUDPHWHUVRIWKH
SHUIRUPHGOHIWSUHIURQWDOU706+]WUDLQVVHFQXPEHURISXOVHV
±07$IWHUSURFHGXUHVWKHGRVHRIYHQODID[LQHKDVEHHQUH
VWRUHGXSWRPJGD\DQGU706SURFHGXUHVZHUHFRQWLQXHGVXFFHVVIXOO\
$IWHUDGGLWLRQDOSURFHGXUHVWKHSV\FKRPRWRUDFWLYLW\RIWKHSDWLHQWQRWLFH
DEO\LQFUHDVHGDQGWKHVFRUHRIWKH+$0'GHFUHDVHGWR6KHEHJDQWR
VPLOHVSHHFKZDVIXOO\XQGHUVWDQGDEOHFRQWDFWZLWKWKHSDWLHQWLPSURYHG
7KH VFRUHRI WKH&ORFN'UDZLQJ7HVW DW WKH HQGRI WUHDWPHQWZDV7ZR
PRQWKVDIWHUU706SURFHGXUHVWKHSDWLHQW¶VPRRGDQGFRJQLWLYHIXQFWLRQLQJ
UHPDLQLPSURYHG6KHLVRQWKHWUHDWPHQWZLWKYHQODID[LQHPJGD\DQG
VHUWUDOLQHPJGD\
&RQFOXVLRQVU706LPSURYHGGHSUHVVLYHV\PSWRPVDQGFRJQLWLYHIXQFWLRQV
LQWUHDWPHQWUHVLVWDQWSDWLHQWZLWKPDMRUGHSUHVVLRQ
5HIHUHQFHV
/LWWOH-7&RJQLWLYHHIIHFWVRIDQGKHUW]WUDQVFUDQLDOPDJQHWLF
VWLPXODWLRQ LQ GHSUHVVLRQ 1HXURSV\FKLDWU\ 1HXURSV\FKRO %HKDY 1HXURO

0DUWLV%1HXURFRJQLWLYHHIIHFWVRIWUDQVFUDQLDOPDJQHWLFVWLPXODWLRQ
LQVHYHUHPDMRUGHSUHVVLRQ&OLQ1HXURSK\VLRO
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1HHGVDQG6HUYLFHVDWDQ,Q3DWLHQW3V\FKRWKHUDS\8QLW
-RKQ$-RVND
8QLYHUVLW\RI&DSH7RZQ6RXWK$IULFD
$ODQ-)OLVKHU
2EMHFWLYHV7RGHVFULEHWKHLPSDFWRIVHUYLFHVSURYLGHGGXULQJDQDGPLVVLRQ
RQXQPHWQHHGVEDUULHUVWRPHHWLQJQHHGVDQGFRUUHODWHVRIXQPHWQHHGV
0HWKRGV 7KH &DPEHUZHOO$VVHVVPHQW RI 1HHG &$1 ZDV PRGL¿HG WR
DVVHVV WKH SHUFHLYHG QHHGV RI  SDWLHQWV RQ DGPLVVLRQ WR D EULHIVWD\
LQSDWLHQWWKHUDSHXWLFSURJUDP$WGLVFKDUJHZHGRFXPHQWHGWKHH[WHQWWR
ZKLFKSDWLHQWVSHUFHLYHGVHUYLFHVDQGLQWHUYHQWLRQVWREHXVHIXO%DUULHUVWR
WKHPHHWLQJRIQHHGVZHUHDOVRUHFRUGHG
5HVXOWV7KHPHDQQXPEHURIQHHGVRQDGPLVVLRQZDV$WGLVFKDUJH
KHOS UHFHLYHGZDV KLJKHVW IRU SV\FKLDWULF QHHGV7KH VHUYLFHVPRVW RIWHQ
UHJDUGHGDVXVHIXOZHUHRUJDQLVHGJURXSDFWLYLWLHVDQGWKHUDSLHV5HJUHVVLRQ
DQDO\VLVVXJJHVWVWKDWDORZHUOHYHORIHGXFDWLRQDQGWKHSUHVHQFHRIERUGHU
OLQHSHUVRQDOLW\WUDLWVFRQWULEXWHVLJQL¿FDQWO\WRXQPHWQHHGRQGLVFKDUJH
&RQFOXVLRQV 7KH LQSDWLHQW SURJUDP LV HIIHFWLYH LQ PHHWLQJ SV\FKLDWULF
QHHGV EXW OHVV XVHIXO IRU DGGUHVVLQJ SV\FKRVRFLDO QHHGV 7KHVH QHHGV
PD\H[DFHUEDWHSV\FKLDWULFSUREOHPVDQGFRXOGEHPDQDJHGPRUHDFWLYHO\
EHIRUHGXULQJDQGDIWHUDQLQSDWLHQWVWD\
5HIHUHQFHV
%LMO59DQG5DYHOOL$3V\FKLDWULF0RUELGLW\6HUYLFH8VHDQG1HHG
IRU &DUH LQ WKH *HQHUDO 3RSXODWLRQ 5HVXOWV RI WKH 1HWKHUODQGV 0HQWDO
+HDOWK6XUYH\DQG,QFLGHQFH6WXG\$PHULFDQ-RXUQDORI3XEOLF+HDOWK

%R\OH02IIRUG'&DPSEHOO'HWDO0HQWDO+HDOWK6XSSOHPHQWWR
WKH2QWDULR+HDOWK6XUYH\0HWKRGRORJ\&DQDGLDQ -RXUQDO RI3V\FKLDWU\

7KH:RUOG0HQWDO+HDOWK6XUYH\&RQVRUWLXP3UHYDOHQFH6HYHULW\DQG
8QPHW1HHG IRU7UHDWPHQW RI0HQWDO'LVRUGHUV LQ WKH:RUOG+HDOWK2U
JDQLVDWLRQ:RUOG0HQWDO+HDOWK6XUYH\V-RXUQDORIWKH$PHULFDQ0HGLFDO
$VVRFLDWLRQ
%UHZLQ&5:LQJ-.0DQJHQ63HWDO3ULQFLSOHVDQGSUDFWLFHRI
PHDVXULQJQHHGVLQWKHORQJWHUPPHQWDOO\LOOWKH05&1HHGVIRU&DUH$V
VHVVPHQW3V\FKRORJLFDO0HGLFLQH
 3KHODQ06ODGH07KRUQLFURIW*HWDO7KH&DPEHUZHOO$V
VHVVPHQWRI1HHGWKHYDOLGLW\DQGUHOLDELOLW\RIDQLQVWUXPHQWWRDVVHVVWKH
QHHGRISHRSOHZLWKVHYHUHPHQWDOLOOQHVV%ULWLVK-RXUQDORI3V\FKLDWU\

6ODGH05RXWLQHRXWFRPHDVVHVVPHQWLQPHQWDOKHDOWKVHUYLFHV(GLWR
ULDOLQ3V\FKRORJLFDO0HGLFLQH
-RVND-DQG)OLVKHU$-7KHDVVHVVPHQWRIQHHGIRUPHQWDOKHDOWKVHUY
LFHV6RFLDO3V\FKLDWU\DQG3V\FKLDWULF(SLGHPLRORJ\LQSUHVV
+DQVVRQ/%MRUNPDQ7DQG6YHQVVRQ%7KHDVVHVVPHQWRIQHHGVLQ
SV\FKLDWULFSDWLHQWV,QWHUUDWHUUHOLDELOLW\RIWKH6ZHGLVKYHUVLRQRIWKH&DP
EHUZHOO$VVHVVPHQWRI1HHGVLQVWUXPHQWDQGUHVXOWVIURPDFURVVVHFWLRQDO
VWXG\$FWD3V\FKLDWULFD6FDQGDQDYLFD
/HHVH0-RKQVRQ66ODGH0HWDO8VHUSHUVSHFWLYHRQQHHGVDQG
VDWLVIDFWLRQZLWKPHQWDOKHDOWKVHUYLFHV%ULWLVK-RXUQDORI3V\FKLDWU\

3DUNPDQ6'DYLHV6/HHVH0HWDO(WKQLFGLIIHUHQFHVLQVDWLVIDF
WLRQZLWKPHQWDO VHUYLFHV DPRQJ UHSUHVHQWDWLYH SHRSOH ZLWK SV\FKRVLV LQ
6RXWK/RQGRQ35,606WXG\%ULWLVK-RXUQDORI3V\FKLDWU\

0HDGRZV*)RVVH\(+DUYH\&HWDO8QPHW1HHG LQ3V\FKLDWU\
3UREOHPV5HVRXUFHV5HVSRQVHVHGV*$QGUHZVDQG6+HQGHUVRQ
&DPEULGJH8QLYHUVLW\3UHVV&DPEULGJH
/HIHEUH-&\U0/HVDJH$HWDO8QPHWQHHGVLQWKHFRPPXQLW\
FDQH[LVWLQJVHUYLFHVPHHWWKHP"$FWD3V\FKLDWULFD6FDQGDQDYLFD

0F&URQH3/HHVH07KRUQLFURIW*HWDO5HOLDELOLW\RIWKH&DPEHU
ZHOO$VVHVVPHQWRI1HHG(XURSHDQ9HUVLRQ%ULWLVK-RXUQDORI3V\FKLDWU\
6XSSOHPHQWV
%HQJWVVRQ7RSV/DQG+DQVVRQ/&OLQLFDODQGVRFLDOQHHGVRIVFKL]R
SKUHQLFRXWSDWLHQWVOLYLQJLQWKHFRPPXQLW\WKHUHODWLRQVKLSEHWZHHQQHHGV
DQGVXEMHFWLYHTXDOLW\RIOLIH6RFLDO3V\FKLDWU\DQG3V\FKLDWULF(SLGHPLRO
RJ\
6ODGH0/HHVH07D\ORU5HWDO7KHDVVRFLDWLRQEHWZHHQQHHGV
DQG TXDOLW\ RI OLIH LQ HSLGHPLRORJLFDOO\ UHSUHVHQWDWLYH VDPSOH RI SDWLHQWV
ZLWKSV\FKRVLV$FWD3V\FKLDWULFD6FDQGDQDYLFD
/DVDOYLD$5XJJHUL00D]]L0$HWDO7KHSHUFHSWLRQRIQHHGV
IRU FDUH LQ VWDII DQG SDWLHQWV LQ FRPPXQLW\EDVHGPHQWDO KHDOWK VHUYLFHV
7KH6RXWK9HURQD2XWFRPH3URMHFW$FWD3V\FKLDWULFD6FDQGDQDYLFD

%DQN3DQG6LON.$[LV,DQGD[LV,,LQWHUDFWLRQV&XUUHQW2SLQLRQLQ
3V\FKLDWU\
32
3V\FKRORJLFDO)XQFWLRQLQJ,PSURYHPHQWDIWHU*URZWK
+RUPRQH7KHUDS\LQ$GXOW*URZWK+RUPRQH'HILFLHQW
3DWLHQWV
/LQD/DVDLWH
,QVWLWXWHRI(QGRFULQRORJ\.DXQDV8QLYHUVLW\RI0HGLFLQH
/LWKXDQLD
2EMHFWLYHV*URZWKKRUPRQH*+UHSODFHPHQWWKHUDS\LPSURYHVSV\FKR
ORJLFDOIXQFWLRQLQJDQGTXDOLW\RIOLIHLQDGXOW*+GH¿FLHQWSDWLHQWVKRZ
HYHUGHWDLOVRIWKHVHHIIHFWVDUHFRQWURYHUVLDODQGQHHGVIXUWKHULQYHVWLJDWLRQ
2EMHFWLYHRI WKLV VWXG\ZDV WRGHWHUPLQHSV\FKRORJLFDO FKDQJHV DIWHU*+
UHSODFHPHQWWKHUDS\
0HWKRGV(LJKWHHQDGXOW*+GH¿FLHQWSDWLHQWVDJHG\HDUVZHUHUH
FUXLWHGIRU*+UHSODFHPHQWWKHUDS\5HFRPELQDQW*+SUHSDUDWLRQ%LRVRPD
-69³%LRID´/LWKXDQLDZDVDGPLQLVWHUHG LQGRVHVRI,8SHUZHHNLQ
RSHQ GHVLJQ0RRG FKDQJHVZHUH DVVHVVHG E\ WKH 3UR¿OH RI0RRG 6FDOH
3206 FRJQLWLYH IXQFWLRQV ZHUH DVVHVVHG E\ WKH 'LJLW 6\PERO '6
7HVW4XDOLW\RIOLIHZDVGHWHUPLQHGE\4XHVWLRQQDLUHIRU3HUVRQVZLWK*+
'H¿FLHQF\+RUPRQH FRQFHQWUDWLRQV LQ EORRGZHUHPHDVXUHGE\ UDGLRLP
PXQRDVVD\5,$PHWKRG
5HVXOWV 0RRG DQG RQ FRJQLWLYH SHUIRUPDQFH LPSURYHG DIWHU  PRQWKV
RI *+ UHSODFHPHQW WKHUDS\ ,PSURYHPHQW ZDV VWDWLVWLFDOO\ VLJQL¿FDQW RQ
3206 *OREDO VFRUH  YV  S  DQG RQ 3206 &RQIX
VLRQ%HZLOGHUPHQW VXEVFDOH  YV S  DVZHOO DV RQ
'6 WHVW YVS &KDQJHV LQ4XDOLW\RI/LIH VFDOHZHUH
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
QRWVLJQL¿FDQW$IWHU*+DGPLQLVWUDWLRQFRQFHQWUDWLRQVRIIUHHWK\UR[LQHGH
FUHDVHGSPROOYVSPROOS DQGFRQFHQWUDWLRQV
RIWULLRGRWK\URQLQHLQFUHDVHGQPROOYVQPROOS 
LQFRPSDULVRQWREDVDOFRQVHQWUDWLRQV7KHUHZHUHQRVLJQL¿FDQWGLIIHUHQFHV
LQFKDQJHVRIFRUWLVROWK\URWURSLQDQGJURZWKKRUPRQHFRQFHQWUDWLRQVDIWHU
*+UHSODFHPHQW
&RQFOXVLRQV7KH VWXG\ VKRZV WKDW*+ UHSODFHPHQW LPSURYHVPRRG DQG
FRJQLWLRQLQDGXOW*+GH¿FLHQWSDWLHQWV&KDQJHVLQWK\URLGKRUPRQHFRQ
FHQWUDWLRQVUHVHPEOHWKRVHFDXVHGE\DQWLGHSUHVVDQWV5DQGRPL]HGGRXEOH
EOLQGSODFHERFRQWUROOHGVWXGLHVDUHQHHGHGWRFRQ¿UPEHQH¿FLDOHIIHFWVRI
*+UHSODFHPHQWRQSV\FKRORJLFDOIXQFWLRQLQJ
32
,QGXFWLRQRI$SRSWRVLVE\WKH1HXUROHSWLF&KORUSURPD]LQH
,ULV0DXUHU
'HSWRI3V\FKLDWU\)ULHGULFK6FKLOOHU8QLYHUVLW\RI-HQD
*HUPDQ\
$QGUHDV$VFKRII*XVWDY-LULNRZVNL
2EMHFWLYHV$FFXPXODWLQJ HYLGHQFH VXJJHVWV WKDW QHXUROHSWLFV PD\ KDYH
GHWULPHQWDOHIIHFWVRQPLWRFKRQGULDDQGPD\DOWHUPLWRFKRQGULDOR[LGDWLYH
SKRVSKRU\ODWLRQLQYLWURDQGLQYLYR,WZDVVKRZQWKDWQHXUROHSWLFVLQKLELW
PLWRFKRQGULDO UHVSLUDWRU\ FKDLQ HQ]\PH FRPSOH[ , DQG WR D OHVVHU H[WHQW
FRPSOH[,9LQDGRVHGHSHQGHQWPDQQHU,PSDLUPHQWRIR[LGDWLYHSKRVSKR
U\ODWLRQPD\OHDGWRDGHFUHDVHLQHQHUJ\JHQHUDWLRQDQGXOWLPDWHO\WRWKH
RSHQLQJRIWKHPLWRFKRQGULDOSHUPHDELOLW\WUDQVLWLRQSRUHDQGDFWLYDWLRQRI
FHOOGHDWK SDWKZD\V7KH DLP RI WKH VWXG\ZDV WR GHWHUPLQHZKHWKHU WKH
FODVVLFQHXUROHSWLFFKORUSURPD]LQHPD\LQGXFHDSRSWRVLV
0HWKRGV$IWHU GLIIHUHQWLDWLRQ RI 3& SKDHRFKURPRF\WRPD FHOOV IRU 
GD\VFHOOVZHUH LQFXEDWHGZLWKYDU\LQJFRQFHQWUDWLRQVRIFKORUSURPD]LQH
UDQJLQJIURP0WR0RYHUKRXUV,QVLWXHQGODEHOLQJZLWKEUR
PRGHVR[\XULGLQZDV SHUIRUPHG DQG H[SUHVVLRQ RI WUDQVJOXWDPLQDVH S
SSDQGRI3&1$ZDVDVVHVVHGE\LPPXQRF\WRFKHPLVWU\,QDGGLWLRQ
WUDQVPLVVLRQHOHFWURQPLFURVFRSLFDQDO\VHVZHUHSHUIRUPHG
5HVXOWV$WDFRQFHQWUDWLRQRI0DFXWHPRUSKRORJLFDOFKDQJHVFRQ
VLVWHQWZLWKDSRSWRVLVRFFXUUHG LQFOXGLQJVKULQNLQJRIFHOOVFRQGHQVDWLRQ
RIF\WRSODVPDQGSODVPDOHPPDOEOHEELQJ$W ORZHUFRQFHQWUDWLRQV WKHUH
ZHUHQRDSSDUHQWPRUSKRORJLFDOFKDQJHVDIWHUKRXUVKRZHYHUDQDO\VHV
UHYHDOHG QXFOHDU '1$ IUDJPHQWDWLRQ DQG H[SUHVVLRQ RI WUDQVJOXWDPLQDVH
DW ERWK  0 DQG  0 7UDQVPLVVLRQ HOHFWURQ PLFURVFRSLF DQDO\VLV
UHYHDOHG DOWHUDWLRQV LQ PLWRFKRQGULDO PRUSKRORJ\ DQG GLVDSSHDUDQFH RI
PLFURWXEXOHV
&RQFOXVLRQV7KHUHVXOWVVXJJHVWWKDWWKHQHXUROHSWLFFKORUSURPD]LQHPD\
LQGXFHDSRSWRVLVLQYLWUR:KHWKHUWKHVHREVHUYDWLRQVDUHDOVRDSSOLFDEOHLQ
YLYRPD\GHSHQGRQZKHWKHUFHUWDLQGUXJFRQFHQWUDWLRQVZLOOEH UHDFKHG
LQKXPDQEUDLQFRUWH[DIWHUDGPLQLVWUDWLRQRIWKHGUXJ7KHUHVXOWVUDLVHWKH
SRVVLELOLW\ WKDWSURORQJHGXVHRIQHXUROHSWLFVSRVVLEO\RYHUGHFDGHVPD\
FRQWULEXWHWRWKHVXEWOHUHGXFWLRQRIEUDLQYROXPHREVHUYHGLQVFKL]RSKUHQLF
SDWLHQWV
32
/HEHU¶V+HUHGLWDU\2SWLF1HXURSDWK\0XWDWLRQZLWK
&RJQLWLYH,PSDLUPHQWDQG/LSRPDWRVLV
,ULV0DXUHU
'HSWRI3V\FKLDWU\)ULHGULFK6FKLOOHU8QLYHUVLW\RI-HQD
*HUPDQ\
0'HVFKDXHU.%DFKPDQQ6WHSKDQ=LHU]
2EMHFWLYHV /HEHUCV KHUHGLWDU\ RSWLF QHXURSDWK\ /+21 LV DPDWHUQDOO\
LQKHULWHGGLVHDVHWKDWFDXVHVELODWHUDODFXWHRUVXEDFXWHFHQWUDOYLVXDOORVV
DQGXOWLPDWHO\RSWLFDWURSK\SUHGRPLQDQWO\LQ\RXQJPHQ3ULPDU\SRLQW
PXWDWLRQVDWQXFOHRWLGHVDQGLQWKHPLWRFKRQGULDOJHQHV
HQFRGLQJSURWHLQVHVVHQWLDOWRR[LGDWLYHSKRVSKRU\ODWLRQKDEHEHHQDVVRFL
DWHGZLWKWKLVGLVRUGHU,QWKHPDMRULW\RISDWLHQWVZLWK/+21YLVXDOG\V
IXQFWLRQLVWKHRQO\VLJQL¿FDQWPDQLIHVWDWLRQRIWKHGLVHDVH6RPHSDWLHQWV
KRZHYHU PD\ KDYH FDUGLDF FRQGXFWLRQ DEQRUPDOLWLHV DQG SDOSLWDWLRQV
V\QFRSHVNHOHWDODEQRUPDOLWLHVDQGQHXURORJLFV\PSWRPVZHUHUHSRUWHGLQ
LQGLYLGXDOSDWLHQWV
&DVH:HSUHVHQWD\HDUROGPDOHZKRZDVUHIHUUHGEHFDXVHRILUULWDEOH
PRRGKRVWLOHEHKDYLRXULQFOXGLQJYHUEDODJJUHVVLRQDJLWDWLRQDQGUHVWOHVV
QHVV+HFRPSODLQHGRILQWHQVHKHDGDFKHV+HUHSRUWHGVHTXHQWLDOELODWHUDO
YLVXDO ORVV DW DJH  \HDUVZLWK D GHOD\ IURP WKH RQVHW RI YLVXDO ORVV LQ
WKH¿UVWDIIHFWHGH\HWRWKHRQVHWLQWKHVHFRQGH\HRIWZRPRQWKV+HKDG
PDUNHGFRJQLWLYHLPSDLUPHQWDVDVVHVVHGE\DQHXURSV\FKRORJLFDOWHVWEDW
WHU\'XHWRKLVOLPLWHGFRJQLWLYHDELOLW\KHKDGFRPSOHWHGRQO\\HDUVRI
IRUPDOHGXFDWLRQDWVFKRRO2QSK\VLFDOH[DPLQDWLRQWKHUHZHUHQRQHXUR
ORJLFDO DEQRUPDOLWLHV+RZHYHU KHKDGPXOWLSOH OLSRPDVRI YDU\LQJ VL]HV
PDLQO\DWKLVFKHVWDQGEDFNRIZKLFKRYHUWKH\HDUVVRPHKDGDOUHDG\EHHQ
VXUJLFDOO\ UHPRYHGEHFDXVHRI UDSLGHQODUJHPHQW%RWKEORRGDQGPXVFOH
ELRSV\WLVVXHZHUHDQDO\]HGDQGWHVWHGSRVLWLYHIRUWKHPXWDWLRQFRQ
¿UPLQJ WKH LQLWLDOGLDJQRVLVRI/HEHUCVKHUHGLWDU\RSWLFQHXURSDWK\7KHUH
ZDV QR DGGLWLRQDOPXWDWLRQ DW  DQG QRPLWRFKRQGULDO'1$GHOHWLRQV
ZHUHGHWHFWHG
&RQFOXVLRQV7KHFDVHUHSRUWHGRQKHUHGHVFULEHVIRUWKH¿UVWWLPHWKHFOLQL
FDO SKHQRW\SH RI ELODWHUDO YLVXDO ORVV FRJQLWLYH LPSDLUPHQW DQGPXOWLSOH
OLSRPDV LQ D SDWLHQWZLWK WKH PXWDWLRQ7KH DVVRFLDWLRQ RI/HEHUCV
KHUHGLWDU\RSWLFQHXURSDWK\ZLWKFRJQLWLYHLPSDLUPHQWDQGOLSRPDWRVLVVXJ
JHVWVWKDWERWKEUDLQDQGIDWWLVVXHPD\DOVREHDIIHFWHGE\WKHLPSDLUPHQW
RIR[LGDWLYHSKRVSKRU\ODWLRQXQGHUO\LQJWKHGLVHDVH7KHFDVHUHSUHVHQWVDQ
DGGLWLRQDOPDQLIHVWDWLRQ RI WKH H[SDQGLQJ FOLQLFDO VSHFWUXP RIPLWRFKRQ
GULDOGLVHDVHV
32
&KDUDFWHULVWLFVRI(PRWLRQDO5HODWHG&RJQLWLYH)XQFWLRQLQ
3DWLHQWVZLWK6OHHS$SQHD6\QGURPHXVLQJ(YHQW5HODWHG
3RWHQWLDOVDDQG([SORUDWRU\(\H0RYHPHQWV&RPSDULVRQ
ZLWK+HDOWK\6XEMHFWV
6DFKLNR1LVKLXUD
'HSDUWPHQWRI3V\FKLDWU\.XUXPH8QLYHUVLW\-DSDQ
.LLFKLUR0RULWD0LWVXQDUL+DEXNDZD+LURNR<DPDPRWR
,QWURGXFWLRQ (YHQWUHODWH SRWHQWLDOV (53V DQG H[SORUDWRU\ H\H PRYH
PHQWV ((0V KDYH EHHQ VWXGLHG WR HYDOXDWH FRJQLWLYH IXQFWLRQ SV\FKR
SK\VLRORJLFDOO\LQSDWLHQWVZLWKPHQWDOGLVRUGHUVVXFKDVVFKL]RSKUHQLDDQG
GHPHQWLD 5HFHQWO\ WKH SDWLHQWVZLWK VOHHS DSQHD V\QGURPH 6$6  KDYH
DGLI¿FXOW\LQGDLO\OLIHDVWKHUHVXOWRILPSDLUPHQWVRIFRJQLWLYHIXQFWLRQ
+RZHYHUWKHUHZHUHRQO\IHZUHSRUWVRQFRJQLWLYHIXQFWLRQLQ6$6SDWLHQWV
7KHSUHVHQWVWXG\ZDVSHUIRUPHGWRH[DPLQHWKHHIIHFWVRIIDFLDODIIHFWLYH
VWLPXOLRQYLVXDO(53VDQG((0VLQSDWLHQWVZLWK6$6
0HWKRGV 9LVXDO (53V ZHUH UHFRUGHG XVLQJ DQ RGGEDOO SDUDGLJP LQ 
SDWLHQWVDQGDJHDQGVH[PDWFKHGKHDOWK\VXEMHFWV(53VZHUHREWDLQHG
DW)]&]3]2]7DQG7HOHFWURGHV$FU\LQJRUDVPLOLQJEDE\SKRWR
JUDSKZDVXVHGDVWKHWDUJHWVWLPXOLZKLOHDQHXWUDOEDE\SKRWRJUDSKZDVWKH
QRQWDUJHWVWLPXOL$VGRXEOHWDVNVDOOVXEMHFWVZHUHDVNHGWRSXVKDEXWWRQ
DQGPHQWDOFRXQWWRWDUJHWVWLPXOL((0VZHUHUHFRUGHGXVLQJDQH\HPDUN
UHFRUGHU$OO VXEMHFWVZHUH LQVWUXFWHG WR JD]H WKH VDPHEDE\SKRWRJUDSKV
GHVFULEHG DERYH 7KH JD]LQJ SRLQW ZDV GHWHUPLQHG IURP D JD]LQJ WLPH
H[FHHGLQJV((0VZDVDQDO\]HGIRUWRWDOH\HVFDQQLQJOHQJWK7(6/
7KUHHZD\ DQG WZRZD\$129$ZHUH SHUIRUPHG IRU VWDWLVWLFDO DQDO\VLV
)LVKHU3/6'ZDVXVHGDVDSRVWKRF WHVW WRHVWLPDWHVLJQL¿FDQFH 
7KH(WKLFV&RPPLWWHHRI.XUXPH8QLYHUVLW\ DSSURYHG WKH VWXG\:ULWWHQ
LQIRUPHGFRQVHQWZDVREWDLQHGIURPDOOVXEMHFWVSULRUWRWKHVWXG\
5HVXOWV7KH3DPSOLWXGHZKHQYLHZLQJDVPLOLQJEDE\ZDVVPDOOHUWKDQ
WKDWZKHQYLHZLQJDFU\LQJEDE\IRUKHDOWK\FRQWUROV+RZHYHUIRUSDWLHQWV
WKH3 DPSOLWXGHZDV WKH VDPHZKHQ YLHZLQJ D VPLOLQJ EDE\ DVZKHQ
YLHZLQJDFU\LQJEDE\7KH3ODWHQF\LQSDWLHQWVIRUWKHERWKDIIHFWLYH
VWLPXOLZDV VLJQL¿FDQWO\ ORQJHU WKDQ WKRVH LQ KHDOWK\ FRQWUROV7KH 3
ODWHQF\ZDVVLJQL¿FDQWO\DQGSRVLWLYHO\FRUUHODWHGZLWK WKHYDOXHVRI$+,
DSQHDK\SQHDLQGH[8VLQJWKH((0VWKH7(6/ZKHQYLHZLQJDVPLOLQJ
EDE\ZDVORQJHUWKDQWKDWZKHQYLHZLQJDFU\LQJIRUKHDOWK\VXEMHFWV+RZ
HYHUWKH7(6/ZKHQYLHZLQJRIDVPLOLQJEDE\ZDVVLPLODUWKDWWKDWZKHQ
YLHZLQJDFU\LQJEDE\IRUSDWLHQWV
&RQFOXVLRQV7KHVHUHVXOWVLQGLFDWHWKDWSDWLHQWVZLWK6$6KDYHFRJQLWLYH
LPSDLUPHQW DQG WKDW (53V DQG ((0V DUH D ELRORJLFDO PDUNHU XVHIXO IRU
HYDOXDWLRQRISDWLHQWVZLWK6$67KHVHGLIIHUHQFHVRI WKHHIIHFWVRI IDFLDO
DIIHFWLRQRQ WKHYLVXDO(53VDQG WKH((0VPD\ UHÀHFWGLIIHUHQFHV LQ LQ
IRUPDWLRQSURFHVVLQJUHVXOWLQJIURPHPRWLRQDOLQÀXHQFHVFDXVHGE\YLVXDO
DIIHFWLYHVWLPXOL
5HIHUHQFHV
,QRXH<1DQED.HWDO3DEQRUPDOLWLHVLQSDWLHQWVZLWKVHYHUH
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
7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
VOHHSDSQHDV\QGURPH3V\FKLDWU\&OLQQHXURVFL
/DQJ6)1HOVRQ&$DQG&ROOLQV3)(YHQWUHODWHGSRWHQWLDOVWRHPR
WLRQDODQGQHXWUDOVWLPXOL-&OLQ([S1HXURSV\FKRO
0DHGD+0RULWD.HWDO$PSOLWXGHDQGDUHDRIWKHDXGLWRU\3
UHFRUGHGZLWKH\HVRSHQUHÀHFWUHPLVVLRQRIVFKL]RSKUHQLD%LRO3V\FKLDWU\

3ROLFK-3LQFOLQLFDODSSOLFDWLRQ0HDQLQJPHWKRGDQGPHDV
XUHPHQW$P-((*7HFKQRO
.RMLPD70DWVXVKLPD(HWDO(\HPRYHPHQWLQDFXWHFKURQLFDQG
UHPLWVFKL]RSKUHQLFV%LRO3V\FKLDWU\
32
&KDUDFWHULVWLFVRI(PRWLRQDO5HODWHG&RJQLWLYH)XQFWLRQ
LQ3DWLHQWVDIWHU%UDLQ,QMXU\(YDOXDWLQJ%\9LVXDO(YHQW
5HODWHG3RWHQWLDOV([SORUDWRU\(\H0RYHPHQWV&RPSDULVRQ
ZLWK+HDOWK\6XEMHFWV
<RVKLKLVD6KRML
&RJQLWLYHDQG0ROHFXODU5HVHDUFK,QVWLWXWHRI%UDLQ'LVHDVHV
.XUXPH8QLYHUVLW\'HSDUWPHQWRI1HXURSV\FKLDWU\.XUXPH
8QLYHUVLW\-DSDQ
.LLFKLUR0RULWD7RVKLPDVD0DWVXRND+LURNR<DPDPRWR
1LVKLXUD60DHGD+
,QWURGXFWLRQ(YHQWUHODWHGSRWHQWLDOV(53VDQG([SORUDWRU\H\HPRYH
PHQWV ((0V KDYH EHHQ VWXGLHG DV D ELRORJLF PDUNHU RI LQIRUPDWLRQ
SURFHVVLQJ0DQ\ VWXGLHV LQ SDWLHQWVZLWKPHQWDO GLVRUGHUV KDYH EHHQ UH
SRUWHGRQ(53VEXWOLWWOHLVNQRZQDERXWWKH3DWLHQWVZLWKEUDLQLQMXU\7KH
SUHVHQWVWXG\ZDVWRLQYHVWLJDWHWKHFKDUDFWHULVWLFVRIYLVXDO(53VDQG((0V
LQSDWLHQWVZLWKKLJKHUEUDLQG\VIXQFWLRQDIWHUEUDLQLQMXU\
0HWKRGV9LVXDO(53VDQG((0VZHUHUHFRUGHGXVLQJDQRGGEDOOSDUDGLJP
LQ  SDWLHQWV DQG  DJHPDWFKHG KHDOWK\ VXEMHFWV7KH 3 DPSOLWXGH
DQG ODWHQF\ DV ZHOO DV WKH VXEMHFW¶V UHDFWLRQ WLPH ZHUH UHFRUGHG ((0V
ZHUHUHFRUGHGXVLQJDQH\HPDUNUHFRUGHU$OOVXEMHFWVZHUHLQVWUXFWHGWR
JD]HWKHVDPHEDE\SKRWRJUDSKVGHVFULEHGDERYH((0VZHUHDQDO\]HGIRU
WRWDO H\H VFDQQLQJ OHQJWK 7(6/7KUHHZD\DQG WZRZD\$129$ZHUH
SHUIRUPHGIRUVWDWLVWLFDODQDO\VLV)LVKHU3/6'ZDVXVHGDVDSRVWKRFWHVWWR
HVWLPDWHVLJQL¿FDQFH7KH(WKLFV&RPPLWWHHRI.XUXPH8QLYHUVLW\
DSSURYHGWKHVWXG\:ULWWHQLQIRUPHGFRQVHQWZDVREWDLQHGIURPDOOVXEMHFWV
SULRUWRWKHVWXG\
5HVXOWV ,QKHDOWK\FRQWUROV WKH3DPSOLWXGHZKHQYLHZLQJD VPLOLQJ
EDE\ZDV VPDOOHU WKDQ WKDWZKHQ YLHZLQJ D FU\LQJ EDE\+RZHYHU WKHUH
ZDV QR GLIIHUHQFH EHWZHHQ WKH VPLOLQJ EDE\ DQG FU\LQJ EDE\ LQ SDWLHQWV
7KH3ODWHQF\LQSDWLHQWVZDVVLJQL¿FDQWO\ORQJHUWKDQWKRVHLQKHDOWK\
FRQWUROV IRU WKH ERWK IDFLDO VWLPXOL 3DWLHQWV VKRZHG VKRUWHU 7(6/ WKDQ
KHDOWK\FRQWUROVGLG,QSDWLHQWVWKHUHZDVQRVLJQL¿FDQWGLIIHUHQFHLQ7(6/
EHWZHHQ WKH FU\LQJ IDFH DQG VPLOLQJ IDFH+RZHYHU7(6/ZKHQYLHZLQJ
WKHVPLOLQJIDFHZDVVLJQL¿FDQWO\ORQJHUWKDQWKDWZKHQYLHZLQJWKHFU\LQJ
IDFHLQFRQWUROV
&RQFOXVLRQV7KHVHUHVXOWV LQGLFDWHWKDW WKHSDWLHQWVOLNHO\KDYHFRJQLWLYH
G\VIXQFWLRQ DQG WKDW (53V DQG ((0V DUH XVHIXO ELRORJLFDO PDUNHUV IRU
HYDOXDWLRQRISDWLHQWV7KHVH UHVXOWVDOVRVXJJHVW WKDW WKH3DQG7(6/
DUHLQÀXHQFHGE\IDFLDODIIHFWLYHH[SUHVVLRQVDQGWKDWWKHHIIHFWVDUHGLIIHU
HQWLQSDWLHQWV
5HIHUHQFHV
/DQJ 6)1HOVRQ&$&ROOLQV 3) (YHQWUHODWHG SRWHQWLDOV WR HPR
WLRQDODQGQHXWUDOVWLPXOL-&OLQ([S1HXURSV\FKRO
0DHGD+0RULWD.HWDO$PSOLWXGHDQGDUHDRIWKHDXGLWRU\3
UHFRUGHGZLWKH\HVRSHQUHÀHFWUHPLVVLRQRIVFKL]RSKUHQLD%LRO3V\FKLD
WU\
3ROLFK-3 LQFOLQLFDODSSOLFDWLRQ0HDQLQJPHWKRGDQGPHDV
XUHPHQW$P-((*7HFKQRO
6DQJDO5%6DQJDO-0&ORVHGKHDGLQMXU\SDWLHQWVZLWKPLOGFRJQL
WLYHFRPSODLQWVZLWKRXWQHXURORJLFDORUSV\FKLDWULF¿QGLQJVKDYHDEQRUPDO
YLVXDOSODWHQFLHV%LROR3V\FKLDWU\
32
1HXUR&RJQLWLYH)XQFWLRQVLQ3DWLHQWVRI6RPDWRIRUP
'LVRUGHU
-LWHQGUD.XPDU7ULYHGL
'HSDUWPHQWRI3V\FKLDWU\.*0HGLFDO8QLYHUVLW\/XFNQRZ
,QGLD
5DMXO7DQGRQ$QDQG3UDWDS6LQJK
2EMHFWLYHV7RDVVHVV WKHQHXURFRJQLWLYH IXQFWLRQV LQ WKHSDWLHQWVRI VR
PDWRIRUPGLVRUGHU
0HWKRGVSDWLHQWVPHHWLQJWKH'60,9FULWHULDIRUVRPDWRIRUPGLVRUGHU
ZHUHDVVHVVHGXVLQJWHVWIRUH[HFXWLYHIXQFWLRQVRQ:LVFRQVLQ&RUG6RUWLQJ
7HVW:&67SHUIRUPDQFHRQFRQWLQXRXVWDVNVRQ&RQWLQXRXV3HUIRUPDQFH
7HVW&37DQG6SDWLDO:RUNLQJ0HPRU\RQ6SDWLDO:RUNLQJ0HPRU\7HVW
6:07DOOFRPSXWHUEDVHG)LIWHHQFRQWUROVDJHDQGVH[PDWFKHGZHUH
DOVRDVVHVVHG$OOWKHSDWLHQWVDQGFRQWUROVZHUHHGXFDWHGDWOHDVWXSWRWK
VWDQGDUG
5HVXOWV7KHSDWLHQW¶VSHUIRUPDQFHZDVLPSDLUHGRQ:&67LPSO\LQJSRRU
H[HFXWLYH IXQFWLRQVDVFRPSDUHG WRFRQWUROV LQGLFDWLQJH[LVWLQJFRJQLWLYH
GH¿FLWV 7KH SHUIRUPDQFH RQ WHVWV RI DWWHQWLRQ FRQFHQWUDWLRQ ZDV DOVR
VLJQL¿FDQWO\SRRUIURPWKHPDWFKHGFRQWUROV2QWKH0HPRU\WHVWKRZHYHU
VLJQL¿FDQWGLIIHUHQFHZDVIRXQGRQO\LQGHOD\HGUHWULHYDODQGQRWDWLPPHGL
DWHUHFDOO
&RQFOXVLRQV 7KH HQGXULQJ GH¿FLWV RQ H[HFXWLRQ IXQFWLRQV DWWHQWLRQ
FRQFHQWUDWLRQ DQGPHPRU\PD\ EH FRQWULEXWLQJ LQ WKH SRRU SV\FKRVRFLDO
IXQFWLRQLQJLQSDWLHQWVRIVRPDWRIRUPGLVRUGHUV
5HIHUHQFHV
1LHPL303RUWLQ5$DOWR6+DNDOD0.DUOVVRQ+&RJQLWLYH
IXQFWLRQLQJLQVHYHUHVRPDWL]DWLRQDSLORWVWXG\$FWD3V\FKLDWULFD6FDQGL
QDYLFD9ROLVVXHSS
:HDUGHQ$$SSOHE\/ &RJQLWLYH SHUIRUPDQFH DQG FRPSODLQWV RI
FRJQLWLYH LPSDLUPHQW LQ FKURQLF IDWLJXH V\QGURPH &)6 3V\FKRO 0HG
-DQ
32
&RJQLWLRQDQG%'1)*HQH3RO\PRUSKLVPVLQ+HDOWK\
6XEMHFWV
0RQLND:LONRVF
&OLQLFDO1HXURSV\FKRORJ\8QLW1LFRODXV&RSHUQLFXV8QLYHUVLW\
7RUXQ&ROOHJLXP0HGLFXP%\GJRV]F]3RODQG
0DUWD7RPDV]HZVND$OLQD%RUNRZVND0DULD6NLELQVND
$OHNVDQGUD6]F]HSDQNLHZLF]3LRWU0&]HUVNL-RDQQD+DXVHU
-DQXV].5\EDNRZVNL
2EMHFWLYHV %UDLQGHULYHG 1HXURWURSKLF )DFWRU %'1) KDV EHHQ LPSOL
FDWHGLQFRJQLWLYHIXQFWLRQV5HFHQWVWXGLHVVKRZHGDQDVVRFLDWLRQEHWZHHQ
%'1) JHQH SRO\PRUSKLVP DQG SUHIURQWDO FRJQLWLYH IXQFWLRQV LQ PDMRU
SV\FKRVHV$OVRDQDVVRFLDWLRQEHWZHHQWKLVSRO\PRUSKLVPDQGQRQYHUEDO
,4LQKHDOWK\VXEMHFWVZDVGHPRQVWUDWHG7KHDLPRIWKHVWXG\ZDVWRDVVHVV
DQDVVRFLDWLRQEHWZHHQSHUIRUPDQFHRQSUHIURQWDOQHXURSV\FKRORJLFDOWHVWV
DQGWZRNLQGVRI%'1)JHQHSRO\PRUSKLVPLQKHDOWK\VXEMHFWV
0HWKRGV1LQHW\KHDOWK\VXEMHFWVPDOHIHPDOHDJHGPHDQ
\HDUVSDUWLFLSDWHGLQWKHVWXG\3UHIURQWDOQHXURSV\FKRORJLFDOWHVWV
LQFOXGHG:LVFRQVLQ &DUG 6RUWLQJ 7HVW 7UDLO 0DNLQJ 7HVW 6WURRS &RORU
:RUG ,QWHUIHUHQFH7HVW DQG1EDFN WHVW$OO VXEMHFWVZHUH JHQRW\SHG IRU
%'1)JHQH9DO0HWDQG±&7SRO\PRUSKLVPV
5HVXOWV$GLIIHUHQFHZLOOEHSUHVHQWHGLQWKHSHUIRUPDQFHRQWKHDERYHWHVWV
EHWZHHQKHDOWK\VXEMHFWVZLWK9DO9DOYV9DO0HW0HW0HWSRO\PRUSKLVP
DVZHOODVEHWZHHQ&&DQG&777SRO\PRUSKLVP7KHDQDO\VLVRIYDUL
DQFHZLOOEHSHUIRUPHGXVLQJJHQGHUDJHDQGHGXFDWLRQOHYHODVFRYDULDWHV
&RQFOXVLRQV 7KLV LV WKH ¿UVW VWXG\ RI WKH UHODWLRQVKLS EHWZHHQ %'1)
SRO\PRUSKLVPVDQGSUHIURQWDOQHXURSV\FKRORJLFDOWHVWVLQKHDOWK\VXEMHFWV
7KHUHVXOWVREWDLQHGPD\KHOSLQWHUSUHWLQJGDWDFRQFHUQLQJWKHDVVRFLDWLRQ
RIWKHVHWHVWVDQG%'1)SRO\PRUSKLVPVLQVFKL]RSKUHQLDDQGELSRODUPRRG
GLVRUGHU
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
32
7KH5ROHRIWKH7XEHURLQIXQGLEXODU'RSDPLQHUJLF3DWKZD\LQ
WKH5HJXODWLRQRI&\WRFKURPH3
-DFHN:yMFLNRZVNL
3ROLVK$FDGHP\RI6FLHQFHV,QVWLWXWHRI3KDUPDFRORJ\.UDNyZ
3RODQG
:ODG\VODZD$QQD'DQLHO
2EMHFWLYHV *HQHV HQFRGLQJ GLIIHUHQW F\WRFKURPH 3 LVRHQ]\PHV
&<3VDUHUHJXODWHGE\HQGRJHQRXVKRUPRQHVSLWXLWDU\KRUPRQHVWK\URLG
KRUPRQHVJOLFRFRUWLFRLGVVH[KRUPRQHVDQGE\WKHLPPXQHV\VWHPF\
WRNLQHVDOORIWKHPEHLQJXQGHUWKHFRQWURORIWKHFHQWUDOQHUYRXVV\VWHP
7KHDLPRIWKHSUHVHQWVWXG\ZDVWRLQYHVWLJDWHWKHLQÀXHQFHOHVLRQVRIWKH
EUDLQWXEHURLQIXQGLEXODUGRSDPLQHUJLFSDWKZD\RQWKHDFWLYLW\RI&<3VLQ
UDWOLYHU
0HWKRGV7KH WXEHURLQIXQGLEXODU SDWKZD\ZDV GDPDJHG E\ WKH LQMHFWLRQ
RIK\GUR[\GRSDPLQH2+'$PJNJDQGDVFRUELFDFLGPJ
LQPORISK\VLRORJLFDOVDOLQHLQWRUDWWDLOYHLQ7RSURWHFWQRUDGUHQHUJLF
QHXURQVGHVLSUDPLQH'0,ZDVLQMHFWHGLSLQDGRVHRIPJNJPLQ
EHIRUH 2+'$ DGPLQLVWUDWLRQ 7KH DQLPDOV ZHUH LQMHFWHG RQFH RU RQ
WZRFRQVHFXWLYHGD\VDQGZHUHDOORZHGWRVXUYLYHIRUKRUGD\VDIWHU
WKH ¿UVW LQMHFWLRQ UHVSHFWLYHO\&RQWURO UDWV UHFHLYHG WKH VDPH YROXPH RI
VDOLQH FRQWDLQLQJ DVFRUELF DFLG RU DVFRUELF DFLG SOXV'0,&<3 LVRIRUP
DFWLYLWLHVZHUHDVVHVVHGLQOLYHUPLFURVRPHVE\PHDVXULQJWKHUDWHRIWHVWR
VWHURQHK\GUR[\ODWLRQLQSRVLWLRQVĮ&<3$ȕ&<3%ĮDQGĮ
&<3&DVZHOODVȕDQGȕ&<3$7KHDPRXQWRIWKHPHWDEROLWHV
IRUPHGLQYLWURZDVDVVD\HGXVLQJDQ+3/&PHWKRG
5HVXOWV)RUW\HLJWKKRXUVDIWHU WKH OHVLRQRI WKH WXEHURLQIXQGLEXODUSDWK
ZD\RQO\WKHDFWLYLW\RI&<3%ZDVVLJQL¿FDQWO\LQKLELWHGXSWRRI
WKHFRQWURO6HYHQGD\VDIWHUOHVLRQLQJWKHGRSDPLQHUJLFSDWKZD\VWDWLVWL
FDOO\VLJQL¿FDQWLQKLELWLRQRI&<3%&<3&DQG&<3$DFWLYLWLHVZDV
REVHUYHGXSWRRIWKHFRQWURO&<3$DFWLYLW\ZDVQRWFKDQJHGDW
HLWKHUWLPHLQWHUYDO
&RQFOXVLRQV7KHREWDLQHGUHVXOWVVXJJHVWWKDWWKHG\VIXQFWLRQRIWKHWXEHU
RLQIXQGLEXODUGRSDPLQHUJLFSDWKZD\HJGXULQJDORQJWHUPWKHUDS\ZLWK
QHXUROHSWLFVPD\OHDGWRDVLJQL¿FDQWGHFUHDVHLQ&<3LVRIRUPDFWLYLWLHV
6XFKGHFUHDVHVLQHQ]\PHDFWLYLWLHVPD\EHRISK\VLRORJLFDODQGWR[LFRORJL
FDOVLJQL¿FDQFHVLQFH WKH WHVWHG&<3VFDWDO\]H WKHPHWDEROLVPRIHQGRJ
HQRXVVXEVWDQFHVVWHURLGVSV\FKRWURSLFVDQGPDQ\RWKHUGUXJV
32
+\SQRWLFV'LVFRQWLQXDWLRQGXULQJ&RJQLWLYH%HKDYLRXUDO
7KHUDS\RI,QVRPQLD
/XFLH=DYHVLFND
3V\FKLDWULF&HQWHU3UDJXH&]HFK5HSXEOLF
0LORV0DWRXVHN0DUWLQ%UXQRYVN\.DWHULQD(VSD&HUYHQD
2EMHFWLYHV7KHDLPRIWKHVWXG\ZDVWRREMHFWLYHO\HYDOXDWHWKHHIIHFWRI
RIK\SQRWLFVGLVFRQWLQXDWLRQRQWKHUHVXOWVRIFRJQLWLYHEHKDYLRXU WKHUDS\
&%7LQFKURQLFLQVRPQLD
0HWKRGV$OWRJHWKHURXWSDWLHQWVZLWKGLDJQRVLV1RQRUJDQLF,QVRPQLD
)ZHUHLQFOXGHGLQWKHVWXG\&%7ZDVDSSOLHGLQPLQVHVVLRQV
RQH VHVVLRQSHUZHHN%HIRUHDQGDIWHU WKH WKHUDSHXWLFSHULRGRIZHHNV
GXUDWLRQ D ZKROHQLJKW SRO\VRPQRJUDSK\ ZDV GRQH 7KH WKHUDSHXWLF HI
IHFW ZDV GH¿QHG DV GLIIHUHQFH EHWZHHQ WKH UHVSHFWLYH SRO\VRPQRJUDSKLF
YDULDEOHVDVREWDLQHGEHIRUHDQGDIWHUWKHWKHUDS\7KHWKHUDSHXWLFHIIHFWLQ
DVXEJURXSRISDWLHQWVGLVFRQWLQXLQJWKHLUFKURQLFLQWDNHRI,,,JHQHUD
WLRQK\SQRWLFVZDVFRPSDUHGZLWKWKHWKHUDSHXWLFHIIHFWLQSDWLHQWVQRW
XVLQJK\SQRWLFV
5HVXOWV,QWKHZKROHJURXSRISDWLHQWVWKHWRWDOVOHHSWLPH767ZDV
SURORQJHG WKH VOHHS ODWHQF\ 6/ZDV VKRUWHQHG DQG WKH VOHHS HI¿FLHQF\
6(ZDVLQFUHDVHG:KLOHDVLJQL¿FDQWLPSURYHPHQWFRXOGEHVHHQLQERWK
VXEJURXSVDQDO\VLVRIYDULDQFHFRQ¿UPHGD IXUWKHUPRUH LPSURYHPHQW LQ
WKHVXEJURXSZKHUHK\SQRWLFVZHUHGLVFRQWLQXHGLQWKHFRXUVHRI&%7
&RQFOXVLRQV 2EMHFWLYH SRO\VRPQRJUDSKLF H[DPLQDWLRQ FRQ¿UPHG WKDW
K\SQRWLFVGLVFRQWLQXDWLRQLQFUHDVHVWKHWKHUDSHXWLFHIIHFWRI&%7LQFKURQLF
LQVRPQLD
32
&RJQLWLYH)XQFWLRQLQ1RQGHPHQWHG3RVWPHQRSDXVDO:RPHQ
ZLWKRUZLWKRXW(VWURJHQ5HSODFHPHQW7KHUDS\
%HRP:RR1DP
'HSDUWPHQWRI3V\FKLDWU\&ROOHJHRI0HGLFLQH
.RQNXN8QLYHUVLW\.RUHD
-HRQJ6HRN6HR6HRN:RR0RRQ(XQ-XQJ5\X
2EMHFWLYHV :H HYDOXDWHG WKH GLIIHUHQFH LQ FRJQLWLYH IXQFWLRQ EHWZHHQ
HVWURJHQ XVHUV DQG HVWURJHQ QRQXVHUV LQ QRQGHPHQWHG SRVWPHQRSDXVDO
ZRPHQ
0HWKRGV  HVWURJHQ XVHU DQG  QRQXVHU SDUWLFLSDWHG 7KH\ ZHUH DOO
PHQRSDXVDODQGQRQGHPHQWHG7RHYDOXDWHWKHFRJQLWLYHIXQFWLRQZHXVHG
WKH .%17%RVWRQ 1DPLQJ 7HVW .RUHDQ YHUVLRQ VLPLODULW\ WHVW RI .
:$,6:HFKVOHU$GXOW ,QWHOOLJHQFH6FDOH.RUHDQ YHUVLRQ 6576HOHFWLYH
5HPLQGLQJ7HVW
5HVXOWV (VWURJHQ XVHUV VKRZHG KLJKHU IXQFWLRQ LQ GHOD\HG UHFDOO DQG
DEVWUDFWWKLQNLQJ
&RQFOXVLRQV(VWURJHQ5HSODFHPHQW7KHUDS\PD\KHOSQRQGHPHQWHGSRVW
PHQRSDXVDOZRPHQWRPDLQWDLQFRJQLWLYHIXQFWLRQ
5HIHUHQFHV
0XOQDUG5$&RUUDGD00.DZDV&+(VWURJHQUHSODFHPHQWWKHUDS\
$O]KHLPHUµVGLVHDVHDQGPLOGFRJQLWLYHLPSDLUPHQW&XUU1HXURO1HXURVFL
5HS
+DVNHOO 6* 5LFKDUGVRQ (' 7KH HIIHFW RI UDOR[LIHQH RQ FRJQLWLYH
IXQFWLRQLQSRVWPHQRSDXVDOZRPHQDUDQGRPL]HGFOLQLFDOWULDO&RQQ0HG

.DQJ -+:HXYH - *URGVWHLQ ) 3RVWPHQRSDXVDO KRUPRQH WKHUDS\
DQGULVNRIFRJQLWLYHGHFOLQHLQFRPPXQLW\GZHOOLQJDJLQJZRPHQ1HXURO
RJ\-XO
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+RUPRQDO&RUUHODWHVRI3V\FKRORJLFDO6WDWHLQ5HFRYHUHG
6$563DWLHQWV
'DQLHO.ZHN
7DQ7RFN6HQJ+RVSLWDO6LQJDSRUH
0HOYLQ/HRZ$ODQ1J.&2QJ*UHJDU\.DZ/DZUHQFH/HH
2EMHFWLYHV:HHDUOLHUIRXQGWKDWWKHVHYHUHDFXWHUHVSLUDWRU\V\QGURPHKDV
VLJQL¿FDQWLPSDFWRQSV\FKRORJLFDOVWDWXVDQGKHDOWKUHODWHGTXDOLW\RIOLIH
:HZHQWRQ WRVWXG\ WKH UHODWLRQVKLSRI WKHSV\FKRORJLFDO IDFWRUVDQG WKH
HQGRFULQHSUR¿OHRIWKH6$56YLFWLPV
0HWKRGV 3DWLHQWV ZKR KDG UHFRYHUHG IURP 6$56 XQGHUZHQW HQGRFULQH
DQGSV\FKRORJLFDODVVHVVPHQWDWPRQWKVSRVWGLVFKDUJH7K\URLGIXQFWLRQ
VHUXP$&7+ '+($ IDVWLQJ VXJDU DQGPRUQLQJ FRUWLVRO DV ZHOO DV 
KRXUVXULQHFRUWLVROFRPSULVHGWKHHQGRFULQHDVVHVVPHQW3DUWLFLSDQWVDOVR
FRPSOHWHGWKH+$'6,(6DQG6&/VRPDWLFV\PSWRPVVXEVFDOH7KHVH
RXWFRPHVZHUHFRUUHODWHGXVLQJ6366DQDO\VLVSDFNDJH
5HVXOWV'+($OHYHOFRUUHODWHGZLWKVHYHUDOSV\FKRORJLFDOVFRUHVLQFOXGLQJ
,(6$YRLGDQFHVFRUHWKH+$'6$Q[LHW\VFRUHDQGV\PSWRPVRIZHDNQHVV
DQGOHWKDUJ\7KHPRUQLQJFRUWLVROOHYHOFRUUHODWHGZLWK,(6,QUXVLRQVFRUH
DQG+$'6'HSUHVVLRQVFRUHEXWQRQHRIWKHV\PSWRPFKHFNOLVWLWHPV7KH
KRXUIUHHFRUWLVRORQWKHRWKHUKDQGFRUUHODWHGZLWKVHYHUDOLWHPVRQWKH
6&/
&RQFOXVLRQV'+($PD\KDYHWKHDELOLW\WRFRXQWHUDFWWKHLPPXQRVXSSUHV
VLYHHIIHFWRIVWUHVVUHODWHGJOXFRFRUWLFRLGV,WLVKRZHYHURIWHQVXSSUHVVHG
LQWKHFDVHRIRYHUZKHOPLQJVWUHVVDVLQ376'7KHRYHUZKHOPLQJVWUHVV
LQWKHZDNHRID6$56RXWEUHDNPRVWOLNHO\DIIHFWHGWKH+3$D[LVOHDGLQJ
WRVXSSUHVVHG'+($PHWDEROLVPSRVVLEO\H[SODLQHGE\WKHVHQVLWLVDWLRQRI
WKH+3$D[LV7KLVLVOLNHO\WRKDYHLQÀXHQFHGWKHPRRGVWDWHDQGVHQVHRI
ZHOOEHLQJDQGPLJKWSUHGLVSRVHWRWKHGHYHORSPHQWRI)DWLJXH6\QGURPH
5HIHUHQFHV
<HKXGD5%LRORJ\RI3RVWWUDXPDWLF6WUHVV'LVRUGHU-RXUQDORI&OLQL
FDO3V\FKLDWU\6XSSO
.DVFNRZ -: %DNHU ' *HUDFLRWL 7' -U  &RUWLFRWURSLQUHOHDVLQJ
+RUPRQHLQ'HSUHVVLRQDQG3RVWWUDXPDWLF6WUHVV'LVRUGHU3HSWLGHV

.XUDWVXQH+<DPDJXWL.6DZDGD0.RGDWH60DFKLL7.DQDNXUD<.L
WDQL7'HK\GURHSLDQGURVWHURQHVXOIDWHGH¿FLHQF\LQ&KURQLF)DWLJXH
6\QGURPH,QWHUQDWLRQDO-RXUQDORI0ROHFXODU0HGLFLQH
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7KH&RUUHODWLRQEHWZHHQ3K\VLRORJLFDODQG3V\FKRORJLFDO
5HVSRQVHVWR2GRXU6WLPXODWLRQLQ+XPDQ6XEMHFWV
(OLDV.$QJHORSRXORV
3V\FKLDWULF&OLQLF(JLQLWLR+RVSLWDO$WKHQV8QLYHUVLW\([SHUL
PHQWDO1HXURSK\VLRORJ\DQG1HXURSKDUPDFRORJ\/DERUDWRU\RI
0HQWDO+HDOWK5HVHDUFK8QLYHUVLW\,QVWLWXWH8.
+DUD/6DUGL7LP-&-DFRE
2EMHFWLYHV 7R FRUUHODWH SK\VLRORJLFDO DQG SV\FKRORJLFDO UHVSRQVHV WR
RGRXUVWLPXODWLRQ
0HWKRGV 2OIDFWRU\ HYHQWUHODWHG SRWHQWLDOV 2(53ZHUH UHFRUGHG IURP
KXPDQVXEMHFWVLQUHVSRQVHWRGLIIHUHQWRGRXUSXOVHSURWRFROV3XOVHGXUD
WLRQDQGLQWHUVWLPXOXVLQWHUYDO,6,ZHUHYDULHGZKLOHWKHVXEMHFWVUHFRUGHG
SXOVHGHWHFWLRQE\DEXWWRQSUHVV
5HVXOWV WKHUH ZDV D FRUUHODWLRQ EHWZHHQ RGRXU VWUHQJWK DQG 2(53 7KH
DPSOLWXGHRIWKH2(53SHDNSRVLWLYHSHDNQHJDWLYHGHFOLQHGE\ZLWK
UHSHWLWLYHVWLPXODWLRQIRUDOOVWLPXOXVVWUHQJWKV7KHWLPHFRQVWDQWIRU WKLV
GHFOLQHDGDSWDWLRQZDVFRQFHQWUDWLRQGHSHQGHQWDQGYDULHGIURPWRV
IRULQFUHDVLQJRGRUDQWVWUHQJWKIURPWRPVSXOVHRIVDWXUDWHGDP\O
DFHWDWHYDSRXUGLOXWHGDW/PLQDW& WKHSV\FKRPHWULF WHVW VFRUH
FRJQLWLYH RGRXU SHUFHSWLRQ ZDV DOVR FRQFHQWUDWLRQ GHSHQGHQW DQG LQ
FUHDVHGZLWKLQFUHDVLQJVWLPXOXVVWUHQJWKDWDOO,6,VH[FHSWWKHORZHVWYDOXH
V$W WKLV ,6, DGDSWDWLRQKDELWXDWLRQ LQWHUIHUHGZLWK WKH GRVHUHVSRQVH
7KH GHFOLQH RI WKH SV\FKRPHWULF WHVW VFRUH ZLWK LQFUHDVLQJ VWLPXOXV IUH
TXHQF\GHFUHDVLQJ,6,ZDVPRUHUDSLGW§VWKDQWKDWRIWKH2(537KH
SK\FKRPHWULFWHVWGHFOLQHGWR]HURDWDFRQVWDQWUDWHDQGZDVQRWGHSHQGHQW
XSRQVWLPXOXVVWUHQJWK
&RQFOXVLRQV FRQWLQXRXV ROIDFWRU\ VWLPXODWLRQ UHVXOWV LQ D VKXWGRZQ RI
FRJQLWLYHSHUFHSWLRQZLWKDWLPHFRQVWDQWRIDURXQGVZKLOHWKHUHVSRQVH
RI WKH SK\VLRORJLFDO V\VWHP UHFHSWRUV WUDQVGXFWLRQ DQG ROIDFWRU\ FRUWH[
GHFOLQHVE\DERXWZLWKDVORZHUWLPHFRXUVHV7KLVIRUPHUSURFHVV
GH¿QHVKDELWXDWLRQLQWKHROIDFWRU\V\VWHPZKLOHWKHODWWHUGHVFULEHVDGDSWD
WLRQ6LQFHWKHDGDSWDWLRQSURFHVVLVFRQFHQWUDWLRQGHSHQGHQWWKHUDWHRIDG
DSWDWLRQFRQWDLQVLQIRUPDWLRQDERXWRGRXUVWUHQJWKWKXVERWKWKHDPSOLWXGH
RIWKH2(53DQGWKHUDWHRIDGDSWDWLRQFRXOGHQFRGHVWLPXOXVVWUHQJWK
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7UHDWPHQWRI'HSUHVVLRQDQG$Q[LHW\LQ3DWLHQWZLWK&RPSOH[
3DUWLDO6HL]XUHV
=RMD%DELQNRVWRYD
&OLQLFRI3V\FKLDWU\0HGLFDO)DFXOW\0DFHGRQLD
9LNWRULMD9XMRYLF$QWRQL1RYRWQL'DUNR3HWUHVNL
2EMHFWLYHV&RPRUELGGHSUHVVLRQDQGDQ[LHW\DUHFRPPRQLQSDWLHQWVZLWK
HSLOHSV\ EXW WKH\ DUH RIWHQ SRRUO\ UHFRJQL]HG DQG LQDGHTXDWHO\ WUHDWHG
7KH\DUHPRUHOLNHO\WRRFFXULQSDWLHQWVZLWKFRPSOH[SDUWLDOVHL]XUHVDQG
OHIWVLGHGIRFL
3XUSRVH7R HYDOXDWH WUHDWPHQW DSSURDFKHV IRU GHSUHVVLRQ DQG DQ[LHW\ LQ
HSLOHSWLFSDWLHQWV
0DWHULDODQGPHWKRGV3UHVHQWDWLRQRI\HDUVROG IHPDOHSDWLHQW WUHDWHG
DW &OLQLF RI 3V\FKLDWU\ IRU GHSUHVVLYH DQG DQ[LHW\ VLPSWRPDWRORJ\ DS
SHDUHG DIWHU WUDXPDWLF HYHQW 'LIIHUHQWLDO GLDJQRVH ZDV HVWDEOLVKHG RQ
EDVHVRI,&'DQG'60,9)URP\HDUVKHLV WUHDWHGIRUFRPSOH[
SDUWLDO VHL]XUHV ZLWK VHFXQGDU JHQHUDOL]DWLRQ ((* UHFRUGLQJ GXULQJ WKH
SV\FKLDWU\KRVSLWDOWUHDWPHQWUHJLVWHUHGGLVFKDUJHVRIGHOWDZDYHVDFFHQWX
DWHG LQ OHIW KHPLVSKHUH3KDUPDFRORJLFDO WUHDWPHQWZDVZLWK DQWLHSLOHSWLF
FDUEDPD]HSLQDQWLGHSUHVVDQW665,VDQGDQ[LRO\WLFGUXJV$OVRSV\FKR
WKHUDS\ZDVFRQGXFWHG
'LVFXVVLRQ 7UHDWPHQW DSSURDFKHV IRU GHSUHVVLRQ DQG DQ[LHW\ LQ HSLOHS
WLF SDWLHQWV LQFOXGH SV\FKRWKHUDS\ UDWLRQDOL]DWLRQ RI DQWLHSLOHSWLF GUXJ
PHGLFDWLRQ DQWLGHSUHVVDQW DQG DQ[LRO\WLF GUXJV7KH WULF\FOLF DQG UHODWHG
DQWLGHSUHVVDQWVDSSHDUWREHHSLOHSWRJHQLFHVSHFLDOO\LQSHRSOHDWKLJKULVN
6HOHFWLYH VHURWRQLQ UHXSWDNH LQKLELWRUV 665,V DUH FRQVLGHUHG ¿UVWOLQH
WUHDWPHQWV 6RPH DQWLFRQYXOVDQWV YDOSURDWH FDUEDPD]HSLQH ODPRWULJLQH
JDEDSHQWLQKDYHGHPRQVWUDWHGPRRGLPSURYHPHQWLQHSLOHSV\SDWLHQWV
&RQFOXVLRQV'HSUHVVLRQ DQG DQ[LHW\PXVW EH UHFRJQL]HG GLDJQRVHG DQG
DGHTXDWHO\WUHDWHGLQHSLOHSWLFSDWLHQWV
5HIHUHQFHV
*DLWDW]LV$7ULPEOH056DQGHU -:7KHSV\FKLDWULFFRPRUELGLW\RI
HSLOHSV\$FWD1HXURORJLFD6FDQGLQDYLFD
 'HSUHVVLRQ LQ HSLOHSV\ SUHYDOHQFH FOLQLFDO VHPLRORJ\ SDWKRJHQLF
PHFKDQLVPVDQGWUHDWPHQW%LRORJLFDO3V\FKLDWU\
7KHFRPRUELGLW\RIGHSUHVVLRQDQGHSLOHSV\HSLGHPLRORJ\HWLRORJ\DQG
WUHDWPHQW1HXURORJ\
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((*&KDQJHVLQ3DWLHQWZLWK&RQGXFW'LVRUGHU
=RMD%DELQNRVWRYD
&OLQLFRI3V\FKLDWU\0HGLFDO)DFXOW\0DFHGRQLD
1HQVL0DQXVHYD'DUNR3HWUHVNL
2EMHFWLYHV &RQGXFW GLVRUGHUV DUH GLDJQRVHG RQ EDVLV RI UHSHDWHG DQG
SHUVLVWHQWSDWWHUQRIDQWLVRFLDODJJUHVVLYHRUFKDOOHQJLQJEHKDYLRU$ORWRI
VWXGLHVLQYHVWLJDWHGFRUUHODWLRQEHWZHHQLPSXOVLYHDQGK\SHUDFWLYHEHKDYLRU
DQGFKDQJHVLQ((*EUDLQDFWLYLW\7KH\UHIHUWKHWDEUDLQDFWLYLW\LQSDWLHQWV
FRPSDUHGZLWKFRQWUROJURXS
0DWHULDODQG0HWKRGV3UHVHQWDWLRQRI\HDUVROGSDWLHQWWUHDWHGDW&OLQ
LFRI3V\FKLDWU\IRUPDQLIHVWFRQGXFWGLVRUGHUZLWKLWµVEHJLQQLQJIHZ\HDUV
DJR'LIIHUHQWLDOGLDJQRVHZDVHVWDEOLVKHGRQEDVLVRI,&'DQG'60,9
'XULQJWKHSHULRGRIKRVSLWDOWUHDWPHQWWZR((*UHFRUGLQJVZHUHPDGHDQG
PHGLFDO KLVWRU\ZLWK SUHYLRXV((*VZDV DYDLODEOH((* UHJLVWHUHG VKDUS
EDFNJURXQGDFWLYLW\YDULDEOH LQ LWµVPRUSKRORJ\DQGIUHTXHQF\FRQVLVWLQJ
RISRO\PRUSKWKHWDZDYHDQGVXEDOSKDDFWLYLW\LQZKLFKLQWHUPLWWHQWVKDUS
VORZZDYHV+]9DUHDV\QFKURQ\LQFRUSRUDWHGZLWKRXWVLJQL¿
FDQWORFDOL]DWLRQDQGODWHUDOL]DWLRQ
'LVFXVVLRQ 0RUH VWXGLHV UHIHU LQFUHDVHG WKHWD DQG GHFUHDVHG EHWD ((*
DFWLYLW\ LQ FKLOGUHQZLWK LPSXOVLYH DQG GLVUXSWLYH EHKDYLRU7KH\ VXJJHVW
WKDWGHFUHDVHGEHWDDFWLYLW\LVOLQNHGWR
K\SHUDFWLYLW\DQGLQFUHDVHGWKHWDDFWLYLW\WRLPSXOVLYLW\
&RQFOXVLRQV5HJLVWHUHGWKHWD((*DFWLYLW\FDQEHFRUUHODWHGZLWKLPSXO
VLYHDQGGLVWXUEHGEHKDYLRULQSUHVHQWHGSDWLHQW
.H\ZRUGVFRQGXFWGLVRUGHU((*WKHWDDFWLYLW\
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,QYHVWLJDWLRQRI$&73+3RO\PRUSKLVP$VVRFLDWLRQZLWK
)DPLOLDO6XLFLGH%HKDYLRUDQG3UREDQVCV6XLFLGH$WWHPSWV
&KDUDFWHULVWLFV
(ULFR&RVWD
'HSDUWPHQWRI3KDUPDFRORJ\,&%8)0*%UD]LO
9LDQD00'H0DUFR/$%RVRQ:/1LFRODWR5
5RPDQR6LOYD0$&RUUrD+
%DFNJURXQG$FFRUGLQJWRWKH:RUOG+HDOWK2UJDQL]DWLRQ:+2VXLFLGH
DFFRXQWVIRUDERXWGHDWKVZRUOGZLGHHYHU\\HDU,QYLHZRIWKHVH
GUDPDWLF GDWD VHYHUDO VWXGLHV KDYH WULHG WR LGHQWLI\ SRVVLEOH ELRORJLFDO
PHFKDQLVPVDQGPDUNHUVRIVXLFLGH*HQHVHQFRGLQJIRUSURWHLQVLQYROYHG
LQWKHVHURWRQHUJLFWUDQVPLVVLRQDUHPDMRUFDQGLGDWHVLQDVVRFLDWLRQVWXGLHV
RIVXLFLGDOEHKDYLRU7KHJHQHWKDWFRGHVIRUWU\SWRSKDQK\GUR[\ODVH73+
WKHUDWHOLPLWLQJHQ]\PHLQWKHELRV\QWKHVLVRIVHURWRQLQLVRQHRIWKHVHFDQ
GLGDWHV7ZRSRO\PRUSKLVPVLQLQWURPRIWKLVJHQH$&DQG$&
KDYHEHHQGHVFULEHGEXWWKHLUUROHLQVXLFLGDOEHKDYLRUUHPDLQVXQFHUWDLQ
0HWKRGV 73+$& SRO\PRUSKLVP ZDV DQDO\VHG LQ D VDPSOH RI 
SV\FKLDWULFSDWLHQWVDQGKHDOWK\FRQWUROV
5HVXOWV 1R VLJQL¿FDQW GLIIHUHQFHV LQ 73+ JHQRW\SH IUHTXHQFLHV ZHUH
REVHUYHGEHWZHHQSDWLHQWVDQGFRQWUROV(LJKW\IRXUSDWLHQWVKDGD
OLIHWLPHKLVWRU\RIVXLFLGHDWWHPSW1RDVVRFLDWLRQZDVIRXQGUHJDUGVVXLFLGH
DWWHPSWKLVWRU\DQGVXLFLGHDWWHPSWFKDUDFWHULVWLFVDQGWKHVWXGLHGJHQRW\SH
,QGHHGQRQHRI WKHJHQRW\SHVZHUHDVVRFLDWHGZLWKKLVWRU\RI VXLFLGHDW
WHPSWDQGWKHOHWKDOLW\RIWKHPRVWOHWKDOOLIHWLPHVXLFLGHDWWHPSWDQGWKHVXL
FLGHDWWHPSWPHWKRGZHUHQRWDVVRFLDWHGZLWK73+JHQRW\SH1HYHUWKHOHVV
RXUUHVHDUFKFRQ¿UPHGWKDWSRVLWLYHKLVWRU\RIVXLFLGHDWWHPSWVLQDIDPLO\
PHPEHUHQKDQFHVWKHFKDQFHRIDVXEMHFWWRDWWHPSWVXLFLGHDQGWKHVXLFLGH
DWWHPSWVLQWKHVHVXEMHFWVDUHPRUHOHWKDODQGPRUHYLROHQW
&RQFOXVLRQV7KH DXWKRUV FRQFOXGH WKDW WKH$&SRO\PRUSKLVPRI WKH
73+JHQHZDVQRWDVXVFHSWLELOLW\IDFWRUIRUVXLFLGDOEHKDYLRULQWKLVJURXS
RISV\FKLDWULFSDWLHQWV
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&OLQLFDO([SHULHQFHZLWK5HPHURQ6RO7DEDQHZ
)RUPXODWLRQRI0LUWD]DSLQHLQWKH7UHDWPHQWRI'HSUHVVHG
3DWLHQWVLQWKH'DLO\3UDFWLFH
$OH[DQGUD'HOLQL6WXOD
$',,QWHUQDWLRQDO,QVWLWXWHIRU$GYDQFHPHQWRI'UXJ'HYHORS
PHQW%DVHO6ZLW]HUODQG
5RODQG%LVFKRI
0LUWD]DSLQHLVDUHSUHVHQWDWLYHRIDQHZFODVVRIDQWLGHSUHVVDQWGUXJV$'
ZKLFKE\ WKHYLUWXHRI DGLUHFW VSHFL¿F DFWLRQRQĮDGUHQHUJLF DQG+7
UHFHSWRUV1D66$SURPRWHVQRUDGUHQDOLQH1$UHOHDVHDQGHQKDQFHVVH
URWRQLQHUJLFWUDQVPLVVLRQLQWKHEUDLQ:HUHSRUWKHUHWKHUHVXOWVRIDGD\WR
GD\FOLQLFDOH[SHULHQFHZLWKDQHZIDVWGLVVROYLQJRUDOWDEOHWRIPLUWD]DSLQH
5HPHURQ 6RO7DE LQ WKH PDQDJHPHQW RI GHSUHVVLRQ LQ WKH SV\FKLDWULF
SUDFWLFHLQ6ZLW]HUODQG
7KH VWXG\ ZDV DQ RSHQ PXOWLFHQWUH SURVSHFWLYH REVHUYDWLRQDO VWXG\ RI
ZHHNVGXUDWLRQ3DWLHQWVPDOHDQGIHPDOHSDWLHQWV!\HDUVROGZLWK
PRGHUDWH WR VHYHUH GHSUHVVLRQ VW HSLVRGH UHFXUUHQW DQG FKURQLF ZHUH
UHFUXLWHGLQ6ZLVVFHQWUHV7KHLQFOXVLRQFULWHULDDQGGRVLQJRIPLUWD]D
SLQHZHUHDWWKHGLVFUHWLRQRIWKHLQYHVWLJDWRUV$QWLGHSUHVVDQWHI¿FDF\&*,
SRLQWVDVZHOODVVSHFL¿FDVVHVVPHQWVSRLQWVVFDOHVRIWKHVHYHULW\RI
DQ[LHW\DQGLQVRPQLDHDUO\DQGODWHZHUHUHFRUGHGDWEDVHOLQHDIWHUDQG
ZHHNVRIWUHDWPHQW6SRQWDQHRXVO\UHSRUWHGDGYHUVHHYHQWV$(DQGWKHDF
FHSWDQFHRIWKHQHZIRUPXODWLRQLWHPVFKHFNOLVWZHUHUHFRUGHGDVZHOO
7KHUHVXOWVVKRZHGYHU\JRRGJRRGLPSURYHPHQWLQDOPRVWRISDWLHQWV
ZKHUHE\ERWKPDOHDQGIHPDOHSDWLHQWVUHVSRQGHGHTXDOO\ZHOO7KHHI¿FDF\
RIWKHGUXJZDVLQGHSHQGHQWRIWKHLQLWLDOVHYHULW\RIGHSUHVVLRQEXWLQWKH
PRVW VHYHUH SDWLHQWV WKH UHVSRQVHZDV VLJQL¿FDQWO\ ODUJHU S WKDQ
LQ WKH PLOGHU FDVHV 6\PSWRPV RI DQ[LHW\ DQG LQVRPQLD UHJUHVVHG HDUO\
OLQHDUO\ DQG KLJKO\ VLJQL¿FDQWO\ S 7KH LPSURYHPHQW RI DQ[LHW\
DQG LQVRPQLDZHUH LQGHSHQGHQW RI WKH LQLWLDO VHYHULW\ RI V\PSWRPV LQ DOO
VXEJURXSVRISDWLHQWV7KHQHZIRUPXODWLRQZDVZHOODFFHSWHGE\SDWLHQWV
DQGPRUHWKDQDKDOIRIWKHPVWDWHGEHWWHUFRPSOLDQFHZLWKWKHQHZIRUPXOD
WLRQWKDQZLWKWKHFRQYHQWLRQDOWDEOHWRISDWLHQWVFRQWLQXHGWKHWKHUDS\
ZLWK5HPHURQ6RO7DEDIWHUVWXG\WHUPLQDWLRQ
5HPHURQ6RO7DEZDVZHOOWROHUDWHG7KHPRVWIUHTXHQW$(VZHUHVHGDWLYH
HIIHFWVZHLJKWLQFUHDVHGL]]LQHVVDQGQDXVHDYRPLWLQJ

7KHOLNHOLKRRGRILQFUHDVHGFRPSOLDQFHZLWKWUHDWPHQWGHPRQVWUDWHGLQRXU
VWXG\FDQEHFRQVLGHUHGDVDQLPSRUWDQWDGYDQWDJHRIWKHQHZPLUWD]DSLQH
IRUPXODWLRQ
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(IILFDF\RID3V\FKR(GXFDWLRQDO3URJUDPIRU:HLJKW*DLQ
&RQWUROLQ3DWLHQWVWDNLQJ2ODQ]DSLQH
$QGUHD5RVVL
(OL/LOO\,WDOLD6S$,WDOLD
*'HOO¶$JQHOOR6&DVWURJLRYDQQL06LPRQFLQL1,RYLHQR
'&HFFRQL3'RQGD6*UD]]LQL00DXUL
:HLJKWJDLQ:*KDVEHHQREVHUYHGGXULQJWUHDWPHQWZLWKDQWLSV\FKRWLFV
$3$OWKRXJKYDULRXV VWHSVKDYHEHHQ WDNHQ WRPDQDJH:* WKHHIIHFWV
RIEHKDYLRUDOGLHWDU\DQGHGXFDWLRQDOLQWHUYHQWLRQVIRUWKHPDQDJHPHQWRI
$3DVVRFLDWHG:*LQSV\FKLDWULFSDWLHQWVDUHOLWWOHNQRZQ
7KLVVWXG\DVVHVVHVWKHHI¿FDF\RIDSV\FKRHGXFDWLRQDOSURJUDP3(3IRU
WKHPDQDJHPHQWRI:*LQSDWLHQWVEHLQJWUHDWHGZLWKRODQ]DSLQHRO]7KH
SDWLHQWVLQYROYHGLQWKHVWXG\VKRZHGD!LQFUHDVHLQ%0,IURPWKH
VWDUW RI PRQRWUHDWPHQW ZLWK RO] 3DWLHQWV ZHUH UDQGRPL]HG WR RO]3(3
JURXS  RU RO] RQO\ JURXS $IWHU ZHHNV SDWLHQWV LQ ERWK JURXSV
XQGHUZHQWDZHHN3(3
1LQHWHHQSDWLHQWVLQJURXSLQJURXSFRPSOHWHGWKHVWXG\7KHUH
ZDVQRVLJQL¿FDQWFKDQJHLQERG\ZHLJKWDQG%0,ZHLJKW.J%0,
 LQ JURXS S 16 GXULQJ WKH¿UVW WZHOYHZHHNV7KHVH VDPHSD
WLHQWVKDGDPHDQZHLJKWORVVRI.JSDQGDUHGXFWLRQLQ%0,
 SLQWKHIROORZLQJZHHNVRIWUHDWPHQWZLWKRO]33(7KH
SDWLHQWV LQJURXSKRZHYHUKDGDPHDQZHLJKW ORVVRINJS
DQG D UHGXFWLRQ LQ%0,  S 3DWLHQWV RI RYHU  \HDUV RI DJH
KDGDPHDQZHLJKWORVVRI.JVWDWLVWLFDOO\KLJKHUWKDQWKDWRI\RXQJHU
SDWLHQWV.JS3DWLHQWV¶TXDOLW\RIOLIHDOVRWHQGHGWRLPSURYH
GXULQJWKHVWXG\EXWWKHLPSURYHPHQWZDVQRWVWDWLVWLFDOO\VLJQL¿FDQW1R
FOLQLFDOO\ VLJQL¿FDQWGLIIHUHQFHV LQ DQ\RI WKH ODERUDWRU\SDUDPHWHUVRU LQ
DNDWLVLDZHUHREVHUYHG
$OWKRXJK WKLV VWXG\ LV VWLOO XQGHUZD\SDWLHQWV H[SHULHQFHG VLJQL¿FDQWGH
FUHDVHVLQERG\ZHLJKWDQG%0,GXULQJWKH3(3SKDVHV
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$<HDU2EVHUYDWLRQDO6WXG\WR(YDOXDWH3DWWHUQVRI
$JJUHVVLRQLQ3DWLHQWV7KH3(56(26WXG\3DWLHQWµV
&KDUDFWHULVWLFV
6RQLD)UHGLDQL
(OL/LOO\,WDOLD6S$,WDO\
$QGUHD%DOOHULQL5REHUWR%RFFDORQ*LDQFDUOR%RQFRPSDJQL
0DVVLPR&DVDFFKLD)UDQFHVFR0DUJDUL/LQD0LQHUYLQL
5REHUWR5LJKL)HGHULFR5XVVR$QGUHD6DOWHUL$QGUHD5RVVL
%DFNJURXQG 7KLV ,WDOLDQ REVHUYDWLRQDO VWXG\ ZDV DLPHG DW HYDOXDWLQJ
SDWWHUQV RI DJJUHVVLRQ LQ SDWLHQWV VWUDWL¿HG E\ VRFLRGHPRJUDSKLF DQG
GLDJQRVWLFYDULDEOHV
0HWKRGV 3DWLHQWV DGPLWWHG WR ,WDOLDQ $FXWH +RVSLWDO 3V\FKLDWULF :DUG
$+3:LQDPRQWKVSHULRGZHUHIROORZHGXQWLOGLVFKDUJH$VVHVVPHQWV
ZHUHSHUIRUPHGDWDGPLVVLRQLQWKH¿UVWGD\VDQGDWGLVFKDUJH3V\FKR
PHWULF VFDOHV LQFOXGHG WKH%ULHI3V\FKLDWULF5DWLQJ6FDOH %356YHUVLRQ
 WKH0RGL¿HG 2YHUW$JJUHVVLRQ 6FDOH 02$6 WKH %ULHI 6\PSWRPV
,QYHQWRU\%6,6:1DQG'UXJ$WWLWXGH,QYHQWRU\'$,
5HVXOWV$WRWDOQXPEHURIDGXOWSDWLHQWVZHUHHQUROOHGLQFHQWHUV
0)PHDQDJH\UVZHUHHYDOXDEOHDFFRUGLQJ
ZLWKVWXG\SURWRFRORIWKHVHSDWLHQWVZHUH,WDOLDQ7KHPRVWIUHTXHQW
LQVWUXFWLRQOHYHOZDVLQWHUPHGLDWHRISDWLHQWVZHUHXQPDU
ULHG5HJDUGLQJZRUNLQJDFWLYLWLHVZHUHUHWLUHGXQRFFXSLHG
DQG RFFXSLHG RIZKRPZHUH HPSOR\HH7KHPRVW RI WKHVH
SDWLHQV OLYHGZLWK SDUHQWDO IDPLO\ ZKLOH  OLYHGZLWK SDUWQHU
DQGRUVRQVDQGOLYHGDORQH
5HJDUGLQJ DOFRKRO DEXVH  ZHUH DOFRKRODEXVHUV ZKLOH  ZHUH
GHSHQGHQW %ZHUH VPRNHUV DQG ZHUH GUXJ GHSHQGDQW 
RFFDVLRQDOGUXJXVHUVDQGZHUHH[GUXJDEXVHUV
7KH YDVW PDMRULW\ RI SDWLHQWV ZHUH YROXQWDULO\ KRVSLWDOL]HG ZKLOH 
ZHUHUHVWUDLQW762SROLFHFRQGXFWHGRISDWLHQWVWR$+3:
7KHPDMRULW\RISDWLHQWVZHQWWR¿UVWDLGEHIRUH$+3:DGPLVVLRQ
EHORQJWRWHUULWRULDOSV\FKLDWULFVHUYLFHVEHORQJWRWKHLUIDP
LO\
$SSUR[LPDWHO\RQHIRXUWKRISDWLHQWVZHUHKRVSLWDOL]HGEHFDXVHRI
FDUHJLYHUXQDYDLODELOLW\
7ZHQW\VL[ SHUFHQW RI SDWLHQWV VKRZHG VXLFLGH LGHDWLRQ RU DWWHPSW DQG
RISDWLHQWVZHUHDGPLWWHGEHFDXVHRIWUHDWPHQWQRQFRPSOLDQFH
7KHPDLQ UHDVRQ IRUDGPLVVLRQZDVD VHYHUHSV\FKRWLFHSLVRGHRI
WKHPZLWKDJJUHVVLYHEHKDYLRU
7ZHQW\WZRSHUFHQWKDGFDUGLRYDVFXODUFRQFXUUHQWSDWKRORJ\DQGDQ\
PHWDEROLFLOOQHVV
&RQFOXVLRQV$GPLVVLRQWR$+3:KDVDKXJHLPSDFWRQVRFLHW\DQGKHDOWK
VHUYLFHV3DWLHQWVDOPRVWVKRZVDJJUHVVLYHEHKDYLRXUDQGKDOIRIWKHPDUH
KRVSLWDOLVHGEHFDXVHRIQRQFRPSOLDQFHWRWUHDWPHQW
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6RQLD)UHGLDQL
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,WDO\
$QGUHD%DOOHULQL5REHUWR%RFFDORQ*LDQFDUOR%RQFRPSDJQL
0DVVLPR&DVDFFKLD)UDQFHVFR0DUJDUL/LQD0LQHUYLQL
5REHUWR5LJKL)HGHULFR5XVVR$QGUHD6DOWHUL$QGUHD5RVVL
%DFNJURXQG7KLV,WDOLDQREVHUYDWLRQDOVWXG\ZDVDLPHGWRDQDO\]HSDWWHUQV
RI DJJUHVVLRQ LQ SDWLHQWV VWUDWL¿HG E\ VRFLRGHPRJUDSKLF DQG GLDJQRVWLF
YDULDEOHV
0HWKRGV 3DWLHQWV DGPLWWHG WR ,WDOLDQ $FXWH +RVSLWDO 3V\FKLDWULF :DUG
$+3:LQDPRQWKVSHULRGZHUHIROORZHGXQWLOGLVFKDUJH$VVHVVPHQWV
ZHUHSHUIRUPHGDWDGPLVVLRQLQWKH¿UVWGD\VDQGDWGLVFKDUJH3V\FKR
PHWULF VFDOHV LQFOXGHG WKH%ULHI3V\FKLDWULF5DWLQJ6FDOH %356YHUVLRQ
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
 WKH0RGL¿HG 2YHUW$JJUHVVLRQ 6FDOH 02$6 WKH %ULHI 6\PSWRPV
,QYHQWRU\%6,6:1DQG'UXJ$WWLWXGH,QYHQWRU\'$,
5HVXOWV$WRWDOQXPEHURIDGXOWSDWLHQWVZHUHHQUROOHGLQFHQWHUV
0)PHDQDJH\UVZHUHHYDOXDEOHDFFRUGLQJ
ZLWKVWXG\SURWRFRORIWKHVHSDWLHQWVZHUH,WDOLDQ
7KHQXPEHURISDWLHQWVZLWKDWOHDVWRQHSV\FKRWLFGUXJWDNHQEHIRUHVWXG\
HQWU\ZDV  RIZKRPXVHG D FRPELQHGGUXJ WKHUDS\
 XVHG EHQ]RGLD]HSLQHV  DQ DW\SLFDO DQWLSV\FKRWLF  D
W\SLFDO DQWLSV\FKRWLF  DQ DQWLGHSUHVVDQW DQG  D KXPRU VWDEL
OL]HU$OPRVWRQHKDOIRISDWLHQWVSHUIRUPHGDQRQSKDUPDFRORJLFDO
WUHDWPHQW  RI ZKRP LQGLYLGXDO RXWSDWLHQW YLVLWV  LQGLYLGXDO
SV\FKRWKHUDS\UHKDELOLWDWLRQWKHUDS\DQGJURXSWKHUDS\
'XULQJKRVSLWDOL]DWLRQSDWLHQWVUHFHLYHGGUXJWKHUDS\
RI ZKRP XVHG D FRPELQHG GUXJ WKHUDS\  XVHG EHQ]RGLD]HSLQHV
DQDW\SLFDODQWLSV\FKRWLFD W\SLFDODQWLSV\FKRWLFDQ
DQWLGHSUHVVDQWDQGDKXPRUVWDELOL]HU0RUHWKDQRQHKDOIRISDWLHQWV
 SHUIRUPHG D QRQSKDUPDFRORJLFDO WUHDWPHQW  RI ZKRP
LQGLYLGXDORXWSDWLHQWYLVLWVJURXSWKHUDS\LQGLYLGXDOSV\FKR
WKHUDS\DQGUHKDELOLWDWLRQWKHUDS\
$WGLVFKDUJHSDWLHQWVKDGDGUXJWKHUDS\SUHVFULSWLRQ
RI ZKRP XVHG D FRPELQHG GUXJ WKHUDS\  XVHG EHQ]RGLD]HSLQHV
DQDW\SLFDODQWLSV\FKRWLFD W\SLFDODQWLSV\FKRWLFDQ
DQWLGHSUHVVDQWDQGDKXPRUVWDELOL]HU0RUHWKDQRQHKDOIRISDWLHQWV
SHUIRUPHGDQRQSKDUPDFRORJLFDOWUHDWPHQWRIZKRPLQGL
YLGXDORXWSDWLHQWYLVLWVLQGLYLGXDOSV\FKRWKHUDS\UHKDELOLWD
WLRQWKHUDS\DQGJURXSWKHUDS\
&RQFOXVLRQV 7KH YDVW PDMRULW\ RI SDWLHQWV DGPLWWHG WR$+3: UHFHLYHG
D WUHDWPHQW EHIRUH DGPLVVLRQ 'XULQJ KRVSLWDOLVDWLRQ DOPRVW DOO RI WKHP
UHFHLYHG SKDUPDFRORJLFDO WKHUDS\ PDLQO\ FRQVWLWXWHG E\ PRUH WKDQ RQH
GUXJ $W GLVFKDUJH ERWK GUXJ DQG QRQSKDUPDFRORJLFDO WUHDWPHQW ZHUH
VXEVWDQWLDOO\FKDQJHGFRPSDUHGZLWKLQSDWLHQWWUHDWPHQW
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(IIHFWVRI&KURQLF3V\FKRVRFLDO6WUHVVDQG&LWDORSUDPLQ5DW
8UVXOD+DYHPDQQ5HLQHFNH
*RHWWLQJHQ8QLYHUVLW\*HUPDQ\
5DIDO5\JXOD1DVKDW$EXPDULD*DEULHOH)OJJH
&KULVWRSK+LHPNH(FNDUW5WKHU
2EMHFWLYHV$ QHZ UDW PRGHO IRU SV\FKRVRFLDOO\ LQGXFHG GHSUHVVLYH OLNH
V\PSWRPVKDVEHHQUHFHQWO\GHYHORSHG,QWKLVPRGHOPDOHUDWVFKURQLFDOO\
VXEMHFWHGWRSV\FKRVRFLDOVWUHVVVKRZHGVLJQL¿FDQWO\GHFUHDVHGORFRPRWRU
DQGH[SORUDWRU\DFWLYLWLHVUHGXFHGVXFURVHSUHIHUHQFHDQGDQLQFUHDVHGLP
PRELOLW\WLPHLQWKHIRUFHGVZLPPLQJWHVW7KHSUHVHQWVWXG\ZDVDLPHGWR
SKDUPDFRORJLFDOO\YDOLGDWH WKLVFKURQLFSV\FKRVRFLDO VWUHVVSDUDGLJPDVD
PRGHORIGHSUHVVLRQ)RUWKLVUDWVZHUHSV\FKRVRFLDOO\VWUHVVHGDVGHVFULEHG
SUHYLRXVO\DQGLQSDUDOOHOWUHDWHGIRUDSHULRGRIIRXUZHHNVZLWKWKH665,V
FLWDORSUDPDQGHVFLWDORSUDP
0HWKRGV0DOH:LVWDUUDWVZHUHSV\FKRVRFLDOO\VWUHVVHGIRUZHHNVGDLO\
3V\FKRVRFLDOVWUHVVZDVDSSOLHGXVLQJDUHVLGHQW/LVWHU+RRGHG±UDWLQ
WUXGHU:LVWDUUDWSDUDGLJPDFFRUGLQJWR.RROKDDVHWDO,QSDUDOOHO
WKHDQLPDOVZHUHWUHDWHGRUDOO\ZLWKFLWDORSUDPPJNJGD\RU
HVFLWDORSUDPPJNJIRUZHHNVIURPZHHNXQWLOZHHN,QDGGLWLRQ
GUXJPRQLWRULQJLQEORRGZDVGRQH)ROORZLQJEHKDYLRXUDOSDUDPHWHUVZHUH
TXDQWL¿HGORFRPRWRUDQGH[SORUDWRU\DFWLYLW\E\DQ2SWR9DULPH[0RWLOLW\
0HWHUDQGREVHUYDWLRQDOFRXQWLQJV\VWHPVXFURVHVROXWLRQSUHIHUHQFHDQG
LPPRELOLW\WLPHLQWKHIRUFHGVZLPWHVW
5HVXOWV&KURQLFDOO\VWUHVVHG UDWVVKRZHGVLJQL¿FDQWEHKDYLRXUDOFKDQJHV
LQFOXGLQJGHFUHDVHGORFRPRWRUDQGH[SORUDWRU\DFWLYLW\UHGXFHGSUHIHUHQFH
WRVZHHWVXFURVHVROXWLRQDQGLQFUHDVHGLPPRELOLW\WLPHLQWKHIRUFHGVZLP
WHVW&KURQLFWUHDWPHQWZLWKPJRIFLWDORSUDPOHGWRDQGUXJOHYHOOLNHWKH
WKHUDSHXWLFGUXJOHYHOVLQKXPDQDQGFRXQWHUDFWHGWKHVHDGYHUVHHIIHFWVRI
FKURQLFSV\FKRVRFLDOVWUHVV&LWDORSUDPDQGHVFLWDORSUDPGLGQRWLQÀXHQFH
WKHEHKDYLRXURIWKHFRQWURODQLPDOV
&RQFOXVLRQV&KURQLFSV\FKRVRFLDO VWUHVV LQGXFHV DQKHGRQLD DQGPRWLYD
WLRQDOGH¿FLWVLQUDWV7KHVHHIIHFWVDUHUHYHUVLEOHE\DQWLGHSUHVVDQW665,
WUHDWPHQW6LQFHDQKHGRQLDLVRQHRIWKHFRUHV\PSWRPVRIGHSUHVVLRQRXU
¿QGLQJVPD\ SURPRWH FKURQLF VRFLDO VWUHVV SDUDGLJP LQ UDWV DV D UHOLDEOH
DQLPDOPRGHOIRUGHSUHVVLYHOLNHV\PSWRPVLQKXPDQV
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(IIHFWRI&KURQLF6WUHVVRQ&5+5HFHSWRULQ5DW/LPELF
)RUHEUDLQV
7DNXML+LVKLQXPD
'DLVXNH7DQDNDDQG+LGHDNL1DJDVKLPD-DSDQ
0LNLR$VDNXUD6KLJHWR.DQDL
6HYHUDOVWXGLHVGHPRQVWUDWHWKDWFRUWLFRWURSLQUHOHDVLQJKRUPRQH&5+LVD
NH\PHGLDWRULQWKHVWUHVVUHVSRQVH7ZR&5+UHFHSWRUVXEW\SHVKDYHEHHQ
LGHQWL¿HGLQWKHEUDLQ&5+UHFHSWRU&5+5DQG&5+UHFHSWRUDQG
VWUHVVUHVSRQVHDUHPHGLDWHGE\WKH&5+57KH&5+ELQGLQJVLWHKDVEHHQ
UHSRUWHGWRGHFUHDVHLQWKHIURQWDOFRUWH[RIVXLFLGDOYLFWLPV2QWKHRWKHU
KDQGDQDFXWHVWUHVVKDVEHHQUHSRUWHGWRLQFUHDVHLQWKH&5+5P51$
,W LV LQWHUHVWLQJ WR HYDOXDWH WKHHIIHFWRI FKURQLFYDULDEOH VWUHVV &96RQ
&5+5 LPPXQRUHDFWLYLW\ LQ VSHFL¿F EUDLQ UHJLRQV RI WKH UDW )RU&96
ZHVHOHFWHGWKHVL[VWUHVVRUVDVGHVFULEHGLQSUHYLRXVUHSRUWV0DOH:LVWDU
UDWVZHUHUDQGRPO\H[SRVHGWRRQHVWUHVVRUSHUDGD\GXULQJGD\V,QWKLV
VWXG\ZHH[DPLQHGWKHHIIHFWRI&96RQ&5+5LPPXQRUHDFWLYLW\LQWKH
SDUDYHQWULFXODUQXFOHXV391WKHEHGQXFOHXVRIVWLULDWHUPLQDOLV%167
DQGWKHEDVRODWHUDODP\JGDOH%/$RIWKHUDWXVLQJLPPXQREORWWLQJSURFH
GXUH7KHUHZDVDVLJQL¿FDQWLQFUHDVHRIWKH&5+5LPPXQRUHDFWLYLW\
KRXUVDIWHU&96IRUGD\VLQ%167DQG%/$ZKHUHDVDVLQJOHIRRWVKRFN
KDGQRLQÀXHQFHRQWKHLPPXQRUHDFWLYLU\LQWKHDOOUHJLRQV,WLVVXJJHVWHG
WKDWXSUHJXODWLRQRIWKHOLPELF&5+5FDXVHGDVWUHVVIUDJLOLW\IRUDQ[LHW\
DQGDXWRQRPLFV\PSWRPVIRUPHGE\&5+VHQVLWL]DWLRQIRUDQRYHOVWUHVV
32
7KH(IIHFWRI$WWHQWLRQ'HILFLWRQ([HFXWLYH)XQFWLRQLQ
7UDXPDWLF%UDLQ,QMXU\7%,3DWLHQWV
+DQ<RQJ-XQJ
'HSDUWPHQWRI3V\FKLDWU\6RRQFKXQK\DQJ8QLYHUVLW\.RUHD
-RRQ+R3DUN.DQJ6HRE2K
2EMHFWLYHV7KHSXUSRVHRIWKLVVWXG\ZDVWRLQYHVWLJDWHWKHHIIHFWRIFRJQL
WLYHIXQFWLRQRQH[HFXWLYHIXQFWLRQLQ7UDXPDWLF%UDLQ,QMXU\7%,SDWLHQWV
$FFRUGLQJWR WKHVWDJHPRGHO6DFFX]]R	%UDIIDWWHQWLRQGH¿FLWV
WKDW LV EDVLF VWDJH LQ LQIRUPDWLRQ SURFHVVLQJ OHDG WRPHPRU\ GLVWXUEDQFH
*UHHQDQGVXEVHTXHQWO\DIIHFWKLJKHURUGHUFRJQLWLYHIXQFWLRQVXFK
DVGHFLVLRQPDNLQJ DEVWUDFW WKLQNLQJ DQG MXGJHPHQW UHODWHG WR H[HFXWLYH
IXQFWLRQ*UHHQ7KHUHIRUHZHK\SRWKHVL]HGWKDWDWWHQWLRQDIIHFWH[
HFXWLYHIXQFWLRQPRVWO\UHODWLYHWRRWKHUFRJQLWLYHIXQFWLRQLQ7%,SDWLHQWV
ZLWKORZH[HFXWLYHIXQFWLRQ
0HWKRGV 3DUWLFLSDQWV3DUWLFLSDQWVZHUHSDWLHQWV KLJK H[HFXWLYH
IXQFWLRQJURXS ORZH[HFXWLYHIXQFWLRQJURXSZKR¿UVWZHUHSUH
VHQWHGZLWK7UDXPDWLF%UDLQ,QMXU\WRDXQLYHUVLW\KRVSLWDODQGWKHQZHUHUH
IHUUHGWRD7%,FOLQLF0HDVXUHVL.RUHDQ:HFKVOHU$GXOW,QWHOOLJHQFH
6FDOH.:$,67KLVVFDOHZDVXVHGWRPHDVXUH,QWHOOLJHQW4XRWDWLRQDQG
ZDVFRPSRVHGRIVXEVFDOHVLL([HFXWLYH,QWHOOLJHQFH7HVW(;,7.LP
7KLVWHVWZDVXVHGWRPHDVXUHH[HFXWLYHIXQFWLRQDQGZDVFRPSRVHG
RIVXEVFDOHV7KHVXEVFDOHVPHDVXUHDWWHQWLRQ6WURRSWHVW3HUUHW
ODQJXDJH:RUGÀXHQF\%HQWRQ PHPRU\ 5H\$9/75H\ 
DQGYLVXRVSDFLDO'HVLJQÀXHQF\5XIIIXQFWLRQUHODWHGWRH[HFXWLYH
IXQFWLRQ3URFHGXUH3DUWLFLSDQWVZHUHUHIHUUHGWRD7%,FOLQLFDQGWKHQ
ZDVUDWHGRQ.:$,6DQG(;,73DUWLFLSDQWVZHUHGLYLGHGLQWRWZRJURXSV
DFFRUGLQJWR(;,7VFRUHZKLFKRIKLJKIXQFWLRQJURXSZDVPRUHWKDQ
DERYH ORZDYHUDJHDQGRI ORZIXQFWLRQJURXSZDVXQGHU XQGHUERU
GHUOLQH6HYHQW\PDOHIHPDOHORZIXQFWLRQJURXSDJH0 
6' ZDVFRPSDUHGZLWK¿IW\WZRIHPDOHPDOHKLJKIXQFWLRQ
JURXS DJH0  6' 8VLQJ KLHUDUFKLFDO UHJUHVVLRQ DQDO\VLV
(;,7VFRUH(,4ZDVUHJUHVVHGRQVXEVFDOHVDIWHUFRQWUROOLQJIRU,4
5HVXOWV7KHGLIIHUHQFHRI,4EHWZHHQORZDQGKLJKIXQFWLRQJURXS$
6WXGHQWWWHVWVKRZHGWKDWORZIXQFWLRQJURXSµVPHDQVFRUHRI,40 
6' ZHUH VLJQL¿FDQWO\ ORZHU WKDQ ORZ IXQFWLRQJURXSµV 0 
6' W S%HFDXVHRIEHLQJWKLVGLIIHUHQFHEHWZHHQ
JURXSVZHH[DPLQHWKHHIIHFWRIFRJQLWLYHIXQFWLRQRQH[HFXWLYHIXQFWLRQLQ
WZRJURXSVDIWHUFRQWUROOLQJIRU,47KHHIIHFWRIFRJQLWLYHIXQFWLRQRQ
H[HFXWLYHIXQFWLRQLQWZRJURXSVDIWHUFRQWUROOLQJIRU,4,QWKHORZIXQFWLRQ
JURXSRQO\DWWHQWLRQȕ SSUHGLFWHGVLJQL¿FDQWO\(,4LQGLFDWLQJ
WKDW ORZHUDWWHQWLRQZHUHUHODWHG WR ORZHU(,4DIWHUFRQWUROOLQJIRU ,4 ,Q
WKHKLJKIXQFWLRQJURXSRQO\PHPRU\ȕ SLQGLFDWLQJWKDWORZHU
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
PHPRU\ZHUHUHODWHGWRORZHU(,4
&RQFOXVLRQV
,QWKLVVWXG\ZHIRXQGWKDWRQO\DWWHQWLRQZDVSRVLWLYHO\UHODWHGWRH[HFX
WLYHIXQFWLRQLQ7%,SDWLHQWVZLWKORZH[HFXWLYHIXQFWLRQ:KHUHDVLQ7%,
SDWLHQWVZLWKKLJKH[HFXWLYHIXQFWLRQPHPRU\ZDVSRVLWLYHO\UHODWHGWRH[
HFXWLYHIXQFWLRQWKDQRWKHUFRJQLWLYHIXQFWLRQ,WLVFRQFOXGHGWKDWH[HFXWLYH
G\VIXQFWLRQLVFDXVHGE\DWWHQWLRQGH¿FLWV
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&KURQLF6WUHVV&DXVHG6HQVLWL]DWLRQRI$FRXVWLF6WDUWOHWR
)RRWVKRFN
6KLJHWR.DQDL
'HSDUWPHQWRI1HXURSV\FKLDWU\6W0DULDQQD8QLYHUVLW\6FKRRORI
0HGLFLQH-DSDQ
0LNLR$VDNXUD'DLVXNH7DQDND7DNXML+LVKLQXPD
+LGHDNL1DJDVKLPD
7KHDFRXVWLF VWDUWOH UHVSRQVH $65 LV D VKRUW ODWHQF\ UHÀH[HOLFLWHGE\D
VXGGHQDQGLQWHQVHDFRXVWLFVWLPXOXV7KH$65DPSOLWXGHFDQEHHQKDQFHG
XVLQJDYHUVLYHVWLPXOXVVXFKDVDIRRWVKRFN7KHDFWLYLW\RIWKHFRUWLFRWUR
SLQUHOHDVLQJKRUPRQH&5+QHXURQVWKDWSURMHFWWRWKHQXFOHXVUHWLFXODULV
SRQWLVFDXGDOLV3Q&IURPWKHFHQWUDOQXFOHXVRIDP\JGDOD&H$GLUHFWO\
SOD\DQLPSRUWDQWUROHLQHQKDQFHPHQWRI$65:HSUHYLRXVO\IRXQGDGH
FUHDVHLQWKH&5+LPPXQRUHDFWLYLW\RI&H$KRXUVKDIWHUWKHODVWVWUHVV
RIFKURQLFYDULDEOHVWUHVV&96IRUGD\VZKHUHDVWKH&5+LPPXQRUHDF
WLYHUHVSRQVHZDVDXJPHQWHGE\DPLOGIRRWVKRFN,QWKHSUHVHQWVWXG\ZH
H[DPLQHGWKHLQÀXHQFHRIWKHIRRWVKRFNRQWKH$65RIUDWVH[SRVHGWR&96
IRU  GD\V DQG GLVFXVVHG WKH DP\JGDORLG &5+ LQYROYHG LQ WKH YDULDEOH
IRRWVKRFNUHVSRQVHRI$65DIWHU&96
0DOH:LVWDUUDWVZHUHXVHG5DWVZHUHWUHDWHGZLWK&96IRUGD\VDFFRUG
LQJWRWKHSURFHGXUHRI5RWKDQG.DW]7KH$65VZHUHPHDVXUHGK
DIWHU&96GD\V&96GLPPHGLDWHO\DIWHUIRRWVKRFNIROORZLQJ&96
&96)6DQGKDIWHUIRRWVKRFNKDIWHU&96)67KHKDQGOLQJ
UDWV IRUGD\VVHUYHGDVDFRQWURODQLPDO:HSHUIRUPHGDOOH[SHULPHQWV
EDVHGRQJXLGHOLQHRI6W0DULDQQD8QLYHUVLW\6FKRRORI0HGLFLQH&HQWHU
([SHULPHQWDO$QLPDO0DQDJHPHQW&RPPLVVLRQ
$VLQJOHIRRWVKRFNKDGQRVLJQL¿FDQW LQÀXHQFHRQ WKH$65DPSOLWXGHVRI
FRQWUROUDWV7KH$65DPSOLWXGHVZDVQRWFKDQJHGLQ&96UDWV&96G
$VLQJOH IRRWVKRFNVLJQL¿FDQWO\DXJPHQWHG WKH$65RI&96UDWV &96
)67KLV$65DXJPHQWDWLRQGLVDSSHDUHGKODWHUKDIWHU&96)6
7KHVHUHVXOWVRI$65FRQVLVWHGZLWKDOWHUDWLRQRI&5+LPPXQRUHDFWLYLW\RI
&H$DIWHU&96
:HWKHUHIRUHVXJJHVWWKDWWKHHQKDQFHPHQWRI$65E\IRRWVKRFNDIWHU&96
PD\EHUHODWHGWRK\SHUDFWLYLW\RI&5+
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7KH6WXG\RI*6./HYHOVDQG(Q]\PH$FWLYLW\LQ
+LSSRFDPSXVDQG3UHIURQWDO&RUWH[RI6XLFLGH9LFWLPV
$3RVWPRUWHP%UDLQ6WXG\
)OLFLHQ.DUHJH
*HQHYD8QLYHUVLW\+RVSLWDOV'HSDUWPHQWRI3V\FKLDWU\&KQH
%RXUJ6ZLW]HUODQG
1DGHU3HUURXG6DQGUD%XUNKDUGW0LFKOH6FKZDOG
(ODGLD%DOOPDQQ5RPDQR/D+DUSH
2EMHFWLYHV 6XLFLGH UHSUHVHQWV D PDMRU SXEOLF KHDOWK SUREOHP $ EHWWHU
XQGHUVWDQGLQJRIWKHULVNµVIDFWRUVWKDWSUHGLVSRVHWRVXLFLGDODFWPD\KHOSDW
GHYHORSSLQJSUHYHQWLRQVWUDWHJLHV5HFHQWVWXGLHVUHSRUWHGDVLJQL¿FDQWGH
FUHDVHLQULVNRIVXLFLGHLQOLWKLXPWUHDWHGVXEMHFWV/LWKLXPWKHPRVWXVHG
PRRGVWDELOL]HULVDOVRDQLQKLELWRURIJO\FRJHQV\QWKDVHNLQDVH*6.
DQHQ]\PHZKLFKSOD\VNH\UROHVLQYDULHW\RIFHOOXODUSURFHVVVXFKDVEUDLQ
GHYHORSPHQW RU QHXURSV\FKLDWULF GLVHDVHV 7KH SUHVHQW LQYHVWLJDWLRQ ZDV
XQGHUWDNHQWRH[DPLQHZKHWKHUWKHUHLVDQDEQRUPDOLW\LQWKHEUDLQ*6.
LQERWKSURWHLQOHYHOVDQGHQ]\PHDFWLYLW\RIVXLFLGHYLFWLPV
0HWKRGV 7KLUW\ VXLFLGH YLFWLPV 0) DQG WZHQW\IRXU QRQ VXLFLGH
VXEMHFWV0)ZHUHH[DPLQHGIRUWKHLUEUDLQF\WRVROLF*6.OHYHOV
DQGHQ]\PHDFWLYLW\7KHPHDQDJHZDV\UVDQG\UVIRUVXLFLGH
DQGQRQVXLFLGHVXEMHFWVUHVSHFWLYHO\7KHSRVWPRUWHPLQWHUYDO30,ZDV
KDQGKIRUVXLFLGHDQGQRQVXLFLGHJURXSUHVSHFWLYHO\8VLQJ
WKHKLSSRFDPSXVDQGYHQWUDOSUHIURQWDOFRUWH[3)&DUHD%$*6.
OHYHOVZHUHDVVD\HGWKDQNVWRWKH:HVWHUQ%ORWPHWKRGZLWKDVSHFL¿FDQWL
ERG\DQGDFWLQDVDUHIHUHQFHSURWHLQ7KH*6.DFWLYLW\ZDVHVWLPDWHG
DV WKH OLWKLXPLQKLELWDEOH SKRVSKRU\ODWLRQ DFWLYLW\ RI D VSHFL¿F *6.
VXEVWUDWHDQGH[SUHVVHGLQSHUFHQWRILQKLELWLRQ
5HVXOWV5HVXOWV H[SUHVVHG LQ UHODWLYHRSWLFDOGHQVLW\ 52' LQGLFDWHGQR
VLJQL¿FDQWFKDQJHLQ*6.OHYHOVRIVXLFLGHYLFWLPVHLWKHULQKLSSRFDP
SXVRULQ3)&,QKLSSRFDPSXVWKH52'ZDVYVW 
S 16IRUVXLFLGHDQGQRQVXLFLGHUHVSHFWLYHO\7KHOLWKLXPLQKLE
LWDEOHHQ]\PHDFWLYLW\ZDVDQGW S IRUVXLFLGH
DQGQRQVXLFLGHVXEMHFWVUHVSHFWLYHO\,Q3)&WKH52'ZDVDQG
W S 7KHHQ]\PHDFWLYLW\ZDVUHVSHFWLYHO\
DQGWWHVW S 1RGLIIHUHQFHEHWZHHQPDOHDQGIHPDOH
VXEMHFWVZDVREVHUYHGDQGQRHIIHFWRIDJHRU30,RQ*6.OHYHOVDQG
DFWLYLW\
&RQFOXVLRQV2XU VWXG\GRHVQRW VXSSRUW D UROHRI*6. LQ WKHSDWKR
SK\VLRORJ\RIVXLFLGHQRUDQLQÀXHQFHRI30,DJHRUJHQGHURQ*6.
OHYHOVRUDFWLYLW\7KHUHDUHPXOWLSOHUHDVRQVIRUWKHVHQHJDWLYHUHVXOWV:H
GLG QRW WDNHQ LQWR DFFRXQW RI WKH DQWHPRUWHP GLDJQRVLV RI VXEMHFWV OLNH
GHSUHVVLRQ QRU WKHLU GUXJ KLVWRU\ $OWHUQDWLYHO\ WKH PHWKRGRORJLFDO DS
SURDFKDGRSWHGLQWKLVVWXG\FRXOGEHQRWWKHEHVWDSSURSULDWH*6.LV
DFRQVWLWLYHO\DFWLYHHQ]\PHPRVWO\LQKLELWHGE\SKRVSKRU\ODWLRQDWVHU
DQGWKLVGHWHUPLQHVLWVDFWLYDWLRQVWDWH7KHF\WRVROLFOHYHOVRIFDWHQLQDUH
DOVRFRQVLGHUHGDVLQGLFDWRURI*6.DFWLYLW\$OOWKHVHHOHPHQWVDUHQRZ
EHLQJH[DPLQHG LQRXU ODERUDWRU\EHIRUHGH¿QLWHO\ UXOLQJRXW WKH UROHRI
*6.LQVXLFLGHDFW
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0HQWDO'LVRUGHUVLQWKH(DUO\0RGHUQ1HWKHUODQGV
/HJDO$VSHFWV

6LHJIULHG7XLQLHU
9LQFHQWYDQ*RJK,QVWLWXWHIRU3V\FKLDWU\9HQUD\1HWKHUODQGV
0DMDQ9UROLMN
2EMHFWLYHV(VSHFLDOO\GXULQJWKH¿UVWGHFDGHVDIWHUWKHVHFRQGZRUOGZDU
DIRUPRIKLVWRU\RISV\FKLDWU\ZDVSRSXODU LQZKLFKWKHIXUWKHUSDVWZDV
GHSLFWHG DV GRPLQDWHG E\ VXSHUVWLWLRQ DQG VRUFHU\ ,Q WKDW VDPH SHULRG
KRZHYHU LQ WKH ¿HOG RI SV\FKLDWU\ LWVHOI VWUDQJH XQVFLHQWL¿F LGHDVZHUH
SUHYDOHQW$XWLVPZDVWKRXJKWWREHFDXVHGE\FROGµUHIULJHUDWRU¶PRWKHUV
6FKL]RSKUHQLD UHVXOWHG IURP SDWKRJHQLF FRPPXQLFDWLRQ SURFHVVHV ZLWKLQ
IDPLOLHV DQG VHYHUDO RWKHUV VXSHUVWLWLRXV LGHDV ZHUH SRSXODU 7KHUH ZDV
D VWURQJ WHQGHQF\ WR SURMHFW SULPLWLYH DWWLWXGHV LQ SDVW FHQWXULHV ,Q WKLV
SUHVHQWDWLRQPRGHUQFRQFHSWXDOLVDWLRQLVFRQIURQWHGZLWKGDWDIURPSULPDU\
VRXUFHV
0HWKRGV 3RVWZDU GHVFULSWLRQV DQG FRQFHSWV RI SXEOLF DWWLWXGH WRZDUGV
PHQWDOGLVRUGHUVLQHDUO\PRGHUQWLPHVLQWKHORZFRXQWULHVDUHRSSRVHGWR
PDWHULDOIURPOHJDOVRXUFHVSHQDOODZDQGFLYLOOHJLVODWLRQ7KHVRYHUHLJQ
SRVVHVVHG WKH SUHURJDWLYH RI SDUGRQ DQG WKRXVDQGV RIPDMRU FULPHVZHUH
VXEPLWWHGWRWKH6HFUHW&RXQFLORIWKH(PSHURU7KHUHDWKRURXJKMXULGLFDO
HYDOXDWLRQZDVPDGH&DVHVIURPWKHDUFKLYHVRIWKH6HFUHW&RXQFLORIWKH
(PSHURUDUHUHYLHZHG
5HVXOWV,QWKHVL[WHHQWKFHQWXU\DQGEHIRUHSHRSOHZLWKPHQWDOGLVRUGHUV
DQG PHQWDO UHWDUGDWLRQ ZHUH JUDQWHG SDUGRQ E\ WKH (PSHURU LQ FDVHV RI
PDMRUFULPHV ,Q WKHFLYLO OHJLVODWLRQPHQWDOO\GLVRUGHUHGSHRSOHZHUHDF
NQRZOHGJHGDQGWDNHQFDUHRI
&RQFOXVLRQV 0HQWDO GLVRUGHUV ZHUH UHFRJQLVHG DV LOOQHVVHV LQ WKH HDUO\
PRGHUQ ORZ FRXQWULHV DQG FLYLO DVZHOO DV SHQDO SUDFWLFHV DQG OHJLVODWLRQ
DFNQRZOHGJHGWKDW
32
&OLQLFDO&RUUHODWHVRI6XEVWDQFH$EXVHDPRQJ6&+6SHFWUXP
3DWLHQWV
1DGD'MRUGMHYLF
3V\FKLDWU\&OLQLF1LV6HUELDDQG0RQWHQHJUR
'UDJRVODYD*XJOHWD6X]DQD7RVLF*ROXERYLF
2EMHFWLYHV7KHDEXVHRIGUXJVDQGDOFRKROE\SHUVRQVZLWKVHYHUHPHQWDO
LOOQHVVKDVDZLGHUDQJHRIDGYHUVHHIIHFWVRQWKHFRXUVHRIPHQWDO LOOQHVV
DQGSV\FKRVRFLDOIXQFWLRQLQJLQFOXGLQJFRPSOLDQFHSURJQRVLVDQGUDWHVRI
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
DFXWHVHUYLFHXWLOL]DWLRQ7KHSURSRUWLRQRIVFKL]RSKUHQLDSDWLHQWVVXIIHULQJ
IURP D FRPRUELG GUXJ RU DOFRKRO XVH GLVRUGHU YDULHV WUHPHQGRXVO\ IURP

0HWKRGV 7KH DLP RI RXU VWXG\ ZDV DVVHVVLQJ WKH DVVRFLDWLRQ RI QDWXUH
DQG VHYHULW\ RI VXEVWDQFH DEXVHZLWK GHPRJUDSKLFV GLDJQRVLV KLVWRU\ RI
LOOQHVV DQG V\PSWRPV LQ  UHFHQWO\ KRVSLWDOL]HG ,&' ; VFKL]RSKUHQLF
VFKL]RSKUHQLIRUPDQGVFKL]RDIIHFWLYHGLVRUGHUSDWLHQWV:HDOVRFRPSDUHG
REWDLQHGUHVXOWVZLWKFRQWUROVUHFHQWO\KRVSLWDOL]HGSV\FKRWLFQRQDEXV
HUVSDWLHQWV
5HVXOWV$WOHDVWKDOIRIWKHVXEVWDQFHDEXVHUVZHUHXVLQJDOFRKRORUFDQDELV
7KH VXEVWDQFH DEXVHJURXSZDV\RXQJHU WHQGHG WRKDYH WKHLU¿UVW KRVSL
WDOL]DWLRQDWDQHDUOLHUDJHDQGKDGDVLJQL¿FDQWO\KLJKHUVHYHULW\RILOOQHVV
VFRUHRQWKH%356SRVLWLYHVFDOHRI3$1667KH\KDGQHDUO\WZLFHDVPDQ\
KRVSLWDOL]DWLRQVDQGUHODSVHVLQWKH\HDUVSULRUWRWKHVWXG\6XEVWDQFHXVH
ZDVIRXQGWREHDEHWWHUSUHGLFWRURIUHODSVHDQGKRVSLWDOL]DWLRQ
&RQFOXVLRQV 7KH ¿QGLQJV VKRZ WKDW HQYLURQPHQWDO IDFWRUV PD\ EH LP
SRUWDQW GHWHUPLQDQWV RI VXEVWDQFH DEXVH DPRQJ VFKL]RSKUHQLFVSHFWUXP
SDWLHQWV DQG WKDW FOLQLFDO GLIIHUHQFHV UHODWHG WR DEXVH YDU\ ZLWK GLIIHUHQW
W\SHVRIGUXJV
5HIHUHQFHV
+DPEUHFKW0 +DIQHU +  &DQDELV YXOQHUDELOLW\ DQG WKH RQVHW RI
VFKL]RSKUHQLD DQ HSLGHPLRORJLFDO SHUVSHWLYH $XVW 1 = 3V\FKLDWU\ 

'HUYDX[ $ %DXOH )- /DTXHLOOH ; HW DO  ,V VXEVWDQFH DEXVH LQ
VFKL]RSKUHQLDUHODWHGWRLPSXOVLYLW\VHQVDWLRQVHHNLQJRUDQKHGRQLD"$P-
3V\FKLDWU\
32
3UHGLFWLRQRI5HSRQVHWR&LWDORSUDPDQG5HER[HWLQH
7UHDWPHQWLQ0DMRU'HSUHVVLRQE\,QWHQVLW\'HSHQGHQW
$XGLWRU\(YRNHG(US&RPSRQHQWV
7KRPDV/LQND
&OLQLFIRU3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\RI'XLVEXUJ
(VVHQ(VVHQ*HUPDQ\
%:0OOHU$+HVVH*6DUWRU\0*DVWSDU
2EMHFWLYHV7KHVWLPXOXVLQWHQVLW\GHSHQGHQFH,'$3RIDXGLWRU\HYRNHG
(YHQW 5HODWHG 3RWHQWLDOV (53 FRPSRQHQWV KDV EHHQ VXJJHVWHG DV DQ
LQGLFDWRURIFHQWUDOVHURWRQHUJLFQHXURWUDQVPLVVLRQZLWKUHOHYDQFHWRSKDU
PDFRORJLFDOWUHDWPHQW
0HWKRGV:HHYDOXDWHGDFXWHO\GHSUHVVHGLQSDWLHQWVZLWKPDMRUGHSUHV
VLYHHSLVRGH'60,9LQWKHFRXUVHRIWUHDWPHQWHLWKHUZLWKWKH6HOHFWLYH
6HURWRQLQ 5HXSWDNH ,QKLELWRU 665, &LWDORSUDP Q     IHPDOH 
PDOHPHDQ DJH  \HDUV RUZLWK WKH 6HOHFWLYH1RUDGUHQDOLQ5H
XSWDNH,QKLELWRU615,5HER[HWLQHQ IHPDOHPDOHPHDQDJH
 \HDUV (53ZHUH UHFRUGHG  GD\ EHIRUH EHJLQQLQJ DQWLGHSUHV
VDQWSKDUPDFRWKHUDS\&OLQLFDO V\PSWRPVRIGHSUHVVLRQZHUHDVVHVVHGE\
PHDQVRIVWDQGDUGL]HGSV\FKLDWULFUDWLQJVFDOHV&OLQLFDO*OREDO,PSUHVVLRQ
+DPLOWRQ'HSUHVVLRQ5DWLQJ6FDOH+'56LWHPVDQG%HFN'HSUHVVLRQ
,QYHQWRU\DWWKHGD\RI(53UHFRUGLQJDQGDIWHUWRZHHNVPHDQGD\V
RIDQWLGHSUHVVDQWWUHDWPHQW
5HVXOWV2XUGDWDUHYHDOHGDVLJQL¿FDQWFRUUHODWLRQEHWZHHQLQWHQVLW\VORSHV
RI WKH1DPSOLWXGHSULRU WR&LWDORSUDPWUHDWPHQWDQGWUHDWPHQWUHVSRQVH
GHFUHDVH RI +'566FRUH SDWLHQWV ZLWK KLJKHU SUHWUHDWPHQW LQWHQVLW\
VORSHVRI1DPSOLWXGHVKRZHGDVLJQL¿FDQWO\VWURQJHUGHFUHDVHRI+'56
6FRUHU S DW)]WKDQSDWLHQWVZLWKLQWKHORZHULQWHQVLW\VORSH
UDQJHV&RQYHUVHO\IRUSDWLHQWVWUHDWHGZLWK5HER[HWLQHZHIRXQGDKLJKO\
VLJQL¿FDQWU SDW)]LQYHUVHFRUUHODWLRQ
&RQFOXVLRQV$V D ORZ ,'$3 LV DVVRFLDWHG ZLWK D IDYRUDEOH UHVSRQVH WR
615,WUHDWPHQWDQGDKLJK,'$3ZLWKDIDYRUDEOHUHVSRQVHWR665,WUHDW
PHQW LQPDMRUGHSUHVVLRQ WKLVDSSURDFKPD\SURYLGHDQHDVLO\DSSOLFDEOH
PHWKRG IRU FOLQLFLDQV LQ WKH LQLWLDO GLIIHUHQWLDO LQGLFDWLRQ RI VHURWRQHUJLF
YHUVXVQRUDGUHQHUJLFDQWLGHSUHVVDQWV&RQVLGHULQJWKHLQFUHDVLQJHFRQRPLF
SUHVVXUHRQWKHSXEOLFKHDOWKFDUHV\VWHPWKLVDSSURDFKPLJKWFRQWULEXWHWRD
IDVWHUWUHDWPHQWVXFFHVLQWKHWKHUDS\RIDIIHFWLYHGLVRUGHUV
5HIHUHQFHV
/LQND70OOHU%:%HQGHU6DQG6DUWRU\*7KHLQWHQVLW\GHSHQGHQFHRI
WKHDXGLWRU\HYRNHG1FRPSRQHQWDVDSUHGLFWRUWR&LWDORSUDPWUHDWPHQWLQ
SDWLHQWVZLWKPDMRUGHSUHVVLRQ1HXURVFLHQFH/HWWHUV
32
*OXFRFRUWLFRLG5HFHSWRU*HQH%DVHG613$QDO\VLVLQ8QLSRODU
$IIHFWLYH'LVRUGHU
'LUNYDQ:HVW
)URPWKH'HSDUWPHQWRI0ROHFXODU*HQHWLFV)ODQGHUV,QWHUX
QLYHUVLW\,QVWLWXWHIRU%LRWHFKQRORJ\9,%WKH&ROODERUDWLYH
$QWZHUS3V\FKLDWULF5HVHDUFK,QVWLWXWH&$35,8QLYHUVLW\
RI$QWZHUSDQGWKH8QLYHUVLW\&HQWUHRI&KLOGDQG$GROHVFHQW
3V\FKLDWU\$QWZHUS8&.-$%HOJLXP
)LOLS9DQ'HQ(HGH-XUJHQ'HO)DYHUR'DQLHO6RXHU\
.DUO)UHGULN1RUUEDFN&RUQHOLD9DQ'XLMQ6DP6OXLMV
5ROI$GROIVVRQ-XOLHQ0HQGOHZLF]'LUN'HERXWWH
&KULVWLQH9DQ%URHFNKRYHQ6WHSKDQ&ODHV
%DFNJURXQG ,QFUHDVLQJ DPRXQWV RI GDWD VXJJHVW WKDW DIIHFWLYH GLVRUGHUV
PLJKW EH UHODWHG WR G\VUHJXODWLRQ RI WKH K\SRWKDODPLFSLWXLWDU\DGUHQDO
+3$ D[LV RQH RI WKH VWUHVVUHVSRQVH V\VWHPV 'DWD VXSSRUWLQJ WKH QR
WLRQWKDWJOXFRFRUWLFRLGPHGLDWHGIHHGEDFNLQKLELWLRQLV LPSDLUHGLQPDMRU
GHSUHVVLRQFRPHIURPDPXOWLWXGHRIVWXGLHVGHPRQVWUDWLQJQRQVXSSUHVVLRQ
RIFRUWLVROVHFUHWLRQIROORZLQJDGPLQLVWUDWLRQRIWKHV\QWKHWLFJOXFRFRUWLFRLG
GH[DPHWKDVRQH
2EMHFWLYHV:HH[DPLQHGZKHWKHUJHQHWLFYDULDWLRQVLQWKHJOXFRFRUWLFRLG
UHFHSWRUJHQH*&&5FRXOGEHDVVRFLDWHGZLWKLQFUHDVHGVXVFHSWLELOLW\WR
XQLSRODUDIIHFWLYHGLVRUGHUXVLQJDZKROHJHQHEDVHGDVVRFLDWLRQDQDO\VLVRI
VLQJOHQXFOHRWLGHSRO\PRUSKLVPV613V
0HWKRGV )LYH 613V ZHUH LGHQWL¿HG LQ *&&5 DQG JHQRW\SHG LQ  ZHOO
GLDJQRVHGVDPSOHVRISDWLHQWVZLWKXQLSRODUDIIHFWLYHGLVRUGHUDVFHUWDLQHG
LQ%HOJLXPDQGQRUWKHUQ6ZHGHQ
5HVXOWV,QWKH%HOJLDQVDPSOHZHREVHUYHGVLJQL¿FDQWDOOHOHS DQG
JHQRW\SHS DVVRFLDWLRQZLWK613*&&5LQWKH6ZHGLVKVDPSOH
ZHREVHUYHGVLJQL¿FDQWDOOHOHDQGJHQRW\SHDVVRFLDWLRQZLWK613*&&5D
ERWK S   DQG613*&&5E ERWK S  7KHPDMRU KDSORW\SH
GH¿QHG E\ DOOHOHV 7B*B*B$B7 IRU WKH *&&5 613V *&&5B*&&5DB
*&&5EB*&&5B*&&5ZDVRQO\ VLJQL¿FDQW LQ WKH%HOJLDQ VDPSOH S
 
&RQFOXVLRQV7KH UHVXOWV RI WKLV VWXG\ LPSOLHG WKDW D JHQHWLF YDULDWLRQ LQ
*&&5LVSUREDEO\DQLQGLUHFWIDFWRULQWKHYXOQHUDELOLW\IRUXQLSRODUDIIHF
WLYHGLVRUGHU
5HIHUHQFHV
'H5LMN5+6FKDDI0GH.ORHW(5*OXFRFRUWLFRLGUHFHSWRUYDUL
DQWVFOLQLFDOLPSOLFDWLRQV-6WHURLG%LRFKHP0RO%LRO
-XUXHQD0)&OHDUH$-%DXHU0(3DULDQWH&00ROHFXODUPHFKD
QLVPVRIJOXFRFRUWLFRLGUHFHSWRUVHQVLWLYLW\DQGUHOHYDQFHWRDIIHFWLYHGLVRU
GHUV$FWD1HXURSV\FKLDWULFD
:VW69DQ5RVVXP())UHGHUHQNR,6.RSHU-:.XPVWD5+HOOKDPPHU
':&RPPRQSRO\PRUSKLVPV LQ WKHJOXFRFRUWLFRLG UHFHSWRUJHQH
DUHDVVRFLDWHGZLWKDGUHQRFRUWLFDO UHVSRQVHV WRSV\FKRVRFLDOVWUHVV-&OLQ
(QGRFULQRO0HWDE
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0LJUDWLRQ0H[LFR(XDQGLWV&RQVHTXHQFHVLQ0HQWDO+HDOWK
+XPEHUWR5LFR'tD]
6RF)UH\UH*DOLFLD-XDQD0H[LFR
-RVH/XLV*DUFLi$JXLUUH
7KHPLJUDWLRQIURP0H[LFDQWR$PHULFDQWHUULWRU\LVPRVWH[FHOOHQWRIWKH
ZRUOGVLQFHPLOOLRQRI0H[LFDQUHVLGHOHJDOO\LQ(8PLOOLRQVXUYLYH
PRUH OLNH XQGRFXPHQWHG SHRSOH SUHIHUUHGO\ LQ WKH VWDWHV RI &DOLIRUQLD
7H[DV,OLQRLV$UL]RQD*HRUJLDDQG&DUROLQDRIWKH1RUWK7KHSHUFHQW
RIWKHXQGRFXPHQWHGPLJUDQWHVLVPHQRIEHWZHHQDQG\HDUVZLWKD
VFKRROLQJRI\HDUVDQGWKDWFRPHIURPXUEDQDUHDVFRPHIURPRU
JDQL]DWLRQVRIWKHQRUWKRI0H[LFRRIWKHFHQWHUDQGRIWKHVRXWK
VWDQGLQJRXWWKRVHWKDWFRPHIURP-DOLVFR0LFKRDFiQDQG*XDQDMXDWRDQG
WKHUHFHQWSDUWLFLSDWLRQRIPHQEHHQERUQLQWKHVWDWHVRI3XHEOD9HUDFUX]
DQGWKH)HGHUDO'LVWULFWWKHHFRQRPLFLPSRUWDQFHRIWKHFRQWULEXWLRQVZKLFK
WKH\PDNHWKH0H[LFDQZRUNHUVWRWKH8QLWHG6WDWHVDUHXQGHQLDEOHVLQJOHLV
HQRXJKWRVD\WKDWWKH\DUHRZQHUVRIWKRXVDQGFRPSDQLHVDQGJHQHUDWH
ELOOLRQGROODUVWRWKH\HDUGHVSLWHDWWKHPRPHQWVHYHUDOSURSRVDOVH[LVW
VR WKDW WKH UHSDWULDWLRQRI WKHXQGRFXPHQWHGSHRSOH LV LPPHGLDWH DQG WKH
DFFHVVWRVHUYLFHVRIKHDOWKDQGWKHHGXFDWLYHLQVWLWXWLRQHQWHUUHIXVHWRWKHP
/4(%2¬¬0OSTER¬3ESSION¬.O
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
DPRQJRWKHUWKLQJV)RU0H[LFRWKHUHPLWWDQFHVWKDWVHQGWKHPLJUDQWHVWR
WKHLUUHODWLYHVPHDQPXFKPRUHWKDWDVLPSOHFRQWULEXWLRQVLQFHKRSHVWKDW
GXULQJ WKH  VHQGV WR RXU FRXQWU\ QHDU  ELOOLRQ GROODUV DQG IRU WKH
VHQGXSWRELOOLRQWKDWLVWRVD\WKHLQFRPHWKDW0H[LFRE\FRQFHSW
RI UHPLWWDQFHV RI0H[LFDQZRUNHUV LQ WKH8QLWHG 6WDWHV UHFHLYHV DOUHDG\
UHDFKHGIURPZKLFK LW UHFHLYHV WKHFRXQWU\E\FRQFHSWRISHWUROHXP
VDOH,QDGGLWLRQRQHRIHDFK0H[LFDQKRPHVREWDLQVRIHFRQRPLF
UHVRXUFHVIURPZKLFKWKH\UHFHLYHIURPKLVUHVLGHQWUHODWLYHVLQ(8,QVSLWH
RI WKH LPSRUWDQFHRI WKHZRUNDQGSURGXFWLYLW\RI WKH0H[LFDQPLJUDQWH
WKLV RQH SUDFWLFDOO\ LV VLQJOH EHIRUH WKH ULVN RI VLFNHQLQJ RU RI G\LQJ IDU
IURPKLVIDPLO\DQGSODFHRIRULJLQ$SSDUHQWO\WKHVHULVNVGHULYHIURPWKH
FXOWXUDO VKRFNZKLFK WKH\ IDFH WKDW LQFOXGHV WKH GHYHORSPHQW RI REHVLW\
GLDEHWHVDQGK\SHUWHQVLRQDVZHOODV WKHSUDFWLFHRI WKHVH[XDOLW\ZLWKRXW
SURWHFWLRQ DQG WKH GLYHUVH GUXJ FRQVXPSWLRQ WKDW LV FRQVHTXHQFH RI 
RIUHJLVWHUHGFDVHVRI$,'6LQWHPSRUDU\ZRUNHUVZKHQWKH\UHWXUQWRWKH
FRXQWU\$OWKRXJKWKHH[DFWQXPEHURIXQGRFXPHQWHGZRUNHUVLVQRWNQRZQ
ZKR DUH UHSDWULDWHG WR SUHVHQWGLVSOD\ PHQWDO DOWHUDWLRQV LV RI DVVXPLQJ
WKDWWKHH[KLELWLRQWRGUXJVWKH$,'6DQGWKHFXOWXUDOVKRFNDWOHDVWH[LVW
DERXW WKRXVDQGVDIIHFWHGE\VHYHUHPHQWDOXSKHDYDOV7KLV VLWXDWLRQ
SHUIHFWO\LVQRWLQFOXGHGXQGHUVWRRGLQ0H[LFRLQDVPXFKVLQJOHWKH\DVN
IRUSV\FKLDWULFPHGLFDOVHUYLFHZKHQLWKDVDOUHDG\SDVVHGFHUWDLQWLPHRILWV
UHWXUQDQGZRUVHQLQJRIWKHKHDOWKVWDWH,QWKLVZRUNUHVXOWVRIWKHSV\FKL
DWULFPHGLFDODLGUHTXLUHGE\PLJUDQWHVDSSHDUGXULQJ\HDUWKDWHQWHU
WKH 3V\FKLDWULF+RVSLWDO )UD\%HUQDUGLQR WKH$OYDUH] DQGZKR VKRZ OLNH
PDLQSUREOHPRIKHDOWKWKHPHQWDOXSKHDYDOVGHULYHGIURPWKHFRQVXPSWLRQ
RIGUXJVRUE\SVLFyWLFREXG)RUVXFKHIIHFWWKHGDWDRIWKRVHSDWLHQWVZHUH
UHJLVWHUHGZKR UHIHUUHG WRKDYH UHVLGHG LQ WKH8QLWHG6WDWHV WKUHHPRQWKV
EHIRUHWKHDSSHDUDQFHRIWKHPHQWDOXSKHDYDOKDYLQJLWVHOIUHJLVWHUHGDWRWDO
RIFDVHVRIWKHVHSUHVHQWHGGLVSOD\HGDOWHUDWLRQVGXHWRWKHGUXJFRQ
VXPSWLRQZHUHGLDJQRVHGZLWKVFKL]RSKUHQLDDQGSUHVHQWHGGLVSOD\HG
SV\FKLDWULFDOWHUDWLRQVGXHWRWKH9,+
.H\ZRUGV0LJUDWLRQ0HQWDO+HDOWK$GGLFWLRQV
%LEOLRJUDSK\
0ROLQD5DPLUH]7DQLDÄ7ROLYHLQ&DOLIRUQLDDQGQRWWREHFRPHLOOLQWKH
DWWHPSW³0DVLRVDUH7KH1~P'D\
/D-RUQDGD³(QIRXU\HDUVWKHVHUYLFHRIWKHGHEWDEVRUEHGWKHWRWDORIWKH
UHPLWWDQFHV0H[LFR
 *DUFLµD %HUQDO &ULVWyEDO ÄWKH LQGLFDWLYH RQH SURSRVHV WR GHQ\ WR XQ
GRFXPHQWHG VHUYLFHV RI KHDOWK DQG HGXFDWLRQ ,W UHSUREDWHV WKH JRYHUQRU
RI SURSRVH$UL]RQD DQG LW GHVFULEHV LW DV5DFLVWD³0H[LFR
7KH'D\
&21$32OVWHVWLPRQLRVKWPO
 %URQIPDQ 0DULR HWDO 0LJUDWLRQ DQG $,'6 LQ 0H[LFR DQG &HQWUDO
$PHULFD$5HYLVLRQRI/LWHUDWXUH(G&21$6,'$0H[LFR
6(*2%0H[LFR(8$5HODWLRQ%XOOHWLQÄ,1)2,10³WKHQRIURP
WKHWRWKHRI0DUFK1DWLRQDO1HZVDFHUYRKWP(UURU0DUNHU
QRWGH¿QLGRDFHUYRKWP
32
(FRQRPLF&RVWLQ0H[LFDQ)DPLOLHVIRUWKH$WWHQWLRQRI
'LVHDVHV0DQWDOHV
-RVH/XLV*DUFLi$JXLUUH
0H[LFR
)UH\UH*DOLFLD-/RSH]3HxD1$/XQD6RULD)
&RUWH]%HUURVSH0&*DUFLD3RKOHQ]-&
,QWURGXFWLRQ7KHLPSRVVLELOLW\RIWKH0H[LFDQJRYHUQPHQWWRHVWDEOLVKDO
WHUQDWLYHVRIXQLYHUVDOKHDOWKIRULWVSRSXODWLRQKDVKDGVWURQJLPSOLFDWLRQV
LQWKHTXDOLW\RIOLIHRIWKRVHZKRWKHGLVHDVHVDQGFDWDVWURSKLFUHSHUFXVVLRQV
IRUWKHHFRQRP\RIWKHIDPLOLHVVXUYLYH7KLVSKHQRPHQRQDOUHDG\KDVEHHQ
LQFOXGHGXQGHUVWRRGE\WKHSUHVHQWJRYHUQPHQWDQGKDVGHVLJQHGIRUVXFK
HIIHFWVDQHZW\SHRI6XUHO\3RSXODUGHQRPLQDWHG0HGLFDO,QVXUDQFHWKDW
WDNHVFDUHRIWKHSDWKRORJLHVPRUHIUHTXHQWWKDQLWXQGHUJRHVKLVSRSXODWLRQ
7KHFDVHRIWKHPHQWDOGLVHDVHVFRQWLQXHVEHLQJDTXHVWLRQWKDWLVZLWKRXW
VROYLQJVLQFHWRWKHGDWHQRLQVXUDQFHFRYHUVZLWKWRWDODQGSHUPDQHQWZD\
WKLVW\SHRIGLVHDVHVDQGSRVVLEO\LWPHDQVIDPLOLDUWRKDYHWKHPWREX\WKH
PHGLFLQHVWKDWDUHUHTXLUHGWRFRQWUROWKHSDWKRORJ\DQGLQWKHXQGHUVWRRG
RQHWKDWWKLVSXUFKDVHQHYHUJXDUDQWHHVWKHUHFRYHU\RIWKHKHDOWKEXWVLQJOH
WKHFRQWURORIWKHVLQWRPDWRORJtDRIWKHSDWLHQWV7RWKHGDWHZKDWHYHULVQRW
NQRZQVSHQGWKHUHODWLYHVRIPHQWDOSDWLHQWVWRWDNHFDUHRILWVSDWLHQWVDQG
WRPDLQWDLQWKHPVWDEOH:KDWLINQRZVLWLVWKDWRQHRIWKHPRVWIUHTXHQW
UHDVRQVWKDQUHIHUVWKHUHODWLYHVDQGWKHRZQSDWLHQWVWRVXVSHQGWKHWUHDW
PHQWVLVDPRQJRWKHUUHDVRQVWKHRQHRIWKHDFFHVVWRPHGLFLQHVWKHFRVWRI
WKHVHDQGWKHPHGLFLQHDYDLODELOLW\WKDWWKH\UHTXLUHLQKLVSODFHVRIRULJLQ
7KHGLVUXSWLYHFRQGXFWRIWKHPHQWDOSDWLHQWVDQGWKHFRVWRIWKHWUHDWPHQWV
VRPHWLPHVJLYHDVUHVXOW,PLVWUHDWDQGDEDQGRQPHQWRIWKHSDWLHQWLWVFURQL
FLGDGDQGSRVVLEO\LWVGHDWK)RUWKDWUHDVRQZHKDYHRFFXUUHGWRWKHWDVNRI
LQYHVWLJDWLQJZKLFKHYHUKLOOLQ0H[LFRWKHWUHDWPHQWRIWKHPHQWDOSDWLHQWV
DQGKRZLWKLWVLQWKHIDPLOLDUHFRQRP\WKLVFRVWZKLOHDFFRUGLQJWRHVWLPD
WLRQVRIWKH1DWLRQDO,QVWLWXWHRI*HRJUDSK\DQG6WDWLVWLFWKH\LQGLFDWHWKDW
KDOIRIWKHSRSXODWLRQOLYHVLQSRYHUW\DQGWHQPLOOLRQRI0H[LFDQREWDLQOHVV
IURPDGDLO\GROODUWRVXUYLYHUHDVRQZK\DUHFRQVLGHUHGLQH[WUHPHSRYHUW\
ÄWKHQDWLRQDODFFRXQWVRIKHDOWKLQGLFDWHWKDWPRUHRIWKHSHUFHQWRIWKH
WRWDOFRVWLQKHDOWKLWLVSULYDWHFRVWDQGPRUHRIWKHSHUFHQWRIWKHVDPH
RQHLVFRVWWKDWFRPHVGLUHFWO\IURPWKHSHUVRQDOSRFNHW$OVRLW LVNQRZQ
WKDWWKLVODVWRQHWHQGVWREHJUHDWHUOLNHSHUFHQWDJHRIWKHWRWDOHQWUDQFHLQ
WKHSRRUHVWKRPHV$OVRRQHFDOFXODWHVSUHVHUYDWLYHZKLFKHYHU\\HDUEH
WZHHQWZRDQGWKUHHPLOOLRQ0H[LFDQKRPHVWKH\DUHIRUFHGWRPDNHXVHRI
PRUHRIWKHWKLUGSDUWRIKLVHQWUDQFHDYDLODEOH¿QDQFLQJWKHDWWHQWLRQRIKLV
KHDOWKZLWKZKLFKLQFXUZKLFKLWLVNQRZQOLNHFDWDVWURSKLFH[SHQVHV³
0DWHULDODQG0HWKRGV,QRUGHUWRNQRZWKHLPSDFWHFRQRPLFWKDWKDVWKH
SV\FKLDWULFWUHDWPHQWVLQWKHIDPLOLHVZKRDUHWDNHQFDUHRILQWKH3V\FKLDWULF
+RVSLWDO)UD\%HUQDUGLQR$OYDUH]GHVLJQHGDSUREDELOtVWLFDVDPSOHZLWKD
0D[LPDYDULDELOLW\ DQG DQ HUURU RI  WKDW VKH UHTXLUHGRI  FDVHV WR
VWXG\,QRUGHUWRVHOHFWWKHFDVHVWKHVDPSOLQJVWUDWL¿HGXVLQJWKHWHQ¿UVW
FDXVHVRISV\FKLDWULFPRUELGLW\SHUPRQWKGXULQJ\HDUZDVXVHG7KH
YDULDEOHV WKDW ZLOO EH PRGHUDWH DUH GLDJQRVLV RI GHELW SV\FKLDWULF DQG
QRQSV\FKLDWULFPHGLFDOWUHDWPHQWHFRQRPLFOHYHOHVWDEOLVKHGE\WKHDUHDRI
6RFLDO:RUNQXPEHURILQWHUQDPLHQWRVUHJLVWHUHGLQWKHKRVSLWDOGXHWRWKH
DJXGL]DFLyQRIWKHVXIIHULQJFRVWRIKRVSLWDOL]DWLRQWLPHRIWKHKRVSLWDOL]D
WLRQSV\FKLDWULFPHGLFLQHVSUHVFULEHGWRWKHGHELWDQGDSSUR[LPDWHGFRVWRI
WKLV WUHDWPHQWIRU WUDGHQDPHV7KHGDWDZLOOEHDQDO\]HGZLWKGHVFULSWLYH
DQG SDUDPHWULF VWDWLVWLF IRU RQH DQG PRUH VDPSOHV VLQFH LW LV GHVLUHG WR
FRPSDUH LI WKH FRVW LV VLJQL¿FDQWO\ GLIIHUHQW GHSHQGLQJ RQ WKH SDWKRORJ\
WKDWLVVXIIHUHGRULIWKHVLQJOHIDFWWRXQGHUJRPHQWDOXSKHDYDOLVHTXDOO\
FDWDVWURSKLFIRUWKHIDPLOLDUHFRQRP\
'LVWULEXWLRQRIWKHVDPSOHIRUUHYLVLRQRI¿OHV
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3RVWHU6HVVLRQ1R
32
'HSUHVVLRQ$Q[LHW\DQG6OHHS'LVRUGHUVLQ&$'SDWLHQWV
$XGULXV$ORQGHULV
,QVWLWXWHRI3V\FKRSK\VLRORJ\DQG5HKDELOLWDWLRQ/LWKXDQLD
,QJD'XRQHOLHQH*UDåLQD9DO\WH*LHGULXV9DURQHFNDV
2EMHFWLYHV&DUGLDFSDWKRORJ\VXFKDV&RURQDU\$UWHU\'LVHDVH&$'KDV
QHJDWLYHLPSDFWWRVOHHSTXDOLW\$OVRGLVWXUEHGVOHHSTXDOLW\LVZRUVHQLQJ
FDUGLRYDVFXODUV\VWHPVWDWXVRI&$'SDWLHQWV'HSUHVVLRQDQGDQ[LHW\UH
ODWHGZLWKGLVWXUEHGVOHHSFRXOGEHDOVRIRXQGLQWKRVHSDWLHQWV6RGHSUHV
VLRQDQ[LHW\VOHHSTXDOLW\DUHLQÀXHQFLQJWRWKH&$'SDWLHQWVFDUGLRYDVFX
ODUV\VWHPVWDWXV$QGUHODWLRQVKLSVEHWZHHQWKHPDUHGLVFXVVHGKHUH
0HWKRGV &RQWLQJHQW RI WKH VWXG\   &$' SDWLHQWV DQG  KHDOWK\
VXEMHFWV $OO VXEMHFWV ZHUH LQYHVWLJDWHG E\ REMHFWLYH PHWKRGV VXFK DV
SRO\VRPQRJUDSK\ DQG FDUGLRYDVFXODU WHVWLQJ ELF\FOH HUJRPHWU\ DFWLYH
RUWKRVWDVLV WHVW 6XEMHFWLYH PHWKRGV DV 3LWWVEXUJK VOHHS TXDOLW\ LQGH[
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
364,+RVSLWDO$Q[LHW\DQG'HSUHVVLRQ6FDOH6KRUW)RUPDOVRZHUH
XVHGGXULQJLQYHVWLJDWLRQ$FFRUGLQJO\WRFDUGLRYDVFXODUIXQFWLRQSDWLHQWV
ZHUHGLYLGHGLQWR1<+$IXQFWLRQDOFODVVHVLQWKH,1<+$IXQFWLRQDOFODVV
ZHUH&$'SDWLHQWVLQ,,FODVV&$'SDWLHQWVDQGLQ,,,FODVV
&$'SDWLHQWV:LWKRXWDQ[LHW\DQGGHSUHVVLRQZHUH&$'SDWLHQWVZLWK
DQ[LHW\±ZLWKGHSUHVVLRQ±DQGZLWKERWKDQ[LHW\DQGGHSUHVVLRQ
±UHVSHFWLYHO\
5HVXOWV&$'SDWLHQWVGHPRQVWUDWHGVLJQL¿FDQWO\UHGXFHGVOHHSHI¿FLHQF\
WRWDOVOHHS WLPHVORZZDYHVOHHSDQG5(0VOHHSGXUDWLRQVFRPSDULQJ WR
KHDOWK\ VXEMHFWV LQ FRQWURO JURXS 6OHHS TXDOLW\ PHDVXUHG E\ VXEMHFWLYH
PHWKRGVZDVZRUVHIRU&$'SDWLHQWVFRPSDULQJWRKHDOWK\FRQWUROV'LV
WXUEHGVOHHSZDVSDUDOOHOHGE\ZRUVHQLQJRIIXQFWLRQDOFODVVDVZHOODVZLWK
FRPSOLFDWLRQVVXFKDVKHDUWIDLOXUHK\SHUWHQVLRQRUGLDEHWHV,WZDVIRXQG
WKDWZRUVHQLQJRIREMHFWLYHVOHHSTXDOLW\LVIROORZHGE\DQLQFUHDVHRI364,
0RUHGLVWXUEHGVOHHSVWUXFWXUHDQGUHGXFHGWRWDOVOHHSWLPHZHUHIRXQGLQ
FDUGLDFSDWLHQWVZLWKGHSUHVVLRQ$OVRLWZDVIRXQGWKDWUHVWRUDWLRQRIWKH
FDUGLRYDVFXODUIXQFWLRQLVEHWWHUIRUSDWLHQWVZLWKORQJHUWRWDOVOHHSWLPHDQG
ORQJHUVORZZDYHVOHHS
&RQFOXVLRQV&$'SDWLHQWV¶GHPRQVWUDWHGVLJQL¿FDQWO\UHGXFHGVOHHSTXDO
LW\PHDVXUHGE\REMHFWLYHPHWKRGV:RUVHQLQJRI1<+$IXQFWLRQDOFODVV
LQ&$'SDWLHQWVZDVIROORZHGE\GHFUHDVHGTXDOLW\RIVOHHS$Q[LHW\ZDV
UHODWHGPRUH WR GHFUHDVHG VOHHS TXDOLW\PHDVXUHG E\ VXEMHFWLYHPHWKRGV
'HSUHVVLRQPRUHVLJQL¿FDQWZRUVHQHGREMHFWLYHVOHHSTXDOLW\PHDVXUHGE\
SRO\VRPQRJUDSK\$Q[LHW\DQGGHSUHVVLRQDQGERWKLPSDLUHGTXDOLW\RIOLIH
LQ&$'SDWLHQWV&$'SDWLHQWVZLWKGHSUHVVLRQDQGDQ[LHW\DUHORRVLQJDELO
LW\IRUUHVWRUDWLRQRIDXWRQRPRXVKHDUWUDWHFRQWURO
32
7ULWWLFR$&LQ'HSUHVVLRQZLWK,QVRPQLDLQ0HQRSDXVDO
:RPHQ
$GHOD&LREDQX
&DURO'DYLOD8QLYHUVLW\2EUHJLD3V\FKLDWU\+RVSLWDO%XFKDUHVW
5RPDQLD
&DWDOLQD3RLDQD
2EMHFWLYHV7RHYDOXDWHWKHHIIHFWVDIHW\DQGWROHUDELOLW\RI7ULWWLFR$&
WUD]RGRQHLQDJURXSRIGHSUHVVHGPHQRSDXVHZRPHQZLWKLQVRPQLD
0HWKRGVZRPHQDJHG\HDUVGLDJQRVHGZLWKGHSUHVVLRQE\'60
,975FULWHULDDQGPHQRSDXVHZHUHWUHDWHGZLWK7ULWWLFR$&7KHGRVH
ZDVÀH[LEOHIURPPJWRPJSHUGD\IRUPRQWKRIVWXG\$IWHU
ZHHNV LI QHFHVVDU\ WKH GRVHZDV LQFUHDVHG WR PJGD\ 3DWLHQWV¶
VWDWHZDVHYDOXDWHGZHHNO\XVLQJWKH+DPLOWRQGHSUHVVLRQUDWLQJVFDOHDQG
+DPLOWRQDQ[LHW\UDWLQJVFDOH6RPHSDWLHQWVZDVHYDOXDWHGXVLQJSRO\VRP
QRJUDSKLHVLQ¿UVWGD\DQGDIWHURQHPRQWK$VRPDWLFVFUHHQLQJFRQVLVWLQJ
LQ(&*EORRGSUHVVXUHSXOVHDQGZHLJKWZDVSHUIRUPHG
5HVXOWV$ VLJQL¿FDQW WKHUDSHXWLFDOO\ HIIHFW DIWHU RQHPRQWK RI WUHDWPHQW
ZDVDFKLHYHGLQDOOSDWLHQWV7KHDQDO\]HFKDQJHVLQWKHWRWDOVFRUHRIWKH
+$0'DQG+$0$UHYHDOHGDUHGXFWLRQE\UHVSHFWLYHO\DWWKH
HQGRIWKHVWXG\6OHHSLPSURYHPHQWXQGHU7ULWWLFR$&WUD]RGRQHLQ
FOXGHVWKHQXPEHURIDZDNHQLQJVLQWHUPLWWHQWZDNHVOHHSWLPHDQQRQUDSLG
H\HPRYHPHQW VOHHS1R VHYHUH DGYHUVH HYHQWV DQ QR YROXQWDU\ GURSRXW
ZHUHUHFRUGHG
&RQFOXVLRQV7KH UHVXOWVRI WKLV LQYHVWLJDWLRQGHPRQVWUDWH WKHHI¿FDF\RI
WKHWKHUDSHXWLFUHVSRQVHRI7ULWWLFR$&WUD]RGRQHLQGHSUHVVLRQZLWK
LQVRPQLDLQPHQRSDXVDOZRPHQ7KHWKHUDSHXWLFHIIHFWZDVDQWLGHSUHVVLYH
DQ[LRO\WLFDQGVHGDWLYH
32
$VVRFLDWLRQRI6XLFLGDO%HKDYLRUZLWKWKH73+*HQH
,QD*LHJOLQJ
0ROHFXODUDQG&OLQLFDO1HXURELRORJ\'HSDUWPHQWRI3V\FKLDWU\
/XGZLJ0D[LPLOLDQV8QLYHUVLW\0XQLFK*HUPDQ\
*ROGPDQ'=KRX='LHWULFK,+DUWPDQQ$00|OOHU+-
5XMHVFX'
5LVNRIVXLFLGHUHODWHGEHKDYLRULVVXSSRVHGWREHGHWHUPLQHGE\DFRPSOH[
LQWHUSOD\ RI VRFLRFXOWXUDO IDFWRUV WUDXPDWLF OLIH H[SHULHQFHV SV\FKLDWULF
KLVWRU\SHUVRQDOLW\WUDLWVDQGJHQHWLFYXOQHUDELOLW\7KLVYLHZLVVXSSRUWHG
E\DGRSWLRQDQGIDPLO\VWXGLHVLQGLFDWLQJWKDWVXLFLGDODFWVKDYHDJHQHWLF
FRQWULEXWLRQWKDWLVLQGHSHQGHQWRIWKHKHULWDELOLW\RI$[LV,DQG,,SV\FKR
SDWKRORJ\7KHKHULWDELOLW\IRUVHULRXVVXLFLGHDWWHPSWVZDVHVWLPDWHGWREH
1HXURELRORJLFDOVWXGLHVKDYHVKRZQWKDWVHURWRQHUJLFG\VIXQFWLRQLV
LPSOLFDWHGLQVXLFLGDOEHKDYLRUV7KHVH¿QGLQJVVWLPXODWHGWKHLQYHVWLJDWLRQ
RIYDULDWLRQVLQVHURWRQHUJLFJHQHVLQWKLVFRQWH[W7U\SWRSKDQK\GUR[\ODVH
73+ LV WKH UDWHOLPLWLQJHQ]\PHRI VHURWRQLQELRV\QWKHVLV DQG UHJXODWHV
VHURWRQLQOHYHOV5HFHQWO\DVHFRQG73+LVRIRUPFDOOHG73+HQFRGHGE\
DQDGGLWLRQDOJHQHRQKXPDQFKURPRVRPHKDVEHHQGLVFRYHUHG:HDQG
RWKHUVKDYHVKRZQWKDWLVRIRUPSUHGRPLQDWHVLQWKHFHQWUDOQHUYRXVV\VWHP
,QWKLVVWXG\ZHH[DPLQHGVLQJOHQXFOHRWLGHSRO\PRUSKLVPVLQWKH73+
JHQHZLWKUHJDUGWRVXLFLGDOEHKDYLRUDQGWRDQJHUDVDQLQWHUPHGLDWHVXL
FLGHUHODWHGSKHQRW\SH$VDPSOHRIVXLFLGHDWWHPSWHUVDQGKHDOWK\
YROXQWHHUVZHUHJHQRW\SHG6XLFLGHDWWHPSWHUVDQGFRQWUROVZHUHDGPLQLV
WHUHGVWDQGDUGSV\FKLDWULF LQWHUYLHZVDVZHOODVVHOIUHSRUWTXHVWLRQQDLUHV
7KHYDULDWLRQLQWKH73+JHQHZHUHQRWDVVRFLDWHGZLWKVXLFLGDOEHKDYLRUSHU
VH,QWHUHVWLQJO\DQJHUUHODWHGWUDLWVZHUHDVVRFLDWHGZLWKYDULDWLRQVLQWKLV
JHQH7KHLPSOLFDWLRQRIWKHVHV¿QGLQJVZLOOEHGLVFXVVHG
32
6XLFLGH$WWHPSWVZLWK3V\FKRWURSLFVDQG7UDQVIHUWRD
3V\FKLDWULF:DUG
-RFKHQ.LQGOHU
'HSDUWPHQWRI*HQHUDO3V\FKLDWU\0HGLFDO8QLYHUVLW\RI9LHQQD
$XVWULD
)UH\5LFKDUG+HLGHQ$QJHOD%XU$QGUHDV/DJJQHU$QWRQ
.DVSHU6LHJIULHG
2EMHFWLYHV5HWURVSHFWLYHGDWD RQ DOO LQWR[LFDWHGSDWLHQWV DGPLWWHG WR WKH
('EHWZHHQDQGKDYHEHHQDQDO\VHG,QWKHVDPHSHULRGVHOHF
WLYHVHURWRQLQUHXSWDNHLQKLELWRUV665,VXUSDVVHGWULF\FOLFDQWLGHSUHVVDQWV
7&$FRQFHUQLQJSUHVFULSWLRQIUHTXHQFLHVLQ9LHQQD7KHDLPRIWKHVWXG\
ZDV WR H[DPLQH WKH IUHTXHQF\ RI VXLFLGDO RYHUGRVH ZLWK DQWLGHSUHVVDQWV
$'DQGQHXUROHSWLFV 1/ LQFOXGLQJ W\SLFDODQGDW\SLFDODQWLSV\FKRWLFV
DWWKHHPHUJHQF\GHSDUWPHQW('DQGWRDVVHVVWUDQVIHUGHVWLQDWLRQVDIWHU
GHWR[L¿FDWLRQ
0HWKRGV$QWLGHSUHVVDQWVDQGQHXUROHSWLFVZHUHGLYLGHG LQ WKH IROORZLQJ
VXEJURXSVWULF\FOLFDQWLGHSUHVVDQWV7&$VHOHFWLYHVHURWRQLQUHXSWDNHLQ
KLELWRUV665,RWKHUDQWLGHSUHVVDQWV2$'WULF\FOLFQHXUROHSWLFV7&1/
DQGRWKHUQHXUROHSWLFV21/0RQRDQGSRO\LQWR[LFDWLRQVZHUHDQDO\VHG
VHSDUDWHO\,QWXEDWLRQZDVVXSSRVHGDVPDMRUYDULDEOHWRUHÀHFWWKHVHYHULW\
RIWKHLQWR[LFDWLRQ7KHGHFLVLRQLISDWLHQWVZHUHGLVFKDUJHGRUWUDQVIHUHGWR
DSV\FKLDWULFZDUGZDVPDGHE\DSV\FKLDWULVW
5HVXOWV  SDWLHQWV ZHUH KRVSLWDOL]HG ZLWK VXLFLGDO LQWR[LFDWLRQV 
PRQRLQWR[LFDWLRQVDQGSRO\LQWR[LFDWLRQVZHUHKRVSLWDOL]HG 
SDWLHQWVKDG WREH LQWXEDWHG PRQRDQGSRO\ ,QFDVHV7&$ LQ
665,DQGLQ2$'ZHUHLQYROYHG,QFDVHV7&1/DQGLQ21/
ZHUHLQYROYHG7KHUHPDLQLQJLQWR[LFDWLRQVZHUHPDLQO\FDXVHGE\EHQ]R
GLD]HSLQHV%='Q DQDOJHWLFVQ DQGGUXJVUHODWHGWRLQWHUQDO
PHGLFLQHQ ,QWRWDOSDWLHQWVZHUHWUDQVIHUUHGWRDSV\FKLDWULFZDUG
DIWHUDFXWHPDQDJHPHQWZHUHGLVFKDUJHGDQGGLHG7&$
665,2$'7&1/DQG21/LQWR[LFD
WLRQVZHUHWUDQVIHUUHGWRWKHSV\FKLDWULFZDUG3DWLHQWVZLWK7&$RU7&1/
RYHUGRVHV ZHUH VLJQL¿FDQWO\ PRUH RIWHQ WUDQVIHUUHG WKDQ SDWLHQWV ZLWK
%='  DQDOJHWLFV DQGGUXJVXVHG LQ LQWHUQDOPHGLFLQH 
S)URPSDWLHQWVZKRZHUH LQWXEDWHG SDWLHQWV ZHUH
WUDQVIHUUHGZKHUHDVIURPSDWLHQWVZKRZHUHQRWLQWXEDWHGRQO\SD
WLHQWVZHUHWUDQVIHUUHGS7KHUHZDVQRVWDWLVWLFDOGLIIHUHQFH
EHWZHHQPRQRDQGSRO\LQWR[LFDWLRQVFRQFHUQLQJWUDQVIHUUDWHV
&RQFOXVLRQV 665, LQWR[LFDWLRQV DUH UHPDUNDEO\ OHVV IUHTXHQW WKDQ 7&$
LQWR[LFDWLRQV GHVSLWH RI DSSUR[LPDWHO\ HTXDO SUHVFULSWLRQ IUHTXHQFLHV LQ
WKH REVHUYDWLRQ SHULRG7KH VXEVWDQFH JURXS XVHG IRU WKH VXLFLGH DWWHPSW
LVUHOHYDQWIRUWKHGHFLVLRQLISDWLHQWVDUHWUDQVIHUHGWRDSV\FKLDWULFZDUG
3DWLHQWVZLWK$'DQG1/RYHUGRVHVUHTXLUHGWUHDWPHQWE\SV\FKLDWULVWVPRUH
LQWHQVLYHO\WKDQRWKHUV$QRWKHULPSRUWDQWIDFWRUIRUWKHWUDQVIHULVWKHVHYHU
LW\RIWKHLQWR[LFDWLRQH[SUHVVHGE\WKHLQWXEDWLRQUDWH
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
32
$OH[LWK\PLD'HSUHVVLRQDQG6HUXP/LSLGVLQ6XLFLGH
$WWHPSWHUV
9DVVLOLV.RQWD[DNLV
8QLYHUVLW\RI$WKHQV'HSDUWPHQWRI3V\FKLDWU\(JLQLWLRQ+RVSL
WDO$WKHQV*UHHFH
.RQVWDQWLQRV3DSORV%HDWD+DYDNL.RQWD[DNL
3DQD\RWLV)HUHQWLQRV&RQVWDQWLQ6ROGDWRV
2EMHFWLYHV2YHUWKHODVWGHFDGHVHYHUDOVWXGLHVKDYHGLVFXVVHGWKHDVVRFLD
WLRQEHWZHHQVHUXPFKROHVWHUROGHSUHVVLYHGLVRUGHUVDQGVXLFLGH$VSHFL¿F
SV\FKRORJLFDO YDULDEOH UHODWHG WR DIIHFW LV DOH[LWK\PLD $/ ,Q WKLV VWXG\
ZHH[DPLQHGWKHSRVVLEOHUHODWLRQVKLSEHWZHHQ$/GHSUHVVLRQ'(35DQG
VHUXPOLSLGVLQVXLFLGHDWWHPSWHUV
0HWKRGV:HVWXGLHGVXLFLGHDWWHPSWHUVZLWKDPHDQDJHRI
\HDUV $/ ZDV PHDVXUHG XVLQJ WKH 6KDOOLQJ6LIQHRV 3HUVRQDOLW\ 6FDOH
5HYLVHG 66365 DQG '(35 XVLQJ WKH0RQWJRPHU\$VEHUJ 'HSUHVVLRQ
5DWLQJ 6FDOH 0$'56 6HUXP OLSLGV FRQFHQWUDWLRQV ZHUH GHWHUPLQHG
E\HQ]\PDWLFPHWKRGZLWKLQKRIKRVSLWDODGPLVVLRQ)RU WKHVWDWLVWLFDO
HYDOXDWLRQ6SHDUPDQ¶VUDQNFRUUHODWLRQFRHI¿FLHQWVZHUHXVHG
5HVXOWV 7KH PHDQ VHUXP OLSLG OHYHOV ZHUH WRWDO FKROHVWHURO 7&
 KLJKGHQVLW\ OLSRSURWHLQ FKROHVWHURO +'/&
ORZ GHQVLW\ OLSRSURWHLQ FKROHVWHURO /'/&  VHUXP WULJO\F
HULGHV 675  7KH PHDQ VFRUHV RQ WKH TXHVWLRQQDLUHV ZHUH
0$'56663657KHUHZHUHVLJQL¿FDQWFRUUHODWLRQV
EHWZHHQD66365VFRUHDQG0$'56VFRUHU SE66365
VFRUHDQG675OHYHOVU S
&RQFOXVLRQV7KH UHVXOWV RI WKLV VWXG\ VXJJHVW WKDW DOWKRXJK WKHUHZDV D
VWURQJ UHODWLRQVKLS EHWZHHQ$/ DQG'(35 LQ VXLFLGH DWWHPSWHUV RQO\$/
ZDVFRUUHODWHGWR675OHYHOV
5HIHUHQFHV
,DQFX,+RUHVK12IIHU''DQQRQ31/HSNLINHU(.RWOHU0$OH[
LWK\PLDDIIHFWLQWHQVLW\DQGHPRWLRQDOUDQJHLQVXLFLGDOSDWLHQWV3V\FKRWKHU
3V\FKRVRP
.RQWD[DNLV933DSORV.*+DYDNL.RQWD[DNL%-5DEDYLODV$',P
SXOVLYLW\GHSUHVVLRQDQGSODVPDOLSLGVLQVXLFLGHDWWHPSWHUV(XU3V\FKLDWU\
VXSSO
/HH+-.LP<.6HUXPOLSLGOHYHOVDQGVXLFLGHDWWHPSWV$FWD3V\
FKLDWU6FDQG
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3URILOHRI3DWLHQWVZLWK6XLFLGDO$WWHPSWVLQD0HQWDO+HDOWK
&HQWHU
3DQDJLRWLV3DSDGRSRXORV
0HQWDO+HDOWK&HQWHURI3HULVWHUL$WKHQV*UHHFH
(IVWDWKLRV3DQDJRXOLDV'LPLWULRV0DOLGHOLV0DJGD6WHUJLRXOD
*HRUJLD9HQLVHORX
2EMHFWLYHV7KHSXUSRVHRIWKLVVWXG\ZDVWRHVWDEOLVKDQGSUHVHQWWKHSUR
¿OHRIWKHSDWLHQWVZKRYLVLWHGWKHPHQWDOKHDOWKFHQWHURI3HULVWHUL$WKHQV
ZLWKLQ WKH ODVW \HDUV IRUZKRPDW OHDVW RQH VXLFLGDO DWWHPSW KDV EHHQ
FLWHG
0HWKRGVSDWLHQWVWRRNSDUWLQWKLVVWXG\6HYHUDOGHPRJUDSKLFDQGFOLQL
FDO YDULDEOHVZHUH H[DPLQHG VXFK DV VH[PDULWDO VWDWXV HGXFDWLRQ OHYHO
RFFXSDWLRQDQGGLDJQRVLV,&'
5HVXOWV6H[0DOH)HPDOH0DULWDO6WDWXV0DUULHG
6LQJOH(GXFDWLRQ(OHPHQWDU\6HFRQGDU\
  *UDGXDWH VWXGLHV   2FFXSDWLRQ 8QHPSOR\HG 
(PSOR\HG5HWLUHG'LDJQRVLV$Q[LHW\$I
IHFWLYHGLVRUGHUV3HUVRQDOLW\GLVRUGHUV3V\FKRVLV

&RQFOXVLRQV)URP WKH UHVXOWV LW VHHPV WKDW WKHSUR¿OHRI WKHSDWLHQWV DW
WKH0HQWDO+HDOWK&HQWHURI3HULVWHULZLWKDWOHDVWRQHVXLFLGDODWWHPSWLV
IHPDOH XQPDUULHGZLWK D HOHPHQWDU\ RU VHFRQGDU\ HGXFDWLRQ DQG D VOLJKW
SUHGRPLQDQFHLQWKRVHXQHPSOR\HGLQFRPSDULVRQWRWKRVHHPSOR\HG
&RQFHUQLQJ WKH GLDJQRVLV LW VHHPV WKDW WKH DQ[LHW\ DIIHFWLYH GLVRUGHUV
JURXS RI SDWLHQWV RXWQXPEHU WKH RWKHU WZR JURXSV SHUVRQDOLW\ GLVRUGHUV
SV\FKRVLV
32
*HQGHU'LIIHUHQFHVLQWKH&RPRUELGLW\RI1RQRUJDQLF
,QVRPQLD
:ROIJDQJ3UDXVH
'HSDUWPHQWRI3V\FKLDWU\0HGLFDO8QLYHUVLW\RI9LHQQD$XVWULD
*HUGD0DULD6DOHWX=\KODU]3HWHU$QGHUHU*HRUJ*UXEHU
0DJGDOHQD0DQGO(OLVDEHWK*UlW]KRIHU%HUQG6DOHWX
2EMHFWLYHV,WLVDIDFWWKDWVOHHSGLVRUGHUVDUHRIWHQDVVRFLDWHGZLWKQXPHU
RXV SV\FKLDWULF DQG VRPDWLF GLVHDVHV 7KH DLP RI RXU SUHVHQW VWXG\ ZDV
WR H[DPLQH FRPRUELGLW\ RI QRQRUJDQLF LQVRPQLD ,&' ) LQ ERWK
IHPDOHDQGPDOHSDWLHQWV
0HWKRGV7KHVWXG\VDPSOHFRQVLVWHGRIVOHHSODERUDWRU\SDWLHQWV
IHPDOHVPHDQDJH\HDUV DQGPDOHVPHDQDJH
\HDUV VXIIHULQJ IURP QRQRUJDQLF LQVRPQLD DFFRUGLQJ WR WKH ,QWHUQDWLRQDO
&ODVVL¿FDWLRQRI'LVHDVHV,&''LDJQRVLVZDVEDVHGRQSRO\VRPQRJ
UDSK\FDUULHGRXWLQWZRVXEVHTXHQWQLJKWVDGDSWDWLRQDQGEDVHOLQHQLJKW
SV\FKRPHWULFDQGFOLQLFDOPHDVXUHVDFRPSOHWHFDVHKLVWRU\DQGDGHWDLOHG
SV\FKLDWULFDQGVRPDWLFH[DPLQDWLRQ
5HVXOWV8SRQDGPLVVLRQDWWKHVOHHSODERUDWRU\SDWLHQWVGHPRQVWUDWHGDGH
WHULRUDWHG3LWWVEXUJK6OHHS4XDOLW\,QGH[364,DQGDGHFUHDVHG
4XDOLW\ RI /LIH ,QGH[ 4/,  7KHUH ZHUH QR JHQGHU GLIIHUHQFHV
UHJDUGLQJWKH364,DQGWKH4/,
)UHTXHQWO\RFFXUULQJFRPRUELGFRQGLWLRQVLQWKHWRWDOJURXSRIQRQRUJDQLF
LQVRPQLDFVZHUHPRRGGLVRUGHUVUHFXUUHQWGHSUHVVLYHGLVRUGHU)
G\VWK\PLD)F\FORWK\PLD)DQ[LHW\GLVRUGHUVSDQLF
GLVRUGHU)JHQHUDOL]HGDQ[LHW\GLVRUGHU)PL[HGDQ[L
HW\DQGGHSUHVVLYHGLVRUGHU)PRYHPHQWGLVRUGHUVSHULRGLFOLPE
PRYHPHQWGLVRUGHU*UHVWOHVVOHJVV\QGURPH*DQG
VOHHSUHODWHG EUHDWKLQJ GLVRUGHUV REVWUXFWLYH VQRULQJ *  VOHHS
DSQHD*
)HPDOH QRQRUJDQLF LQVRPQLD SDWLHQWVPRUH IUHTXHQWO\ VKRZHGPRRG GLV
RUGHUV DV FRPRUELG FRQGLWLRQV ZKHUHDV LQ PDOHV VOHHSUHODWHG EUHDWKLQJ
GLVRUGHUVSULPDU\VQRULQJSHULRGLFOLPEPRYHPHQWGLVRUGHUDQGSHUVRQDO
LW\GLVRUGHUVZHUHPRUHFRPPRQ+DUGO\DQ\GLIIHUHQFHVEHWZHHQWKHVH[HV
ZHUH REVHUYHG IRU QHXURWLF VWUHVVUHODWHG DQG VRPDWRIRUP GLVRUGHUV DQG
UHVWOHVVOHJVV\QGURPH
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,QVRPQLDLQ6RPDWRIRUP3DLQ'LVRUGHU3DWLHQWV6OHHS
/DERUDWRU\6WXGLHVRQ'LIIHUHQFHVWR&RQWUROV$FXWHDQG
&KURQLF(IIHFWVRI7UD]RGRQH
:ROIJDQJ3UDXVH
'HSDUWPHQWRI3V\FKLDWU\0HGLFDO8QLYHUVLW\RI9LHQQD$XVWULD
0DUWLQ$LJQHU3HWHU$QGHUHU0DJGDOHQD0DQGO
*HUGD0DULD6DOHWX=\KODU](OLVDEHWK*UlW]KRIHU%HUQG6DOHWX
2EMHFWLYHV3DWLHQWVZLWKFKURQLFVRPDWRIRUPSDLQRIWHQVXIIHUIURPVOHHS
GLVWXUEDQFHV DQG GHPRQVWUDWH DQ LQFUHDVHG SDLQ LQWHQVLW\ SV\FKRVRFLDO
GLVDELOLW\DQGUHGXFHGVXEMHFWLYHZHOOEHLQJWKDQSDWLHQWVZLWKRXWVOHHSGLV
RUGHUV7KHDLPRIWKHSUHVHQWVWXG\ZDV¿UVWWRLQYHVWLJDWHVXEMHFWLYHDQG
REMHFWLYHVOHHSDQGDZDNHQLQJTXDOLW\RILQVRPQLDFVRPDWRIRUPSDLQGLVRU
GHUSDWLHQWVE\PHDQVRISRO\VRPQRJUDSK\DQGSV\FKRPHWULFPHDVXUHVDQG
FRPSDUHLWZLWKWKDWRIQRUPDOKHDOWK\FRQWUROV6HFRQGDFXWHDQGFKURQLF
HIIHFWVRIWUD]RGRQHZKLFKLVIUHTXHQWO\XVHGWRWUHDWLQVRPQLDGHSUHVVLRQ
DQ[LHW\DQGSDLQZHUHVWXGLHG
0HWKRGV1LQHGUXJIUHHRXWSDWLHQWVIPDJHG"\HDUVZLWK
WKH GLDJQRVLV RI QRQRUJDQLF LQVRPQLD ,&') UHODWHG WR VRPDWR
IRUPSDLQGLVRUGHU,&')ZHUHFRPSDUHGWRDJHDQGVH[PDWFKHG
QRUPDOFRQWUROV2QHDGDSWDWLRQDQGRQHEDVHOLQHQLJKWZHUHREWDLQHGLQDOO
VXEMHFWV$GGLWLRQDOO\ZHHYDOXDWHGWKHDFXWHHIIHFWVRIPJRIDFRQWURO
OHGUHOHDVH&5IRUPXODWLRQRIWUD]RGRQH7ULWWLFRUHWDUGDQGWKHFKURQLF
HIIHFWVRI&5WUD]RGRQHDIWHUZHHNVRIUHJXODULQWDNHLQSDWLHQWVE\PHDQV
RI SRO\VRPQRJUDSK\ DQG SV\FKRPHWULF PHDVXUHV 3DLQ SDUDPHWHUV ZHUH
GHWHUPLQHGE\PPYLVXDODQDORJXHVFDOHV9$6
5HVXOWV3DWLHQWVGHPRQVWUDWHGDQLQFUHDVHG3LWWVEXUJK6OHHS4XDOLW\,QGH[
364, D VOLJKWO\ GHFUHDVHG 4XDOLW\ RI /LIH ,QGH[ 4/, DQ LQFUHDVHG
(SZRUWK 6OHHSLQHVV 6FDOH (66 VFRUH DQG ,QWHUQDWLRQDO 5HVWOHVV /HJV
6\QGURPH6FDOH,5/66*VFRUHDVOLJKWO\LQFUHDVHGVHOIUHSRUWHGDQ[LHW\
VFRUH =XQJ6$6DQGGHSUHVVLRQVFRUH =XQJ6'65HVSLUDWRU\DURXVDO
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
DQG R[\JHQGHVDWXUDWLRQ LQGLFHVZHUH QRUPDOPLQLPDO R[\JHQ VDWXUDWLRQ
VOLJKWO\GHFUHDVHGDQG3/0PHDVXUHV VOLJKWO\ LQFUHDVHG6XEMHFWLYH VOHHS
DQGDZDNHQLQJTXDOLW\ZDVUHGXFHG$FXWHDGPLQLVWUDWLRQRIPJWUD]R
GRQHòKRXUVEHIRUHOLJKWVRIILPSURYHGQRFWXUQDODZDNHQLQJVWKHDURXVDO
LQGH[DQGVWDJHVKLIWV$IWHUZHHNVRIGDLO\LQWDNHRIWUD]RGRQHVOHHSTXDO
LW\LPSURYHGWKHLQWHQVLW\RISDLQDQGSV\FKRVRFLDOGLVDELOLW\GHFUHDVHG
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6ROXEOH,QWHUOHXNLQ5HFHSWRU/HYHOV7HPSHUDPHQWDQG
&KDUDFWHULQ)RUPHUO\'HSUHVVHG6XLFLGH$WWHPSWHUV
+DQV%HUQG5RWKHQKlXVOHU
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\RI0HGLFLQHRI*UD]$XVWULD
2EMHFWLYHV$Q LPEDODQFH RI WKH LPPXQH V\VWHP DQG PL[HG SHUVRQDOLW\
SUR¿OHV LQ VXLFLGH DWWHPSWHUV KDYH EHHQ UHSRUWHG$V VXLFLGDO EHKDYLRU LV
FRPPRQ LQSDWLHQWVZLWKSV\FKLDWULFGLVRUGHUVZLWKLQ WKH VSHFWUXPRIGH
SUHVVLYHIHDWXUHVZHDLPHGDWPHDVXULQJVROXEOHLQWHUOHXNLQUHFHSWRUFRQ
FHQWUDWLRQVLQSODVPDV,/5DQGLQYHVWLJDWLQJWHPSHUDPHQWDQGFKDUDFWHU
SUR¿OHDQGWKHLUSRWHQWLDOFRUUHODWLRQLQIRUPHUO\GHSUHVVHGSDWLHQWVZLWKD
KLVWRU\RIVXLFLGHDWWHPSW
0HWKRGV:H VWXGLHG V,/5 OHYHOV LQ SODVPD DQG SHUVRQDOLW\ FKDUDFWHU
LVWLFV >XVLQJ&ORQLQJHUCV7HPSHUDPHQW DQG&KDUDFWHU ,QYHQWRU\ 7&,@ RI
IRUPHUO\GHSUHVVHGSDWLHQWVZKRKDGDWWHPSWHGVXLFLGHDPHDQRI\HDUV
SUHYLRXVO\1 DQGQRUPDOFRQWUROV1 
5HVXOWV 7KHUH ZDV QR VLJQL¿FDQW GLIIHUHQFH LQ V,/5 OHYHOV EHWZHHQ
IRUPHUO\ GHSUHVVHG DWWHPSWHG VXLFLGH SDWLHQWV DQG JHQGHUPDWFKHG DQG
DJHFRPSDUDEOHQRUPDOFRQWUROVQJPOYVQJPO
:KHQFRPSDUHG WRQRUPDO FRQWUROV DWWHPSWHG VXLFLGHSDWLHQWV KDG D VLJ
QL¿FDQWO\KLJKHUVFRUHRQWKHWHPSHUDPHQWGLPHQVLRQKDUPDYRLGDQFHDQG
D ORZHUVFRUHRQ WKHFKDUDFWHUGLPHQVLRQVHOIGLUHFWHGQHVV1RVLJQL¿FDQW
FRUUHODWLRQZDVIRXQGEHWZHHQV,/5YDOXHVDQG7&,GLPHQVLRQV
&RQFOXVLRQV:HSURSRVH WKDW WKH OLDELOLW\ WRVXLFLGDOEHKDYLRUDPRQJDW
WHPSWHGVXLFLGHSDWLHQWVVXVFHSWLEOHWRGHSUHVVLYHV\PSWRPDWRORJ\PD\EH
UHODWHGWRKLJKKDUPDYRLGDQFHDQGORZVHOIGLUHFWHGQHVV
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7KH±$*+7$3RO\PRUSKLVPDQG'HYHORSPHQWDO
$QRUH[LD1HUYRVD
)LOLS5\EDNRZVNL
'HSDUWPHQWRI&KLOGDQG$GROHVFHQW3V\FKLDWU\3R]QDQ8QLYHU
VLW\RI0HGLFDO6FLHQFHV3RODQG
$JQLHV]ND6ORSLHQ0RQLND'PLWU]DN:HJODU]$QGU]HM5DMHZVNL
-RDQQD+DXVHU
2EMHFWLYHV$QRUH[LDQHUYRVD$1LVDGLVRUGHURIFRPSOH[DQGPXOWLIDF
WRULDO HWLRORJ\ ZKLFK FRPSULVH JHQHWLF YXOQHUDELOLW\ 5HFHQWO\ JLYHQ WKH
WHPSRUDO LQVWDELOLW\ RI GLDJQRVLV DQG LWV HWLRORJLFDO KHWHURJHQHLW\ PRUH
HPSKDVLVLVSXWRQPRUHVWDEOHSHUVRQDOLW\DQGQHXURELRORJLFDOWUDLWVZKLFK
PD\EHPRUHFORVHO\OLQNHGWRWKHJHQHWLFRULJLQVRIWKHGLVRUGHU3UHYLRXV
VWXGLHV KDYH GHPRQVWUDWHG WKDW WHPSHUDPHQWDO GLPHQVLRQVPD\ EH HVSH
FLDOO\UHOHYDQWLQWKLVUHJDUG:HXVHGWHPSHUDPHQWDOWUDLWV
WRHVWDEOLVKDGHYHORSPHQWDOSKHQRW\SHRI$1DQGFRPSDUHGWKHIUHTXHQF\
RI±$*SRO\PRUSKLVPLQSDWLHQWVZLWKGHYHORSPHQWDOOLDELOLW\WR$1
DQGLQKHDOWK\FRQWUROV
0HWKRGV:HUHFUXLWHGIHPDOH$1SDWLHQWV\UVZLWK
UHVWULFWLQJW\SH$1DQGZLWKEXOLPLFW\SH$1&RQWUROJURXSFRPSULVHG
RIKHDOWK\IHPDOHV\UV7KHSURWRFROZDVDSSURYHGE\WKHOR
FDO(WKLFV&RPPLWWHH,QIRUPHGFRQVHQWZDVREWDLQHGIURPDOOSDUWLFLSDQWV
3HUVRQDOLW\ GLPHQVLRQV ZHUH DVVHVVHG ZLWK 7HPSHUDPHQW DQG &KDUDFWHU
,QYHQWRU\7&,$FOXVWHUDQDO\VLVRI$1SDWLHQWVZDVSHUIRUPHGZLWKXVH
RI WKH WKUHH WHPSHUDPHQW WUDLWV KDUPDYRLGDQFH UHZDUGGHSHQGHQFHDQG
SHUVLVWHQFH DV LQGHSHQGHQW YDULDEOHV *HQRW\SLQJ RI ±$* +7$
SURPRWHUSRO\PRUSKLVPZDVSHUIRUPHGZLWKVWDQGDUGPHWKRGRORJ\
5HVXOWV,QWUDGLWLRQDOFDVHFRQWURODQDO\VLVWKHIUHTXHQF\RI***$DQG
$$JHQRW\SHVZHUHUHVSHFWLYHO\LQ$1SDWLHQWVDQG
LQFRQWUROVFKLVTXDUHWHVW GI S 2Q
WKHEDVLVRIFOXVWHUDQDO\VLV±WZRFODVVHVRI$1SDWLHQWVZHUHHVWDEOLVKHG
7KHJURXSZLWKGHYHORSPHQWDOWHPSHUDPHQWEDVHG$1'$1Q 
LQRSSRVLWLRQ WRQRQGHYHORSPHQWDO$1Q'$1Q VKRZHGKLJKSHU
VLVWHQFHKLJKKDUPDYRLGDQFHDQGORZUHZDUGGHSHQGHQFH7KHIUHTXHQF\
RI***$DQG$$JHQRW\SHVZHUHUHVSHFWLYHO\LQ'$1
LQQ'$1DQGLQ WKHFRQWUROJURXS
FKL±VTXDUHWHVW GI S 
&RQFOXVLRQV7KHIUHTXHQF\RI$DOOHOHRI±$*SRO\PRUSKLVPPD\EH
VLJQL¿FDQWO\KLJKHULQ$1SDWLHQWVZLWKKLJKSHUVLVWHQFHKLJKKDUPDYRLG
DQFHDQGORZUHZDUGGHSHQGHQFHWKDQLQSDWLHQWVZLWKGLIIHUHQWSHUVRQDOLW\
SUR¿OH DQG LQ KHDOWK\ FRQWUROV 7KH$1 SKHQRW\SH UH¿QHGZLWK WKH WHP
SHUDPHQWDOGLPHQVLRQVPD\EHDPRUHVXLWDEOHREMHFWRIJHQHDVVRFLDWLRQ
VWXGLHV WKDQGLDJQRVLV EDVHGRQO\RQRSHUDWLRQDO FULWHULD RI FODVVL¿FDWLRQ
V\VWHPV
5HIHUHQFHV
&ROOLHU'$DQG7UHDVXUH-7KHDHWLRORJ\RIHDWLQJGLVRUGHUV%U-3V\FKLDWU\

.DUZDXW]$7URRS1$5DEH+HVNHWK6&ROOLHU'$7UHDVXUH-/3HUVRQ
DOLW\GLVRUGHUVDQGSHUVRQDOLW\GLPHQVLRQVLQDQRUH[LDQHUYRVD-3HUVRQDO
'LVRUG
5\EDNRZVNL)6ORSLHQ$=DNU]HZVND0+RUQRZVND(5DMHZVNL$7HP
SHUDPHQW DQG &KDUDFWHU ,QYHQWRU\ LQ DGROHVFHQWV ZLWK DQRUH[LD QHUYRVD
$FWD1HXURSV\FKLDWULFD
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+HDOWK(IIHFWVRI([SRVXUHWR9LROHQFHLQ:RPHQ

6RUD\D6HHGDW
05&8QLWRQ$Q[LHW\DQG6WUHVV'LVRUGHUV8QLYHUVLW\RI6WHO
OHQERVFK6RXWK$IULFD
2EMHFWLYHV'HVSLWHDQLQFUHDVLQJO\ZHOOGRFXPHQWHGOLWHUDWXUHRQWKHLP
SDFWRILQWLPDWHSDUWQHUYLROHQFH,39RQPHQWDOKHDOWKOLWWOHHSLGHPLRORJLF
UHVHDUFKKDVIRFXVHGRQLWVORQJWHUPSK\VLFDOKHDOWKFRQVHTXHQFHV
0HWKRGV 7KLV SUHVHQWDWLRQ ZLOO UHYLHZ WKH PHQWDO DQG SK\VLFDO KHDOWK
FRQVHTXHQFHV RI ,39 LQ FOLQLFDO DQG QRQFOLQLFDO VDPSOHV DQG H[DPLQH
ULVNIDFWRUVDQGUHODWLRQVKLSVZLWKFKLOGKRRGPDOWUHDWPHQW5HFHQWVWXGLHV
LQFOXGLQJWKHDXWKRU¶VRZQZRUNWKDWKDYHIRFXVHGRQWKHQHXURELRORJLFDO
DQGQHXURSV\FKRORJLFDOFRUUHODWHVRI,39LQZRPHQZLOOEHSUHVHQWHG
5HVXOWV,QDGGLWLRQWRGLVRUGHUVVXFKDVSRVWWUDXPDWLFVWUHVVGLVRUGHUDQG
PDMRU GHSUHVVLRQ ,39 KDV EHHQ OLQNHG WR DGYHUVHPHGLFDO KHDOWK HIIHFWV
DQGRSWLPDOPDQDJHPHQWRIFKURQLFPHGLFDOLOOQHVVHJDVWKPDGLDEHWHV
+,9$,'6PD\DOVREHSUREOHPDWLFZKHQ,39LVDFRQIRXQGLQJIDFWRU'DWD
IURPDFRPPXQLW\VXUYH\ZLOOEHSUHVHQWHGZKHUHRIZRPHQUHSRUWHG
HYHU H[SHULHQFLQJ ,39 E\ DPDOH SDUWQHU DQG  HQGRUVHGPXOWLSOH DV
VDXOWLYHDFWVRIDEXVHGZRPHQPHWFXUUHQW376'GLDJQRVWLFFULWHULD
DQG DQ DGGLWLRQDO   ZHUH DVVHVVHG ZLWK VXEWKUHVKROG V\PSWRPV
3UHOLPLQDU\GDWDRQFRUWLVROQHXURSHSWLGH<DQGRWKHUDOWHUDWLRQVLQDQWH
ULRUFRQJXODWHFKHPLVWU\ZLOOEHGLVFXVVHG7KH OLWWOH WKDW LVNQRZQDERXW
WUHDWPHQW DQG RXWFRPHV IRU ZRPHQ ZLWK KLVWRU\ RI ,39 DQG ,39UHODWHG
376'LQGLFDWHVWKHQHHGIRUSUHYHQWLRQLQWHUYHQWLRQDQGWUHDWPHQWRIWKLV
SRSXODWLRQ&HUWDLQO\LQZRPHQZLWKFKURQLF376'VHFRQGDU\WRSK\VLFDO
DQGVH[XDOYLROHQFHWKHUHLVHYLGHQFHIURPUDQGRPL]HGFRQWUROOHGVWXGLHV
WKDWFRJQLWLYHEHKDYLRUDOVWUDWHJLHVDQGVHOHFWLYHVHURWRQLQUHXSWDNHLQKLEL
WRUV665,VDUHHIIHFWLYH
&RQFOXVLRQV ,Q VXPPDU\ WKH VHULRXV KHDOWK HIIHFWV DVVRFLDWHGZLWK ,39
XQGHUVFRUHVWKHLPSRUWDQFHRILGHQWLI\LQJZRPHQZKRPD\EHDWULVN
5HIHUHQFHV
&RNHU$/'DYLV.($ULDV ,'HVDL6 HW DO 3K\VLFDO DQGPHQWDO
KHDOWKHIIHFWVRQLQWLPDWHSDUWQHUYLROHQFHIRUPHQDQGZRPHQ$P-3UHY
0HG
6HHGDW66WHLQ0%)RUGH'5VXEPLWWHGWR9LROHQFHDQG9LFWLPV
7KH$VVRFLDWLRQ%HWZHHQ3K\VLFDO3DUWQHU9LROHQFH3RVWWUDXPDWLF6WUHVV
&KLOGKRRG 7UDXPD DQG 6XLFLGH $WWHPSWV LQ D &RPPXQLW\ 6DPSOH RI
:RPHQ
6HHGDW69LGHHQ-6.HQQHG\&6WHLQ0%VXEPLWWHGWR3V\FKLD
WU\ 5HVHDUFK 6LQJOH9R[HO 3URWRQ 0DJQHWLF 5HVRQDQFH 6SHFWURVFRS\ ,Q
:RPHQ:LWK$QG:LWKRXW,QWLPDWH3DUWQHU9LROHQFH5HODWHG3RVWWUDXPDWLF
6WUHVV'LVRUGHU
/4(%2¬¬0OSTER¬3ESSION¬.O
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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+\SQRWLFVLQ,QVRPQLD7KHUDS\
,YDQD7LPRWLMHYLF
,QVWLWXWHRIPHQWDOKHDOWK%HOJUDGH6HUELDDQG0RQWHQHJUR
/6WHIDQRYLF
2EMHFWLYHV 6OHHS GLVRUGHUV DUH YHU\ FRPPRQ LQ WKH FOLQLFDO SUDFWLFH
,QVRPQLD LV D SKHQRPHQRQ WKDW EHORQJV WR SV\FKLDWULF JHQHUDO PHGLFDO
FRQGLWLRQ DQG SULPDU\ GLVRUGHUV:H FRPSDUHG HI¿FDF\ RI ]ROSLGHP DQG
PLGD]RODPLQLQVRPQLDWKHUDS\DPRQJSV\FKLDWULFLOOQHVVHV
0HWKRGV:HLQFOXGHGSV\FKLDWULFSDWLHQWVZLWKLQVRPQLDSUREOHPVRI
ERWKVH[IHPDOHVDQGPDOHVDJHGWR7ZHQW\VL[IHPDOHDQG
PDOHVZHUHWUHDWHGZLWK]ROSLGHPDQGIHPDOHDQGPDOHVZHUHWUHDWHG
ZLWKPLGD]RODP7KHLQVWUXPHQWVXVHGIRUHYDOXDWLRQZHUH LQVWUXPHQWVIRU
GLDJQRVLVRI LQVRPQLDDFFRUGLQJ WR ,&'FODVVL¿FDWLRQ&OLQLFDO*OREDO
,QVWUXPHQWV026VOHHSTXHVWLRQQDLUHPRQLWRULQJYLWDOVLJQVDQGDGYHUVH
HIIHFWV:HFRPSDUHGSDWLHQWV VWDWHEHIRUH DQG DIWHU GD\VRIK\SQRWLF
XVH$OOFRQFRPLWDQWSV\FKLDWULFDQGQRQSV\FKLDWULFWKHUDSLHVZHUHSHUPLW
WHG3DWLHQWVZHUHGLYLGHGLQWZRJURXSVDFFRUGLQJWRWKHK\SQRWLFWKH\XVHG
'DLO\GRVHVRI]ROSLGHPZDVPJDQGPLGD]RODPHPJ
5HVXOWV&RPSDUHGSDWLHQWVVWDWHEHIRUHDQGGD\VDIWHU WKHXVHRIPL
GD]RODPHDQG ]ROSLGHPDIWHU026 VOHHSTXHVWLRQDLUH VKRZHG VLJQL¿FDQW
VWDWLVWLFDO LPSURYHPHQW)ROORZLQJFRPSRQHQWVRIVOHHSVKRZHG LPSURYH
PHQWTXDOLW\RIVOHHSZLWK]ROSLGHPDQGZLWKPLGD]RODP
DZDNHQLQJZLWKRXWIDWLJXHLQERWKJURXSVGHFUHDVHRIWKHSUREOHPV
RIIDOOLQJDVOHHSLQERWKJURXSVUHGXFWLRQRIWKHQXPEHURIDZDNHQ
LQJVGXULQJWKHQLJKWZLWK]ROSLGHPDQGZLWKPLGD]RODP
VDWLVIDFWRU\OHQJWKRIVOHHSZLWK]ROSLGHPDQGZLWKPLGD]RODP
DQG GHFOLQH RI WKH SUREOHP WR VWD\ DZDNH GXULQJ WKH GD\  IRU
]ROSLGHPDQGZLWKPLGD]RODP%RWKRIWKHVHK\SQRWLFVEHORQJWR
WKHRQHVZKLFKKDYHD VKRUWWLPHRQVHW DQG VKRUWKDOIWLPHRI OLIH7KRVH
SURSHUWLHVHQVXUHTXLFNIDOOLQJDVOHHSDQGDQGDQXQGLVWXUEHGQDWXUDOFRXUVH
RIVOHHSDZDNHQLQJZLWKRXWIDWLJXHDQGQRSUREOHPWRVWD\DZDNHGXULQJWKH
GD\&*,VDWWKHEHJLQQLQJVKRZHGVHYHULW\DQGGD\VDIWHUIRUERWK
K\SQRWLFV&*,LVKRZHGPXFKLPSURYHPHQW$OOPRQLWRUHGYLWDOVLJQV
EORRGSUHVVXUHKHDUWUDWHDQGERG\ZHLJKWZHUHVWDEOH2QO\¿YHFDVHVRI
DGYHUVHHIIHFWVZLWKKHDGDFKH]ROSLGHPDQGPLGD]RODPDQGZLWK
WHQVLRQGHFOLQH]ROSLGHPDQGPLGD]RODPHZHUHVKRZQ
&RQFOXVLRQV0LGD]RODPDQG]ROSLGHPDUHWZRHI¿FLHQWK\SQRWLFVZLWKGLI
IHUHQWPHFKDQLVPVRIZRUN0LGD]RODPLVDZHOONQRZQEHQ]RGLD]HSLQHV
K\SQRWLFDQG]ROSLGHPLVDQRQEHQ]RGLD]HSLQHK\SQRWLF,QRXUVWXG\]ROSL
GHPKDVSURYHGDVHI¿FLHQWDK\SQRWLFDVPLGD]RODPZLWKPLQLPDODGYHUVH
HIIHFWVDQGZLWKDQLPSURYHPHQWRISDWLHQWVGDLO\IXQFWLRQLQJ/RZLQWHQVLW\
DGYHUVHHIIHFWVZLWKQRLQÀXHQFHRQWKHUDSHXWLFHI¿FLHQF\
5HIHUHQFHV
 3ULHVW 5* HW DO (I¿FDF\ RI ]ROSLGHP LQ LQVRPQLD (XU 3V\FKLDWU\

$VKWRQ&+0DQDJHPHQWRILQVRPQLD3UHVFULEHUV-RXUQDO
%HQFD50&RQVHTXHQFHVRILQVRPQLDDQGLWVWKHUDSLHV-&OLQ3V\FKLDWU\
6XSSO
32
'HWHFWLRQRI((*6OHHS6SLQGOHV8VLQJ3UREDELOLVWLF1HXUDO
1HWZRUNV
(UULNRV9HQWRXUDV
7HFKQRORJLFDO(GXFDWLRQDO,QVWLWXWLRQRI$WKHQV*UHHFH
*HRUJLRV0HWLNDV&KULVWRV5HGRXPLV(IVWUDWLD0RQR\LRX
3HULNOLV.WRQDV7KRPDV3DSDUULJRSRXORV'LPLWULRV'LNHRV
1LNRODRV8]XQRJOX&RQVWDQWLQ6ROGDWRV
2EMHFWLYHV 7KH YLVXDO GHWHFWLRQ RI VOHHS VSLQGOHV LQ SRO\VRPRQJUDSKLF
UHFRUGLQJVLVDWLPHFRQVXPLQJDQGWHGLRXVWDVNLQÀXHQFHGE\KLJKLQWUD
VFRUHU DQG LQWHUVFRUHU YDULDELOLWLHV 'H*HQQDUR DQG )HUUDUD 7KH
REMHFWLYHRIWKHFXUUHQWZRUNZDVWKHLQYHVWLJDWLRQRIWKHSHUIRUPDQFHRID
3UREDELOLVWLF1HXUDO1HWZRUN3116SHFKWLQGHWHFWLQJ((*VOHHS
VSLQGOHV
0HWKRGV7KHGLJLWDORQHQLJKW((*UHFRUGLQJIURPWKHYHUWH[FKDQQHORI
DKHDOWK\IHPDOHVXEMHFWZDVDQDO\]HG7KHQLJKWVOHHSUHFRUGZDVGLYLGHG
LQWRWKUHHFRQVHFXWLYHSDUWV$WLPHIUDPHODVWLQJDSSUR[LPDWHO\PLQIURP
HDFKSDUWRIWKHQLJKWZDVVFRUHGWZLFHE\HDFKRIWZRSRO\VRPQRJUDSKHUV
LQGHSHQGHQWO\ IRU WKH LGHQWL¿FDWLRQ RI VOHHS VSLQGOHV EDVHG RQ FRPPRQ
YLVXDOGHWHFWLRQFULWHULD.WRQDVHWDO7KH311ZDVWUDLQHGXVLQJ
EDQGSDVV¿OWHUHGVSLQGOHV7KHLQSXWWRWKHQHWZRUNZHUHVDPSOHIUDPHV
RI ¿OWHUHG((*YDOXHVZLWKRXW IXUWKHU IHDWXUH H[WUDFWLRQ$ WUXH SRVLWLYH
RFFXUUHGZKHQ WKH311 LQGLFDWHG D VSLQGOH DQG D VSLQGOH KDG DOVR EHHQ
YLVXDOO\GHWHFWHG7ZRFDWHJRULHVRI IDOVHSRVLWLYHVZHUH LQYHVWLJDWHG WKH
¿UVW)3LQFOXGHGIDOVHSRVLWLYHLQGLFDWLRQVE\WKH311ZKHQQRVSLQGOHV
ZHUHGHWHFWHGE\WKHVFRUHUV LQ WKHUHVSHFWLYH((*UHFRUGDQGWKHVHFRQG
)3 FRQFHUQHG WKH FDVH ZKHQ D YLVXDOO\ GHWHFWHG VSLQGOH FRUUHVSRQGHG
WR WZRGLVWLQFW VSLQGOH LQGLFDWLRQVE\ WKH3116HQVLWLYLW\ZDVFRPSXWHG
DVWKHSHUFHQWUDWLRRIWKHWUXHSRVLWLYHVWRWKHQXPEHURIYLVXDOO\GHWHFWHG
VSLQGOHV)DOVHSRVLWLYHUDWHZDVFRPSXWHGDVWKHSHUFHQWUDWLRRIWKHVXPRI
)3VDQG)3VWRWKHQXPEHURIVSLQGOHLQGLFDWLRQVJLYHQE\WKH311
5HVXOWV 6HQVLWLYLW\ DQG WRWDO IDOVH SRVLWLYH UDWH YDOXHV RI WKH 311ZHUH
DQGUHVSHFWLYHO\,IRQO\)3VZHUHWDNHQLQWRDFFRXQWWKHQIDOVH
SRVLWLYHUDWHZDV7KHWHPSRUDOUHVROXWLRQRIVSLQGOHVWDUWDQGHQGZDV
LQWKHUDQJHRIDIHZKXQGUHGVRIPLOOLVHFRQGV
&RQFOXVLRQV 7KH GHWHFWLRQ RI VSLQGOHV LV SRVVLEOH XVLQJ 311V ZLWKRXW
WKHSULRUFRPSXWDWLRQRIDIHDWXUHYHFWRU)XUWKHUPRUHGXHWRWKHLQKHUHQW
%D\HVLDQFODVVL¿HUVWUXFWXUHRI WKH311 WKHUH LVQRQHHG WRFRPSXWHDQ\
WKUHVKROG LQ WKH RXWSXW YDOXHV RI WKH QHWZRUN7KLV VXJJHVWV WKDW VSLQGOH
GHWHFWLRQZLOO EH UREXVW WR LQWHULQGLYLGXDO VSLQGOHPRUSKRORJ\ YDULDWLRQ
)XUWKHUPRUHWKHSUHVHQWV\VWHPSRWHQWLDOO\HQDEOHVWKHTXDQWL¿FDWLRQRIWKH
G\QDPLFFKDUDFWHULVWLFVRIVSLQGOHRFFXUUHQFHVXFKDVUHODWLRQVKLSVEHWZHHQ
VXFFHVVLYHVSLQGOHOHQJWKVDQGEHWZHHQVXFFHVVLYHLQWHUVSLQGOHLQWHUYDOV
5HIHUHQFHV
'H*HQQDUR/)HUUDUD06OHHSVSLQGOHVDQRYHUYLHZ6OHHS0HG
5HY
6SHFKW')3UREDELOLVWLF1HXUDO1HWZRUNV1HXUDO1HWZRUNV

.WRQDV33DSDUULJRSRXORV70RQR\LRX(%HUJLDQQDNL-6ROGDWRV&
6OHHS VSLQGOH LQFLGHQFH G\QDPLFV $ SLORW VWXG\ EDVHG RQ D PDUNRYLDQ
DQDO\VLV6OHHS
$FNQRZOHGJHPHQW7KHSUHVHQWUHVHDUFKZDVFDUULHGIRUWKHSURMHFW³'H
YHORSPHQWRIDQ(YRNHG3RWHQWLDOVDQG,QWUDFUDQLDO&XUUHQW&ODVVL¿FDWLRQ
6\VWHP XVLQJ 6XSSRUW 9HFWRU 0DFKLQHV 690 DQG 3UREDELOLVWLF 1HXUDO
1HWZRUNV 311´ FRIXQGHG E\  IURP WKH(XURSHDQ8QLRQ DQG 
IURP WKH *UHHN *RYHUQPHQW XQGHU WKH IUDPHZRUN RI WKH (GXFDWLRQ DQG
,QLWLDO9RFDWLRQDO7UDLQLQJ3URJUDP±$UFKLPHGHV
32
&RPSDUDWLYH6OHHS,PSURYLQJ(IIHFWVRI0LUWD]DSLQHYV665,V
LQ'HSUHVVHG3DWLHQWV$0HWDDQDO\VLVRI,QGLYLGXDO3DWLHQW
'DWD
$QGUHZ:LQRNXU
8QLYHUVLW\RI&RQQHFWLFXW+HDOWK&HQWHU)DUPLQJWRQ&RQQHFWL
FXW86$
5RVV$%DNHU-RKQ6LPPRQV:LP7-DQVHQ$OEHUW-DQ6FKXWWH
2EMHFWLYHV ,QVRPQLD LV D ULVN IDFWRU IRU WKH RQVHW RI GHSUHVVLRQ UHODSVH
RIGHSUHVVLRQDQGKDVHYHQEHHQ OLQNHG WRDQ LQFUHDVHGULVNRIVXLFLGH LQ
GHSUHVVHGSDWLHQWV$VPDQ\DVRISDWLHQWVHQUROOHGLQFOLQLFDOWULDOV
ZLWK665,VUHSRUWHGFRPSODLQWVRILQVRPQLD0LUWD]DSLQHKDVEHHQVKRZQ
WRLPSURYHVOHHSWRDVLJQL¿FDQWO\JUHDWHUH[WHQWWKDQWKH665,ÀXR[HWLQHLQ
GHSUHVVHGSDWLHQWV7KHSUHVHQWVWXG\FRPSDUHGWKHHIIHFWVRIPLUWD]DSLQH
YVWKH665,VFLWDORSUDPÀXR[HWLQHSDUR[HWLQHDQGVHUWUDOLQHRQVOHHSLP
SURYHPHQWLQGHSUHVVHGSDWLHQWVEDVHGRQDQDO\VLVRIFKDQJHLQWKH+$0'
IDFWRU9,VOHHSGLVWXUEDQFHVFRUH
0HWKRGV 7KLV ZDV D SRROHG DQDO\VLV RI LQGLYLGXDO SDWLHQWV IURP UDQG
RPL]HG GRXEOHEOLQG 665,FRQWUROOHG WULDOV RI WKH RULJLQDO DQG 6RO7DE
IRUPXODWLRQVRIPLUWD]DSLQH7KHFKDQJHIURPEDVHOLQHRQWKH+$0')DF
WRU9,VOHHSGLVWXUEDQFHVFRUHFRPSRVHGRILWHPVWKDWPHDVXUHLQVRPQLD
GHULYHGIURPWKH+$0'VFRUHZHUHFRPSDUHGDWZHHNDQG
ZHHNV 7KH LQWHQWLRQ WR WUHDW ,77 SRSXODWLRQ FRQVLVWHG RIPLUWD]DSLQH
Q 665,VQ $WRWDORIVHSDUDWHWULDOVZLWKDYDLODEOH+$0
' IDFWRU VFRUHV ZHUH DQDO\]HG 6WDWLVWLFDO FRPSDULVRQV ZHUH PDGH XVLQJ
DQDO\VLVRIFRYDULDQFHDQGPHWDDQDO\VLVWHFKQLTXHVXVLQJ¿[HGDQGUDQGRP
HIIHFWVPRGHOV
5HVXOWV 0LUWD]DSLQH SURGXFHG VLJQL¿FDQW LPSURYHPHQWV LQ VOHHS IDFWRU
VFRUH DW DOO WLPH SRLQWV E\ ZHHN  PLUWD]DSLQH SDWLHQW¶V PHDQ FKDQJH
IURP EDVHOLQHZDV ± YV ± IRU 665, SDWLHQWV 3  $1&29$
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
0HWDDQDO\VLV DOVR VKRZHG VLJQL¿FDQW LPSURYHPHQWV LQ VOHHS IDFWRU VFRUH
IRUPLUWD]DSLQHYV665,V7KHHIIHFWVL]HZDVVLJQL¿FDQW3LQIDYRU
RIPLUWD]DSLQHDWDOOWLPHSRLQWVDWZHHNWKHHVWLPDWHG¿[HGDQGUDQGRP
HIIHFWVVL]HVPLUWD]DSLQH±665,VZHUH±DQG±UHVSHFWLYHO\DW
ZHHN±DQG±DWZHHN±DQG±DQGDWZHHN±
DQG±
&RQFOXVLRQV7KHLPSURYHPHQWLQ+$0'IDFWRU9,VOHHSVFRUHVRIIRU
PLUWD]DSLQHDQGIRU665,VLVFOLQLFDOO\UHOHYDQWEHFDXVHLPSURYHGVOHHS
LVOLQNHGWREHWWHURXWFRPHVIRUGHSUHVVHGSDWLHQWV7KHVLJQL¿FDQWO\JUHDWHU
LPSURYHPHQW LQVOHHSIDFWRUVFRUH LQ WKHPLUWD]DSLQHJURXS UDQJLQJIURP
WRYHUVXV665,VVXJJHVWVGHSUHVVHGSDWLHQWVWDNLQJPLUWD]DSLQHZLOO
KDYHOHVVGLI¿FXOW\ZLWKLQVRPQLDWKDQGHSUHVVHGSDWLHQWVWDNLQJ665,VDQG
SRWHQWLDOO\EHWWHURXWFRPHVLQWKHWUHDWPHQWRIWKHLUGHSUHVVLRQ
5HIHUHQFHV
$UPLWUDJH57KHHIIHFWVRIDQWLGHSUHVVDQWVRQVOHHSLQSDWLHQWV
ZLWKGHSUHVVLRQ&DQ-3V\FKLDWU\
:LQRNXU$*DU\.$5RGQHU65DH5HG&)HUQDQGR$76]XED03
 'HSUHVVLRQ VOHHS SK\VLRORJ\ DQG DQWLGHSUHVVDQW GUXJV 'HSUHVV
$Q[LHW\
:LQRNXU$'H0DUWLQLV1$0F1DOO\'3*DU\(0&RUPLHU-/*DU\
.$  &RPSDUDWLYH HIIHFWV RI PLUWD]DSLQH DQG ÀXR[HWLQH RQ VOHHS
SK\VLRORJ\PHDVXUHVLQSDWLHQWVZLWKPDMRUGHSUHVVLRQDQGLQVRPQLD-&OLQ
3V\FKLDWU\
32
5HSHWLRWLRQRI$WWHPSWHG6XLFLGHDW3V\FKLDWU\&OLQLF1,6
5LVN)DFWRUV
'UDJRVODYD*XJOHWD
3V\FKLDWU\&OLQLF1LV6HUELDDQG0RQWHQHJUR
6X]DQD7RVLF*ROXERYLF1DGD'MRUGMHYLF
2EMHFWLYHV&RPSDUHGZLWKJHQHUDOSRSXODWLRQSDWLHQWVZLWKVHYHUHPHQWDO
GLVRUGHUV KDYH LQFUHDVHGPRUWDOLW\ ULVN GXH WR SK\VLFDO LOOQHVV DFFLGHQWV
DQGRWKHUFDXVHVRIYLROHQWGHDWKHVSHFLDOO\VXLFLGHWKDWLVXSWRWLPHV
JUHDWHUWKDQWKHJHQHUDOSRSXODWLRQ7KHDLPRIRXUVWXG\ZDVWRRXWOLQHULVN
IDFWRUVIRUVXLFLGHLQSV\FKLDWU\SDWLHQWVRI3V\FKLDWU\&OLQLF1LV
0HWKRGV7KH FKDUDFWHULVWLFV QDWXUH DQG VHYHULW\ RI SV\FKLDWULF GLVRUGHU
GHPRJUDSKLFFKDUDFWHULVWLFVSHUVRQDOLW\FKDUDFWHULVWLFVZHUHREVHUYHGDQG
FRPSDUHGDPRQJSV\FKLDWU\SDWLHQWVZLWKSDVWKLVWRU\RI VXLFLGHDWWHPSWV
1  DQG SV\FKLDWU\ SDWLHQWVZLWKRXW SUHYLRXV YLROHQW DFWV 1 $OO
SDWLHQWV ZHUH DVVHVVHG XVLQJ &OLQLFDO *OREDO ,PSUHVVLRQ &*, %356
+DPLOWRQGHSUHVVLRQVFDOH&DOJDU\'HSUHVVLRQ6FDOH3$166003,DQG
(\VHQFN3HUVRQDOLW\,QYHQWRU\
5HVXOWV 1R JHQGHU DQG DJH GLIIHUHQFHVZHUH IRXQG EXW WKRVH WKDW ZHUH
IRXQGWREHVLJQL¿FDQWLQFOXGHGLPSDLUHGVRFLDODQGRFFXSDWLRQDOIXQFWLRQ
LQJ GLDJQRVLV RI VFKL]RSKUHQLD VSHFWUXP GLVRUGHUVPRRG GLVRUGHU RU FR
PRUELGDIIHFWLYHGLVRUGHUÀRULGV\PSWRPVRISV\FKRVLVFXUUHQWRUOLIHWLPH
VXEVWDQFH DEXVH GXUDWLRQ RI LOOQHVV QXPEHU RI UHODSVHV DQG VXEVHTXHQW
KRVSLWDOL]DWLRQKLJKOHYHOVRIGHSUHVVLRQLPSXOVLYLW\WUHDWPHQWQRQFRP
SOLDQFHRUWUHDWPHQWZLWKW\SLFDODQWLSV\FKRWLFV
&RQFOXVLRQV7KHUHDUHQRGH¿QLWLYHPHDVXUHV WRSUHGLFWVXLFLGHEXWPH
WKRGLFDODQGUHJXODUDVVHVVPHQWRIVXLFLGHULVNIDFWRUVLQSV\FKLDWU\SDWLHQWV
LVDYLWDODVSHFWRIWKHLUPDQDJHPHQW7UHDWPHQWRIWKHVXLFLGDOVWDWHUHTXLUHV
WKRXJKWIXOFRRUGLQDWLRQRISKDUPDFRORJLFDODQGSV\FKRVRFLDOWKHUDSLHV
5HIHUHQFHV
0HO]HU+<5HGXFLQJWKHULVNIRUVXLFLGHLQVFKL]RSKUHQLDDQGDIIHF
WLYHGLVRUGHUV-&OLQ3V\FKLDWU\
.DKQ$ .DKQ 65 /HYHQWKDO 50 HW DO  6\PSWRP UHGXFWLRQ DQG
VXLFLGHULVNDPRQJSDWLHQWVWUHDWHGZLWKSODFHERLQDQWLSV\FKRWLFGUXJWULDOV
DQDQDO\VLVRIWKH)RRGDQG'UXJ$GPLQLVWUDWLRQGDWDEDVH$P-3V\FKLDWU\

32
0HQVWUXDO$VVRFLDWHG6OHHS'LVWXUEDQFH$6WXG\LQDQ
(J\SWLDQ6DPSOH
0RKDPHG)LNU\
'HSDUWPHQWRI3V\FKLDWU\$LQ6KDPV8QLYHUVLW\&DLUR(J\SW
$VDDG7DUHN$ZZDG+DVVDQ$EGHO1DVVHU$]]D
2EMHFWLYHV7RLQYHVWLJDWHWKHSUREOHPRIVOHHSLQUHODWLRQWRPHQVWUXDWLRQ
DGGUHVVLQJRQO\ZRPHQLQWKHFKLOGEHDULQJSHULRG
0HWKRGV7KHVWXG\LQFOXGHGZRPHQZLWKVOHHSFRPSODLQWVH[FOXGLQJ
WKRVHDERYHWKHDJHRI\HDUVDQ\KLVWRU\RISK\VLFDORUPHQWDOGLVRUGHU
DQGDQ\PDUNHGLUUHJXODUPHQVWUXDOF\FOHV
$VWDQGDUGL]HGVOHHSTXHVWLRQQDLUHZDVDVNHGDQGSRO\VRPQRJUDSK\GRQH
SUHDQGSRVWPHQVWUXDOLQDGGLWLRQWRDVVHVVPHQWIRUWKHSUHVHQFHRISUHPHQ
VWUXDOG\VSKRULFGLVRUGHUV
5HVXOWVZRPHQKDYHEHHQDVNHGWRUHSO\IRUDTXHVWLRQQDLUHFRQFHUQ
LQJVOHHSSUREOHPVLQWKHSUHPHQVWUXDOSHULRGUHSRUWHGVLJQL¿FDQWVOHHS
FRPSODLQWVLQFOXGLQJLQVRPQLDK\SHUVRPQLDDQGH[FHVVLYHGD\WLPHVRP
QROHQFHRI WKHPZHUH IRXQG WR IXO¿OO'60,9FULWHULDRISUHPHQVWUXDO
G\VSKRULF GLVRUGHU 30''  IHPDOHV LQFOXGLQJ WKRVHZLWK 30'' DF
FHSWHGWREHHYDOXDWHGE\SRO\VRPQRJUDSK\36*RQFHLQWKHSUHPHQVWUXDO
SKDVHDQGDQRWKHUSRVWPHQVWUXDO
&RPSDULQJUHVXOWVRIVOHHSSUR¿OHSUHDQGSRVWPHQVWUXDOUHYHDOHGLQFUHDVHG
VOHHSODWHQF\GHFUHDVHGHI¿FLHQF\DQGLQFUHDVHGDURXVDOVSUHPHQVWUXDO
&RPSDULQJSDWLHQWVZLWK30''WRRWKHU IHPDOHVZLWKSUHPHQVWUXDOVOHHS
FRPSODLQWUHYHDOHGRQO\OHVV6:6LQ30''
&RQFOXVLRQV (YDOXDWLRQ RI VOHHS SUR¿OH LQ ZRPHQ ZLWK SUHPHQVWUXDO
VOHHSFRPSODLQWV UHYHDOHGPDLQO\VOHHSFRQWLQXLW\GLVWXUEDQFHPDQLIHVWHG
E\ VLJQL¿FDQW LQFUHDVH LQ VOHHS ODWHQF\2YHUDOO¿QGLQJVDUH LQ VXSSRUWRI
FRQVLGHULQJSUHPHQVWUXDOVOHHSSUREOHPVDVDVHSDUDWHGLDJQRVWLFHQWLW\DW
OHDVWIRUVRPHIHPDOHVZKLFKLVVWLOOLQQHHGRIIXUWKHUVWXGLHV
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0ROHFXODU1HXURSDWKRORJ\RI0LWRFKRQGULDO'1$'LVHDVH
-RDQQH%HWWV
0LWRFKRQGULDO5HVHDUFK*URXS7KH0HGLFDO6FKRRO8QLYHUVLW\RI
1HZFDVWOHXSRQ7\QH1(++8.
(YHO\Q-DURV5REHUW+3HUU\$QGUHZ06FKDHIHU
5REHUW:7D\ORU=HLQDE$EGHO$OO5REHUW1/LJKWRZOHUV
'RXJODVV07XUQEXOO
'LVHDVHV DVVRFLDWHG ZLWKPLWRFKRQGULDO '1$ PW'1$PXWDWLRQV DUH DQ
LPSRUWDQWFDXVHRIQHXURORJLFDOGLVDELOLW\7KH LQYROYHPHQWRI WKHFHQWUDO
QHUYRXVV\VWHPLVSURPLQHQWSURJUHVVLYHDQGPD\EHWKHPRVWGLVDEOLQJIHD
WXUHIRUSDWLHQWV&OLQLFDOIHDWXUHVLQFOXGHRSWLFDWURSK\VHL]XUHVGHPHQWLD
DWD[LDH[WUDS\UDPLGDOIHDWXUHVVWURNHOLNHHSLVRGHVDQGSURJUHVVLYHZHDN
QHVV0(/$60LWRFKRQGULDO0\RSDWK\(QFHSKDORSDWK\/DFWLF$FLGRVLV
DQG6WURNHOLNHHSLVRGHVLVRQHRIWKHPRVWFRPPRQSKHQRW\SHVDVVRFLDWHG
LQWKHPDMRULW\RISDWLHQWVZLWKWKH$!*PXWDWLRQLQPW'1$7KHQHX
URSDWKRORJ\LVGRPLQDWHGE\PXOWLIRFDOLQIDUFWOLNHOHVLRQVLQWKHSRVWHULRU
FRUWH[WKRXJKWWRXQGHUOLHWKHVWURNHOLNHHSLVRGHV,QFUHDVHGXQGHUVWDQGLQJ
RIWKHPHFKDQLVPVLQYROYHGLQQHXURQDOG\VIXQFWLRQDQGFHOOGHDWKLQWKLV
PW'1$GLVHDVHPD\KDYH LPSOLFDWLRQV IRUPDQ\RWKHUQHXURGHJHQHUDWLYH
GLVHDVHV
7RHOXFLGDWHWKHUHODWLRQVKLSEHWZHHQPXWDWLRQORDGPLWRFKRQGULDOG\VIXQF
WLRQDQGFOLQLFDODQGQHXURSDWKRORJLFDOIHDWXUHVZHKDYHXVHG3&55)/3
DQG&2;KLVWRFKHPLVWU\ DW WKH VLQJOH FHOO OHYHO LQ EUDLQ WLVVXH IURP WZR
LQGLYLGXDOVZLWK$!*0(/$6:HKDYHIRXQGD ORZQXPEHURIUHV
SLUDWRU\GH¿FLHQWQHXURQVLQWKH&167KHUHDSSHDUHGWREHQRFRUUHODWLRQ
EHWZHHQWKHWRWDO$!*PXWDWLRQORDGWKHQHXURQDOWKUHVKROGOHYHOIRU
WKHPXWDWLRQDQG WKHGHJUHHRISDWKRORJ\VHYHULW\ LQ WKHDIIHFWHG UHJLRQV
RIWKHEUDLQ7KHPRVWVHYHUHPLWRFKRQGULDOG\VIXQFWLRQZDVSUHVHQWLQWKH
VPRRWKPXVFOHFHOOVRIWKHYDVFXODWXUHWKURXJKRXWWKHEUDLQ:HFRQFOXGH
WKDW YDVFXODUPLWRFKRQGULDO SDWKRORJ\ LV LPSRUWDQW LQ WKH SDWKRJHQHVLV RI
WKHVWURNHOLNHHSLVRGHVLQ0(/$6SDWLHQWV:HVSHFXODWHWKDWFRXSOLQJRI
WKHYDVFXODUPLWRFKRQGULDOSDWKRORJ\ZLWKWKHKLJKLQFLGHQFHRIPLJUDLQHV
REVHUYHGLQ0(/$6SDWLHQWVPLJKWXQGHUOLHWKHVHOHFWLYHLQYROYHPHQWRIWKH
SRVWHULRUSDUWRIWKHEUDLQ
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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(OGHU$EXVH$&URVV1DWLRQDO&RPSDULVRQRI3V\FKLDWULF
0RUELGLW\DQG2WKHU'HWHUPLQDQWVLQWKH$G+2&6WXG\
&ODXGLD&RRSHU
'HSDUWPHQWRI0HQWDO+HDOWK6FLHQFHV8QLYHUVLW\&ROOHJH
/RQGRQ8.
&RUQHOLXV.DWRQD+DUULHW)LQQH6RYHUL(YD7RSLQNRYD
*,DLQ&DUSHQWHU*LOO/LYLQJVWRQ
2EMHFWLYHV7RGHWHUPLQH FURVVQDWLRQDOO\ WKH SUHYDOHQFHRI LQGLFDWRUV RI
ROGHUDGXOWDEXVHDQGWKHLUUHODWLRQVKLSWRSXWDWLYHULVNIDFWRUVSDUWLFXODUO\
GHPHQWLDGHSUHVVLRQDQGODFNRIVHUYLFHSURYLVLRQ
0HWKRGV$VSDUWRIWKH$'+2&VWXG\QHDUO\SHRSOHDJHGUHFHLY
LQJKHDOWKRUVRFLDOFRPPXQLW\VHUYLFHVLQHOHYHQ(XURSHDQFRXQWULHVZHUH
LQWHUYLHZHG XVLQJ WKH PLQLPXP GDWDVHW KRPHFDUH 0'6+& LQWHUYLHZ
ZKLFK LQFOXGHV DQ DEXVH VFUHHQ XVHG SUHYLRXVO\ LQ VWXGLHV RI ROGHU DGXOW
DEXVHDVZHOODVLQIRUPDWLRQDERXWGHPRJUDSKLFIDFWRUVSK\VLFDOSV\FKL
DWULFDQGFRJQLWLYHPRUELGLW\DQGVHUYLFH UHFHLSW3UHGLFWRUVRI VFUHHQLQJ
SRVLWLYHIRUDEXVHZHUHGHWHUPLQHGXVLQJORJLVWLFUHJUHVVLRQ
5HVXOWV   SHRSOH DVVHVVHG KDG DW OHDVW RQH LQGLFDWRU RI DEXVH
,QGHSHQGHQW SUHGLFWRUV RI VFUHHQLQJ SRVLWLYH ZHUH VHYHULW\ RI FRJQLWLYH
LPSDLUPHQW GHSUHVVLRQ GHOXVLRQV RWKHU QHXURSV\FKLDWULF V\PSWRPV DQG
ZLWKH[SUHVVHGFRQÀLFWZLWKIDPLO\RUIULHQGVRUOLYLQJLQ,WDO\RU*HUPDQ\
EXWQRWZLWKKDYLQJDNQRZQSV\FKLDWULFGLDJQRVLV
&RQFOXVLRQV 6HYHULW\ RI FRJQLWLYH LPSDLUPHQW GHSUHVVLRQ DQG GHOXVLRQV
SUHGLFWHG VFUHHQLQJ SRVLWLYH IRU DEXVH LQ ROGHU DGXOWV EXW KDYLQJ DOUHDG\
KDGDSV\FKLDWULFGLDJQRVLVGLGQRW3HRSOHLQ,WDO\DQG*HUPDQ\ZHUHPRVW
OLNHO\ WRVFUHHQSRVLWLYH IRU LQGLFDWRUVRIDEXVH3RVVLEOH UHDVRQV IRU WKLV
LQFOXGLQJGLIIHUHQFHV LQ VHUYLFHSURYLVLRQDQGVWUXFWXUHZLOOEHGLVFXVVHG
6FUHHQLQJDQGUHIHUUDOIRUSV\FKLDWULFPRUELGLW\ZRXOGEHUDWLRQDOVWUDWHJLHV
WRFRPEDWHOGHUDEXVH
$FNQRZOHGJHPHQW 7KH $'+2& SURMHFW ZDV FRQGXFWHG E\ )HOORZV RI
LQWHU5$,FROODERUDWLRQDQGZDVVXSSRUWHGE\(XURSHDQ&RPPLVVLRQWK)3
JUDQW(&4/57
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3HULRGLFLW\RI6SRQWDQHRXV&RXUVHRI,OOQHVVLQ3DWLHQWVZLWK
0RRG'LVRUGHUV
7RPDV+DMHN
'HSDUWPHQWRI3V\FKLDWU\'DOKRXVLH8QLYHUVLW\+DOLID[&DQDGD
DQG3UDJXH3V\FKLDWULF&HQWHU&KDUOHV8QLYHUVLW\3UDJXH&]HFK
5HSXEOLF
0DUWLQ$OGD3DXO*URI-XOHV$QJVW
2EMHFWLYHV5HFXUUHQWFRXUVHLVDEDVLFFKDUDFWHULVWLFRIPRRGGLVRUGHUV,W
FRXOGEHUHODWHGWRFLUFDGLDQQHXURHQGRFULQHUK\WKPVRUQHXURQDORVFLOOD
WRU\SURFHVVHVZKLFKPLJKWSOD\DUROHLQWKHSDWKRSK\VLRORJ\RIPRRGGLV
RUGHUV:HORRNHGDWVHDVRQDOSHULRGLFLW\LQWKHF\FOHOHQJWKDPRQJVXEMHFWV
ZLWKPRRGGLVRUGHUVQHYHUWUHDWHGZLWKWK\PRSURSK\ODFWLFPHGLFDWLRQ
0HWKRGV7KLV LV D XQLTXH VDPSOH RI  SDWLHQWV IURP FHQWHUV 
ZRPHQELSRODU,XQLSRODUVFKL]RDIIHFWLYHFROOHFWHGIURP
 WR  3DWLHQWV ZHUH WUHDWHG RQO\ IRU DFXWH HSLVRGHV EXW KDG QRW
UHFHLYHG DQ\ ORQJWHUP SURSK\ODFWLF WUHDWPHQW 6HDVRQDO SHULRGLFLW\ ZDV
GH¿QHGDVFXPXODWLYHF\FOHOHQJWKGLYLVLEOHE\ZLWKUHPLQGHURIRU
6WDWLVWLFDODQDO\VHVZHUHSHUIRUPHGXVLQJWZRWDLOHG&KLVTXDUHȤ
5HVXOWV7KHRYHUDOOSURSRUWLRQRIF\FOHVZLWKOHQJWKLQPXOWLSOHVRI
PRQWKZDVVLPLODULQSDWLHQWVZLWKVFKL]RDIIHFWLYHELSRODU,GLVRUGHU
RUXQLSRODUGHSUHVVLRQ 16$QDO\VHVZHUH WKXVSHUIRUPHG
IRUDFRPELQHGJURXS7KLUW\RQHSHUFHQWRISDWLHQWVKDG¿UVWVHDVRQDOF\FOH
7KLV SURSRUWLRQ LV VLJQL¿FDQWO\ KLJKHU WKDQ   SURSRUWLRQ H[SHFWHG LQ
FDVHRIXQLIRUPGLVWULEXWLRQRIF\FOHOHQJWKVȤ GI S
7KHSURSRUWLRQRISDWLHQWVZKRUHWDLQF\FOHVLQPXOWLSOHVRIDIWHUSUHYL
RXVVXFKF\FOHVUHVSHFWLYHO\LVDOVRVLJQL¿FDQWO\
KLJKHU WKDQ WKH H[SHFWHG UDQGRPSURSRUWLRQ DQG VLJQL¿FDQWO\ KLJKHU WKDQ
SURSRUWLRQ RI SDWLHQWV ZKR GHYHORS D VHDVRQDO F\FOH DIWHU SUHYLRXV  
 ³XQVHDVRQDO´ F\FOHV  UHVSHFWLYHO\ ,Q SDWLHQWVZLWKRXW
¿UVW VHDVRQDO F\FOH WKH SURSRUWLRQ RI SDWLHQWV ZLWK VXEVHTXHQW VHDVRQDO
F\FOHVGRHVQRWH[FHHGH[SHFWHG2YHUDOOWKHPRVWIUHTXHQWPRQWKRI
RQVHWZDV -XQH 6LJQL¿FDQWO\PRUH VXEMHFWVZLWK VHDVRQDO YV XQVHDVRQDO
F\FOHV KDG RQVHW RI ¿UVW HSLVRGH LQ -XQH  YV  Ȥ  GI 
S 
&RQFOXVLRQV7KHUHLVDKLJKHUWKDQH[SHFWHGSURSRUWLRQRISDWLHQWV
ZLWK ¿UVW F\FOH OHQJWK LQ PXOWLSOHV RI  PRQWK0RUH WKDQ RQH WKLUG
RI WKHVH SDWLHQWV UHWDLQ SHULRGLFLW\ LQPXOWLSOHV RI PRQWK LQ VHYHUDO
VXEVHTXHQWF\FOHV2QWKHRWKHUKDQGWKHSURSRUWLRQRISDWLHQWVZKRGHYHORS
VHDVRQDO SHULRGLFLW\ DIWHU SUHYLRXV ³XQVHDVRQDO´ F\FOHV GRHV QRW H[FHHG
SURSRUWLRQH[SHFWHGLQFDVHRIXQLIRUPGLVWULEXWLRQRIF\FOHOHQJWKV
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
1LQH0RQWK)ROORZXSRI3DWLHQWVDIWHU8OWUD5DSLG2SLDWH
'HWR[LILFDWLRQLQ,UDQ
$QJHOD+HLGHQ
'HSDUWPHQWRI*HQHUDO3V\FKLDWU\0HGLFDO8QLYHUVLW\RI9LHQQD
$XVWULD
$KPDG1DGHUL0RKDPPDG0HKGL1DGHUL
)DURNK5DKPDQL'LGDU5LFKDUG)UH\6LHJIULHG.DVSHU
2EMHFWLYHV8OWUD5DSLG'HWR[L¿FDWLRQ852'LVGHVLJQHGWRVKRUWHQWKH
GHWR[L¿FDWLRQ DQG WR DFFHOHUDWH WKH ZLWKGUDZDO E\ DGPLQLVWHULQJ RSLRLG
DQWDJRQLVWV VXFK DV QDOR[RQH XQGHU JHQHUDO DQDHVWKHVLD$LP RI WKH GUXJ
VXUYHLOODQFHZDVWRDVVHVVZLWKGUDZDOHIIHFWVDQGHVWLPDWHWKHUDWHRIDEVWL
QHQFHIURPRSLDWHDEXVHIROORZLQJPRQWKVDIWHU852'
0HWKRGV7KLUW\QLQHRSLDWHDGGLFWHGSDWLHQWV'60,9RSLXPSR
Q KHURLQLYQ PDOHVIHPDOHZHUHDGPLWWHGDWWKHGHSDUWPHQW
RIDQDHVWKHVLRORJ\RIWKH6DGUD6XUJLFDO&HQWHU7HKUDQ,UDQ7KHVHSDWLHQWV
ZHUHGHWR[L¿HGXVLQJ852'WHFKQLTXHE\LQIXVLRQRIQDOR[RQHIRUDSHULRG
RIKRXUVXQGHUJHQHUDODQDHVWKHVLDZKLFKZDVLQGXFHGDQGPDLQWDLQHG
ZLWKPLGD]RODPSURSRIRODQGDWUDFXULXP3RVWSURFHGXUHZLWKGUDZDOVLJQV
ZHUHHYDOXDWHGE\XVLQJJUDGXDWHGVFDOH7KHDQDHVWKHWLVW$1VXSHUYLVHG
WKHGD\VRIKRVSLWDOLVDWLRQ&RPSOHWLRQRI852'ZDVGHWHUPLQHGE\D
QRQUHDFWLYH UHVSRQVH WR D QDOR[RQH FKDOOHQJH WHVW XQGHU DQDHVWKHVLD DQG
QRQUHDFWLYH UHVSRQVH WR QDOWUH[RQH SR EHIRUH VXEMHFWVZHUH GLVFKDUJHG
7KHUHDIWHUSDWLHQWVUHFHLYHGDPDLQWHQDQFHWUHDWPHQWZLWKQDOWUH[RQHVXS
SRUWHGE\FRXQVHOLQJYLVLWPRQWKO\WKURXJK$1'XULQJDPRQWKIROORZ
XS SHULRG SDWLHQWV ZHUHPRQWKO\ DVVHVVHG UHJDUGLQJ VHOIUHSRUWHG UHODSVH
IUHH VWDWXV YHUL¿HG E\ XULQH WR[LFRORJ\ VFUHHQLQJ IRU RSLDWHV DQG IDPLO\
PHPEHUVZHUHLQWHUYLHZHGZKHWKHUWKHVXEMHFWVIROORZHGWKHJLYHQQDOWUH[
RQHWUHDWPHQWVFKHGXOH
5HVXOWV'XULQJWKHSURFHGXUHRQHHSLVRGHRIEUDLQHGHPDRFFXUHGWKHUDS\
GH[DPHWKDVRQIXURVHPLGJRRGRXWFRPHSDWLHQWZDVIXOOFRQVFLRXVDIWHU
KRXUV$IWHUDQDHVWKHVLDSDWLHQWVH[SHULHQFHGVOLJKWPRGHUDWHFRQIXVLRQ
DQGSDWLHQWVVOLJKWPRGHUDWHZLWKGUDZDOV\PSWRPVVXFKDVQDXVHDDE
GRPLQDOFUDPSVUHVWOHVVQHVVDQGPXVFOHDFKLQJODVWLQJWRPD[LPXPK
5HODSVHGDWDZHUHDYDLODEOHIRUVXEMHFWVGHWR[L¿HG2IWKHVH
SDWLHQWVUHSRUWHGUHODSVHIUHHVWDWXVGXULQJWKHHQWLUHPRQWKREVHUYDWLRQ
SHULRGFRQ¿UPHGE\XULQHWR[LFRORJ\VFUHHQLQJ
&RQFOXVLRQV )RU SHUVRQV H[FOXVLYHO\ DGGLFWHG WR RSLRLGV WKH 852'
WHFKQLTXH LQFOXGLQJ QDOWUH[RQH PDLQWHQDQFH WUHDWPHQW PLJKW EH D YLDEOH
ORQJWHUPWUHDWPHQWSURJUDP
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+77P51$([SUHVVLRQLQ/HXNRF\WHVLV(OHYDWHGLQ
'HSUHVVLYH3DWLHQWV
-XQLFKL,JD
8QLYHUVLW\RI7RNXVKLPD6FKRRORI0HGLFLQH-DSDQ
6KXLFKL8HQR.HQ<DPDXFKL6XPLNR7D\RVKL.RVKL2KWD
+RQJZHL6RQJ7HWVXUR2KPRUL
2EMHFWLYHV6HURWRQLQWUDQVSRUWHU+77LVWKRXJKWWREHLQYROYHGLQWKH
SDWKRSK\VLRORJ\RIPDMRUGHSUHVVLRQDQGWKHWDUJHWRIDQWLGHSUHVVDQWV:H
K\SRWKHVL]HGWKDW+77P51$OHYHOVLQSHULSKHUDOOHXNRF\WHVPD\EHDVVR
FLDWHGZLWKGHSUHVVLYHVWDWHVDQGWKHWKHUDSHXWLFUHVSRQVHWRDQWLGHSUHVVDQW
WUHDWPHQWVRQWKHDVVXPSWLRQWKDWWKHH[SUHVVLRQPHFKDQLVPLQOHXNRF\WHVLV
VLPLODUWRWKDWLQWKHFHQWUDOQHUYRXVV\VWHP
0HWKRGV)LIWHHQSDWLHQWVZLWKPDMRUGHSUHVVLRQEHIRUHDQGDIWHUSDUR[HWLQH
WUHDWPHQWZHUHVWXGLHGZLWKDJHDQGVH[PDWFKHGVXEMHFWVDVFRQWUROV ,Q
HDFKSDWLHQW+DPLOWRQGHSUHVVLYHVFDOH+$0'ZDVXVHGDQGSDUR[HWLQH
FRQFHQWUDWLRQZDVGHWHUPLQHGZLWKKLJKSHUIRUPDQFH OLTXLGFKURPDWRJUD
SK\ +77P51$ OHYHOV LQ SHULSKHUDO OHXNRF\WHV RI GHSUHVVLYH SDWLHQWV
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\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ZHUH GHWHUPLQHG ZLWK TXDQWLWDWLYH UHDO WLPH 3&5 PHWKRG $OO VXEMHFWV
VLJQHG DQ LQIRUPHG FRQVHQW IRUP DSSURYHG E\ WKH (WKLFDO &RPPLWWHH RI
8QLYHUVLW\RI7RNXVKLPD6FKRRORI0HGLFLQHEHIRUHDWWHQGLQJWKLVVWXG\
5HVXOWV7KHUHZHUHQR UHODWLRQVEHWZHHQ+77P51$ OHYHOV DQGHLWKHU
+$0'VFRUHRUSDUR[HWLQHFRQFHQWUDWLRQ+77P51$ OHYHOV LQ OHXNR
F\WHV ZHUH VLJQL¿FDQWO\ KLJKHU LQ GHSUHVVLYH SDWLHQWV DW EDVHOLQH EHIRUH
PHGLFDWLRQWKDQLQFRQWUROVXEMHFWV3 +77P51$OHYHOVZHUH
GHFUHDVHG VLJQL¿FDQWO\ DIWHU ZHHNV RI SDUR[HWLQHPHGLFDWLRQ FRPSDUHG
ZLWK EHIRUHPHGLFDWLRQ 3    (YHQ FRPSDUHG ZLWK DJH VH[ DQG
JHQRW\SHPDWFKHGFRQWUROVXEMHFWVWKHUHZDVDVLJQL¿FDQWGLIIHUHQFHLQWKH
+77P51$OHYHOVS 
&RQFOXVLRQV2XULQYHVWLJDWLRQVXJJHVWHGWKDWWKHLQFUHDVHGH[SUHVVLRQRI
+77P51$ LQSHULSKHUDO OHXNRF\WHVRIQRQ WUHDWHGGHSUHVVLYHSDWLHQWV
PD\ EH UHODWHGZLWK WKH SDWKRSK\VLRORJ\ RI GHSUHVVLRQ DQG LWV UHGXFWLRQ
DIWHUWUHDWPHQWPD\UHÀHFWWKHDGDSWLYHFKDQJHLQGXFHGE\WKH665,
5HIHUHQFHV
%HQPDQVRXU 6 2ZHQV :$ &HFFKL 0 0RULODN '$ )UD]HU $ 
6HURWRQLQFOHDUDQFHLQYLYRLVDOWHUHGWRDJUHDWHUH[WHQWE\DQWLGHSUHVVDQW
LQGXFHGGRZQUHJXODWLRQRIWKHVHURWRQLQWUDQVSRUWHUWKDQE\DFXWHEORFNDGH
RIWKLVWUDQVSRUWHU-1HXURVFL
/HVFK.3%DOOLQJ8*URVV - 6WUDXVV.:ROR]LQ%/0XUSK\'/ HW DO
 2UJDQL]DWLRQ RI WKH KXPDQ VHURWRQLQ WUDQVSRUWHU JHQH - 1HXUDO
7UDQVP*HQ6HFW
1DNDPXUD0 8HQR 6 6DQR$ 7DQDEH +  7KH KXPDQ VHURWRQLQ
WUDQVSRUWHUJHQHOLQNHGSRO\PRUSKLVP+77/35VKRZVWHQQRYHODOOHOLF
YDULDQWV0RO3V\FKLDW
8UELQD03LQHGD63LQDQJR/&DUUHLUD,/LPD/>+@3DUR[HWLQH
ELQGLQJWRKXPDQSHULSKHUDOO\PSKRF\WHPHPEUDQHVRISDWLHQWVZLWKPDMRU
GHSUHVVLRQEHIRUHDQGDIWHUWUHDWPHQWZLWKÀXR[HWLQH,QW-,PPXQRSKDUPD
FRO
32
'HOLULXP7UHPHQV6LJQLILFDQW)DFWRUVIRU0RUWDOLW\
'UDJDQD,JQMDWRYLF5LVWLF
3V\FKLDWULFFOLQLF&+&.UDJXMHYDF6HUELDDQG0RQWHQHJUR
'DQLMHOD'MRNRYLF=GUDYNR2EUDGRYLF$QGUHD0DUNRYLF
2EMHFWLYHV$OFRKROZLWKGUDZDOGHOLULXPDOVRFDOOHGGHOLULXPWUHPHQVLV
GH¿QHGDVDGHOLULXPDFFRPSDQLHGE\DXWRQRPLFK\SHUDFWLYLW\DQGWUHPRU
RFFXUULQJ GXULQJ RU VKRUWO\ DIWHU DOFRKRO ZLWKGUDZDO$SSUR[LPDWHO\ 
RISDWLHQWVKRVSLWDOL]HG IRU DOFRKROZLWKGUDZDOJRRQ WRGHYHORSGHOLULXP
WUHPHQV6HYHUDOGHFDGHVDJRWKHPRUWDOLW\UDWHIRUSDWLHQWVZLWKXQWUHDWHG
GHOLULXPWUHPHQVZDVHVWLPDWHGWREHDVKLJKDV0RUHUHFHQWHVWLPDWHV
UDQJH IURP  WR  WKH GHFUHDVH SUHVXPDEO\ GXH WR WKH DYDLODELOLW\ RI
VXSHULRU SKDUPDFRORJLFDO DQG VXSSRUWLYH PHDVXUHV )HXHUOHLQ DQG 5HLVHU
IRXQG WKHPRUWDOLW\ UDWH WREH WR LQSDWLHQWVEHWZHHQDQG
\HDUVRIDJHDQG LWFOLPEHGWRIRU LQGLYLGXDOVH[SHULHQFLQJGHOLULXP
WUHPHQVDWDJHRUROGHU$GYDQFHGDJHDQGFRPRUELGPHGLFDORUVXUJLFDO
GLVRUGHUVDUHDVVRFLDWHGZLWKLQFUHDVHGULVNRIGHDWK7KHDLPRIWKHVWXG\
ZDVWRGHWHUPLQHLPSRUWDQWIDFWRUVIRUPRUWDOLW\LQWKHVDPSOHRIGHOLULXP
WUHPHQVSDWLHQWV
0HWKRGV:HVWXGLHGSDWLHQWVWUHDWHGIRUGHOLULXPWUHPHQVIRUWKHHLJKW
\HDUSHULRG$OOSDWLHQWVIXO¿OOHGFULWHULDIRUGHOLULXPWUHPHQV,&';$OO
SDWLHQWVZHUHLQFOXGHGLQWKHVDPHPRQLWRULQJDQGWUHDWPHQWSURWRFRO
5HVXOWV:HIRXQGWKDWSDWLHQWVGLHGIRUWKHZKROHSHULRG:H
SHUIRUPHG XQLYDULDWH DQG PXOWLYDULDWH DQDO\VHV RQ WKH  SDWLHQWV DQG
IRXQGWKDWWKHPRVWVLJQL¿FDQWSUHGLFWRUVRIWKHPRUWDOLW\ZHUHDJHFRPRU
ELGFRQGLWLRQVOHQJWKRIGULQNLQJ7KHPDMRULW\RISDWLHQWZDVEHWZHHQ
DQGDJHVDQGPRUWDOLW\ZDVKLJKLQWKLVDJHJURXS%XWDFFRUGLQJWRDOO
GDWD WKHPRUWDOLW\ZDV WKH KLJKHVW LQ WKH JURXSRI  \HDUV ROG SDWLHQWV
DOPRVWHYHU\RQHRIWZRSDWLHQWVLQWKLVDJHJURXSZDVGLHG)RUPDMRULW\RI
WKHVDPSOHFXUUHQWKRVSLWDOL]DWLRQZDV¿UVWSV\FKLDWULFKRVSLWDOL]DWLRQ
&RQFOXVLRQV7KHQXPEHURISDWLHQWVZLWKGHOLULXPWUHPHQVLVLQFUHDVHLQ
WKHSDVW\HDUV0RUWDOLW\UDWHLVWKHKLJKHVWLQWKHJURXSRIROGHUSDWLHQWV
$OVRFRPRUELGFRQGLWLRQVGHWHFWHGDWWKHDGPLVVLRQFRXOGSUHGLFWPRUWDO
LW\:H¿QGWKDWWKHVHUHVXOWVZHUHYHU\LPSRUWDQWIRUIXWXUHWUHDWPHQWDQG
PRQLWRULQJVWUDWHJLHV
5HIHUHQFHV
1RUGVWURP*%HUJOXQG0 'HOLULXP WUHPHQV D SURVSHFWLYH ORQJ
WHUPIROORZXSVWXG\-6WXG$OFRKRO±
)HXHUOHLQ:5HLVHU(3DUDPHWHUVDIIHFWLQJWKHFRXUVHDQGUHVXOWVRI
GHOLULXPWUHPHQVWUHDWPHQW$FWD3V\FKLDWU6FDQG±
3DOPVWLHUQD7$0RGHOIRU3UHGLFWLQJ$OFRKRO:LWKGUDZDO'HOLULXP
3V\FKLDWU6HUY
32
3V\FKRQHXURLPPXQH,QWHUDFWLRQLQ7KHUDS\RI2SLDWH$EXVH
6YHWODQD,YDQRYD
0HQWDO+HDOWK5HVHDUFK,QVWLWXWH7RPVN5XVVLD
7DPDUD9HWOXJLQD1LNRODL%RNKDQ6YHWODQD6HUJHHYD
2OHJ(SVWHLQ
2EMHFWLYHV7KHDLPRIWKLVLQYHVWLJDWLRQZDVGHWHFWLRQRIPHFKDQLVPVRI
GLVWXUEDQFHVLQWKHLPPXQHV\VWHPLQVXEVWDQFHDEXVHGLVRUGHUVDQGLQWHUUH
ODWLRQVKLSVZLWKVRPHLQGLFHVRIWKHKRUPRQDODQGQHXURWUDQVPLWWHUV\VWHPV
LQWKHSURFHVVRIDQDUWKHUDS\$QDUXOWUDORZGRVHVDQWLERGLHVWRPRUSKLQH
IRU RUDO XVH LV SURGXFHGPDUNHWHG DQGZLGHO\ XVHG LQPHGLFDO SUDFWLFH
LQ5XVVLDDVDWUHDWPHQWIRUGUXJZLWKGUDZDO$QLPDOVWXGLHVUHYHDOHGWKDW
DQDU SRVVHVVHV WKH DQWLDQ[LRXV DQG DQWLGHSUHVVDQW HIIHFWV LQÀXHQFHV RQ
WKH ORQJWHUP PHPRU\ DQG WKH ZHDNHQLQJ RI WKH PRUSKLQH ZLWKGUDZDO
V\QGURPH
0HWKRGV &RPSUHKHQVLYH FOLQLFDO DQG LPPXQRELRORJLFDO H[DPLQDWLRQ
ZDVFRQGXFWHG LQSDWLHQWVZLWKRSLDWHDGGLFWLRQDJHG$QDUZDV
SUHVFULEHGIRUWKHWKHUDS\RIWKHSRVWZLWKGUDZDOFRQGLWLRQIURPWKHWKGD\
DIWHUWKHZLWKGUDZDORIWKHGUXJ
5HVXOWV7KHWKHUDS\ZLWKDQDUIHDWXUHGDYLUWXDOO\SRVLWLYHLQÀXHQFHRQWKH
VWDWHRI WKH LPPXQHV\VWHPRIGUXJDGGLFWV7KHPRVWVLJQL¿FDQWSRVLWLYH
HIIHFWRIWKHWKHUDS\RQFHOOXODULPPXQLW\ZDVWKHJURZWKRIWKHQXPEHURI
QDWXUDONLOOHUVWKHVXESRSXODWLRQRIFHOOVZLWKDQWLWXPRUDQGDQWLYLUDOIXQF
WLRQVDQGRI+/$'5O\PSKRF\WHVH[HFXWLQJDQLPSRUWDQWIXQFWLRQDWWKH
UHFRJQLWLRQDQGLPPXQHUHVSRQVHDFWLYDWLRQSKDVHV$QDUDIIHFWVWKHOHYHORI
HQGRJHQRXVVHURWRQLQZKLFKLVLQGLUHFWO\VXJJHVWHGE\WKHORZHULQJRIWKH
QXPEHURIVHURWRQLQSRVLWLYHO\PSKRF\WHVLQWKHEORRGRIWKHSDWLHQWV
:HUHYHDOHGWKHGHSHQGHQFHRIELRORJLFDOSDUDPHWHUVRQWKHGXUDWLRQRIWKH
DOOHYLDWLRQRISRVWZLWKGUDZDOGLVRUGHUV3DWLHQWVZLWKDQDFFHOHUDWHGUHGXF
WLRQRI WKH SRVWZLWKGUDZDO V\PSWRPVZHUH FKDUDFWHUL]HGE\ DPRUHSUR
QRXQFHGORZHULQJRIWKHQXPEHURIO\PSKRF\WHVZLWKUHFHSWRUVWRVHURWRQLQ
DQGE\WKHJURZWKRIWKHQXPEHURIF\WRWR[LFNLOOHUVVXSSUHVVRUV&XUYHRI
G\QDPLFVRIWKHFRUWLVRQHFRQFHQWUDWLRQKDGDGLIIHUHQWO\GLUHFWHGFKDUDFWHU
GHFUHDVHRIFRUWLVRQHOHYHOLQEORRGVHUXPZDVREVHUYHGLQWKHJURXSZLWK
IDVWUHGXFWLRQRISRVWZLWKGUDZDOGLVRUGHUVDVZHOODVLQFUHDVHLQWKHJURXS
ZLWKSURWUDFWHGUHGXFWLRQ
&RQFOXVLRQV7KH XVH RI DQDU LQ WKH WKHUDS\ RI RSLDWH DGGLFWLRQ H[HUWV D
SRVLWLYH LQÀXHQFH RQ WKHZHDNHQLQJ RI SRVWZLWKGUDZDO GLVRUGHUV DQG RQ
WKH LQGLFHV RI WKH PDLQ KRPHRVWDWLF V\VWHPV LPPXQH QHXURWUDQVPLWWHU
KRUPRQDORIWKHERG\
5HIHUHQFHV
(SVWHLQ2  3RVVLEOHPHFKDQLVPV RI WKH DFWLRQ RI SRWHQWLDWHG SKDU
PDFHXWLFDOVDQGVRPHTXHVWLRQVRIWKHIXQFWLRQLQJRIELRV\VWHPV%XOO62
5$01
32
$FXWH(IIHFWVRI2UDO&DQQDELV([WUDFWLQ+HDOWK\)HPDOHV
5DLQHU0DUFR.DXIPDQQ
'HSDUWPHQWRI*HQHUDO3V\FKLDWU\0HGLFDO8QLYHUVLW\9LHQQD
$XVWULD
.UDIW%LUJLW)UH\5LFKDUG:HLV]HQELFKOHU6\OYLD
%lFNHU&KULVWRI.DVSHU6LHJIULHG.UHVV+DQV*
2EMHFWLYHV7KHPHGLFDO XVH RI FDQQDELQRLGV LQ WKH WUHDWPHQW RI YDULRXV
SDWKRORJLFDOFRQGLWLRQVLVFXUUHQWO\EHLQJWHVWHGLQGLIIHUHQWFOLQLFDOVWXGLHV
%XWWKHUDSHXWLFXVHRIFDQQDELVLVOLPLWHGE\XQGHVLUDEOHHIIHFWVHVSHFLDOO\
SV\FKRWURSLFHIIHFWV,QRXUVWXG\ZHLQYHVWLJDWHGWKHDFXWHPHQWDOHIIHFWV
RI VWDQGDUGLVHG RUDO FDQQDELV H[WUDFW LQ D KRPRJHQRXV JURXS RI KHDOWK\
YROXQWHHUVXQGHUFRQWUROOHGFRQGLWLRQV
0HWKRGV 6L[WHHQKHDOWK\ IHPDOHV PHDQ DJH\HDUVZHUH UHFUXLWHG WR
SDUWLFLSDWH LQ WKLV UDQGRPL]HG GRXEOHEOLQG DFWLYH SODFHERFRQWUROOHG
VLQJOHGRVHZD\FURVVRYHUVWXG\&DSVXOHVFRQWDLQLQJFDQQDELVH[WUDFW
VWDQGDUGLVHGRQLWV¨WHWUDK\GURFDQQDELQRO7+&PJ7+&HDFKDQG
FDQQDELGLRO &%'  PJ &%' HDFK FRQWHQW RU DFWLYH SODFHER  PJ
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
GLD]HSDP ZHUH DGPLQLVWHUHG RUDOO\ 6XEMHFWV ZHUH DVVHVVHG E\ GLIIHUHQW
YLVXDODQDORJXHVFDOHVVHOIUDWLQJ9$6DQGREVHUYHU9$6DWEDVHOLQH
DQGKRXUVSRVWGUXJDQGE\WKHEULHISV\FKLDWULFUDWLQJVFDOH%356DW
EDVHOLQHDQGKRXUVSRVWGUXJ
5HVXOWV6HOIUDWLQJDQGREVHUYHU9$6VKRZHGVLJQL¿FDQWO\PRUHWLUHGQHVV
GL]]LQHVGURZVLQHVVDQG³IHHOLQJKLJK´DIWHUFDQQDELVWKDQDIWHUGLD]HSDP
6HGDWLRQDIWHUFDQQDELVLQJHVWLRQZDVH[SHULHQFHGPRVWSURIRXQGO\LQKRXU
2QHVXEMHFWH[SHULHQFHGVHYHUHSV\FKRWLFV\PSWRPV%356DIWHU
KRXUVZKLOH DOO RWKHU YROXQWHHUV VFRUHGRQO\ LQ WRWDO VFRUH DQG VXEVFRUH
DQHUJLDDQG UHPDLQHGXQFKDQJHG LQVXEVFRUHVDQ[LHW\GHSUHVVLRQ WKRXJKW
GLVWXUEDQFHDFWLYDWLRQDQGKRVWLOHVXVSLFLRXVQHVVLQWKH%356
&RQFOXVLRQV2UDOO\DGPLQLVWHUHGFDQQDELVZLWKDVWDQGDUGLVHGFRQWHQWRI
PJ7+&DQGPJ&%'FDXVHGLQRQHRIKHDOWK\IHPDOHVDVHYHUH
DFXWHSV\FKRVLVZKLFKGLVDSSHDUHGDIWHUIHZKRXUVZLWKRXWSV\FKRSKDUPD
FRORJLFDO LQWHUYHQWLRQ &DQQDELV SURGXFHG VLJQL¿FDQW FHQWUDO VLGHHIIHFWV
OLNHWLUHGQHVVGURZVLQHVVGL]]LQHVVDQGORZDFWLYLW\LQFRPSDULVRQWRPJ
GLD]HSDPLQKHDOWK\IHPDOHV
32
7RSLUDPDWHIRU6PRNLQJ&HVVDWLRQ
<DVVHU.KD]DDO
'pSDUWHPHQW8QLYHUVLWDLUHGH3V\FKLDWULH$GXOWH3ULOO\
±/DXVDQQH6ZLW]HUODQG
(PPDQXHOOH)UpVDUG<YHV/H%ORFK'DQLHOH)=XOOLQR
2EMHFWLYHV$PRQJ WKHPXOWLSOHPHFKDQLVPVRIDFWLRQRI WRSLUDPDWHKDV
$03$NDLQDWHDQWDJRQLVPPD\EHSDUWLFXODUO\LQWHUHVWLQJIRUWKHWUHDWPHQW
RIDGGLFWLYHGLVRUGHUVDV$03$KDVEHHQIRXQGWRUHLQVWDWHGUXJVHHNLQJ
DQG$03$DQWDJRQLVWV WREORFN WKLVHIIHFW LQYDULRXVDQLPDOPRGHOV7KH
REMHFWLYHRIWKHSUHVHQWVWXG\ZDVWRH[SORUHWKHHI¿FLHQF\RIWRSLUDPDWHLQ
VPRNLQJFHVVDWLRQ
0HWKRGV)OH[LEOHGRVHWRSLUDPDWHZDVSUHVFULEHGWRQLFRWLQHGHSHQGHQW
VXEMHFWVPHQDQGZRPHQZKRIDLOHGWRPDLQWDLQDEVWLQHQFHPRUHWKDQ
ZHHNVDWOHDVWLQRQHSUHYLRXVVPRNLQJDWWHPSWZLWKQLFRWLQHUHSODFHPHQW
WKHUDS\RUEXSURSLRQ7ZRJURXSVRIVPRNHUVZHUHLQFOXGHGLQWRWKLVFDVH
VHULHVVPRNHUVDVNLQJIRUPHGLFDODVVLVWDQFHIRUVPRNLQJFHVVDWLRQDQG
 VXEMHFWV UHFHLYLQJ WRSLUDPDWH IRU RWKHU UHDVRQV 3UHFHGLQJ WRSLUDPDWH
LQWURGXFWLRQ WKH VXEMHFWV HQWHUHG D ZHHN SUHWULDO SKDVH GXULQJZKLFK
EDVHOLQHPHDVXUHV ZHLJKWDQG)DJHUVWURP7HVW IRU1LFRWLQH'HSHQGHQFH
ZHUHREWDLQHG$OOVXEMHFWVZHUHIROORZHGXSIRUDWOHDVWPRQWKV
5HVXOWV7ZRPRQWKVDIWHUWRSLUDPDWHSUHVFULSWLRQRXWRIVPRNHUVZHUH
DEVWLQHQW DQG WZRPRUH VXEMHFWV KDG UHGXFHG WKHLU FLJDUHWWH FRQVXPSWLRQ
IRUPRUHWKDQ:LWKWKHH[FHSWLRQRIRQHVXEMHFWDOOVPRNHUVZKRKDG
DFKLHYHG DEVWLQHQFH DWPRQWK  KDG SUHYLRXVO\ UHGXFHG WHPSRUDULO\ WKHLU
FLJDUHWWH FRQVXPSWLRQ EHIRUH GH¿QLWLYH FHVVDWLRQ 7KUHH PRUH VXEMHFWV
DFKLHYHGDPRPHQWDULO\UHGXFWLRQKDGKRZHYHUWRLQWHUUXSWWKHWUHDWPHQW
GXHWRLQWROHUDEOHVLGHHIIHFWV
&RQFOXVLRQV 7KH SUHVHQW SLORW VWXG\ VXJJHVWV WKDW WRSLUDPDWH PD\ EH D
SURPLVLQJPHGLFDWLRQIRUWUHDWPHQWRIQLFRWLQHGHSHQGHQFHDVVLVWLQJVPRN
LQJFHVVDWLRQLQVRPHVPRNHUVDQGDWOHDVWKHOSLQJWRUHGXFHWKHQXPEHURI
FLJDUHWWHV LQVRPHPRUHLQGLYLGXDOVZKLFKLQ LWVHOIPD\KDYHDEHQH¿FLDO
HIIHFWRQIXWXUHFHVVDWLRQOLNHOLKRRG&RQWUROOHGWULDOVDUHQHHGHGWRFRQ¿UP
LWVHI¿FDF\DQGWRIXUWKHUGHWHUPLQHDGHTXDWHGRVLQJVFKHPHVGXUDWLRQRI
WUHDWPHQWDQGDSRVVLEOHXWLOLW\WRDVVRFLDWHWRSLUDPDWHZLWKRWKHUVPRNLQJ
FHVVDWLRQVWUDWHJLHVOLNHQLFRWLQHUHSODFHPHQWWKHUDS\
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,PPXQH$FWLYDWLRQLQ3UHJQDQW5DWV&DXVHV6RFLDO'HILFLWVLQ
WKH2IIVSULQJ
(OL]D.RURV
'HSDUWPHQWRI&165HVHDUFK%RHKULQJHU,QJHOKHLP3KDUPD
*PE+	&R.*%LEHUDFK*HUPDQ\
+ROJHU5RVHQEURFN$QLWD%ORFKLQJ'DJPDU.XJOHU
)UDQN6DPV'RGG
2EMHFWLYHV(SLGHPLRORJLFDOUHSRUWV LQGLFDWHDQ LQFUHDVHGULVNIRUVFKL]R
SKUHQLD LQ WKH RIIVSULQJ RI ZRPHQ H[SRVHG WR YLUDO LQIHFWLRQ GXULQJ WKH
VHFRQG WULPHVWHURISUHJQDQF\5HFHQW H[SHULPHQWDO VWXGLHVSRVWXODWH WKDW
DPDWHUQDO LPPXQH UHVSRQVH UHDFWLRQ RFFXUULQJ GXULQJ WKH FULWLFDO SHULRG
RI JHVWDWLRQ FDQ SHUWXUE IHWDO EUDLQ GHYHORSPHQW OHDGLQJ LQ WKH RIIVSULQJ
WR QHXURDQDWRPLFDO DQG EHKDYLRXUDO DEQRUPDOLWLHV FRQVLVWHQW ZLWK WKRVH
REVHUYHG LQ VFKL]RSKUHQLF SDWLHQWV 6KL HW DO  =XFNHUPDQ HW DO
7KHDLPRIWKLVVWXG\ZDVWRGHWHUPLQHZKHWKHULPPXQHDFWLYDWLRQ
LQSUHJQDQWUDWVLQGXFHGE\WKHV\QWKHWLFF\WRNLQHUHOHDVHUSRO\ULERLQRVLQLF
SRO\ULERF\WLGLOLFDFLG>SRO\,&@FRXOGPRGHOVRPHDVSHFWVRIVFKL]RSKUH
QLDLQWKHRIIVSULQJDVSUHYLRXVO\VXJJHVWHG=XFNHUPDQHWDO:H
ZHUHHVSHFLDOO\LQWHUHVWHGLQH[DPLQDWLRQRIVRFLDOEHKDYLRXUVLQFHVRFLDO
ZLWKGUDZDODQGLVRODWLRQDUHNH\FRPSRQHQWVRIWKHQHJDWLYHV\PSWRPVRI
VFKL]RSKUHQLDDQGWKHVHDVSHFWVKDYHQRWEHHQH[DPLQHGSUHYLRXVO\LQWKHVH
UDWV
0HWKRGV3UHJQDQW:LVWDUUDWVZHUHLQMHFWHGLQWUDYHQRXVO\ZLWKSRO\,&DW
GRVHVRIDQGPJNJRUVDOLQHRQJHVWDWLRQDOGD\7KHRIIVSULQJZHUH
WHVWHGLQWKHVRFLDOLQWHUDFWLRQWHVWSULRUWRDQGDIWHUSXEHUW\DWSRVWQDWDOGD\
3'DQG3'UHVSHFWLYHO\$GGLWLRQDOO\QRYHOW\LQGXFHGORFRPRWRU
DFWLYLW\DW3'DVZHOODVVSRQWDQHRXVVWUHVVDQGDPSKHWDPLQHLQGXFHG
ORFRPRWLRQDW3'ZHUHDVVHVVHG
5HVXOWV6RFLDOLQWHUDFWLRQGH¿FLWVZHUHSUHVHQWLQWKHRIIVSULQJRIWKHUDWV
WUHDWHGZLWKDQGPJNJRISRO\,&DWERWK3'DQG3'+RZHYHU
QREHKDYLRXUDOGLIIHUHQFHVEHWZHHQWKHRIIVSULQJIURPSRO\,&WUHDWHGDQG
WKRVHIURPVDOLQHWUHDWHGUDWVZHUHREVHUYHGLQWKHRWKHUWHVWV%LRFKHPLFDO
DQDO\VLVRIEUDLQVRIWKHDGXOWRIIVSULQJLVRQJRLQJ
&RQFOXVLRQV7KHVHUHVXOWVVKRZWKDW UDWV¶VRFLDOEHKDYLRXUPD\EH LQÀX
HQFHG E\ LPPXQH DFWLYDWLRQ LQ SUHQDWDO SHULRG )XUWKHUPRUH LW UHPDLQV
WR EH GHWHUPLQHG LI SUHQDWDO LPPXQH DFWLYDWLRQ ZLWK SRO\,& PLJKW EH
FRQVLGHUHGDVDQDQLPDOPRGHORIVRPHDVSHFWVRIVFKL]RSKUHQLDUHJDUGLQJ
QHJDWLYHV\PSWRPDWRORJ\
5HIHUHQFHV
6KLHWDO-1HXURVFL
=XFNHUPDQHWDO1HXURSV\FKRSKDUPDFRO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&DQQDELQRLGV'LGQRW$IIHFW6HQVLWL]DWLRQWR
0HWKDPSKHWDPLQHLQ5DWV
/HRV/DQGD
0DVDU\N8QLYHUVLW\)DFXOW\RI0HGLFLQH'HSDUWPHQWRI3KDUPD
FRORJ\%UQR&]HFK5HSXEOLF
.DUHO6ODLV$OH[DQGUD6XOFRYD
2EMHFWLYHV2XU UHFHQW VWXGLHV FRQ¿UPHG LQPLFH WKDW UHSHDWHG SUHWUHDW
PHQWZLWKSV\FKRVWLPXODQWPHWKDPSKHWDPLQH0HWHOLFLWHGLQFUHDVHGEH
KDYLRXUDOUHVSRQVHWRWKHGUXJDSKHQRPHQRQNQRZQDVVHQVLWL]DWLRQ)XU
WKHUPRUHSUHWUHDWPHQWZLWK&%UHFHSWRUDJRQLVWPHWKDQDQGDPLGH&DQ
SULRU WR WKH0HW FKDOOHQJHGRVHHOLFLWHGEHKDYLRXUDO FURVVVHQVLWL]DWLRQ WR
0HWVWLPXODWRU\HIIHFWVDQGFRQYHUVHO\WKLVFURVVVHQVLWL]DWLRQZDVEORFNHG
E\SUHWUHDWPHQWZLWK&%UHFHSWRUDQWDJRQLVW$0$0/DQGDHWDO
$OOWKHVH¿QGLQJVVXJJHVWHGDQLQWHUDFWLRQEHWZHHQHQGRFDQQDELQRLG
V\VWHPDQGPHWKDPSKHWDPLQHEUDLQPHFKDQLVPV7RDVVHVVSRVVLEOHLQWHU
VSHFLHVGLIIHUHQFHVDVVRFLDWHGZLWK WKHSKHQRPHQRQRIFURVVVHQVLWL]DWLRQ
ZHXVHGRXUH[SHULPHQWDOGHVLJQLQUDWV
0HWKRGV5DWVZHUH UDQGRPO\GLYLGHG LQWRJURXSV Q Q Q DQG DOO
ZHUHJLYHQYHKLFOHRQWKH'D\RIWKHVWXG\PONJ7KHUHZHUHQRDS
SOLFDWLRQVIURPWKH'D\V WR)RU WKHQH[WGD\VDQLPDOVZHUH WUHDWHG
UHSHDWHGO\DVIROORZVDQ PJNJGD\RI0HWEQ PJNJGD\RI
&DQFQ PJNJGD\RI$0PJNJGD\RI0HW7KHUHZHUHQRDS
SOLFDWLRQVLQ'D\VWR$FKDOOHQJHGRVHRI0HWPJNJZDVJLYHQ
WRDOOWKUHHJURXSVRQWKH'D\/RFRPRWRUDFWLYLW\GLVWDQFHUXQLQWKH
RSHQ¿HOGWHVWZDVPHDVXUHGE\$FWLWUDFNDSSDUDWXV3DQODE6/6SDLQ
'DWDZHUHDQDO\VHGXVLQJWKH:LOFR[RQWHVW
5HVXOWV ,QJURXSQ UDWV VHQVLWL]HGZLWK0HWD VLJQL¿FDQWGHYHORSPHQW
RIVHQVLWL]DWLRQRFFXUUHGDIWHU0HWFKDOOHQJHGRVH7KHUHZDVQRVLJQL¿FDQW
GLIIHUHQFH LQ GLVWDQFH UXQ LQ JURXS Q UDWV VHQVLWL]HG ZLWK &DQ LH QR
FURVVVHQVLWL]DWLRQZDVGHPRQVWUDWHGDIWHUWKH0HWFKDOOHQJHGRVH,QJURXS
QUDWVSUHWUHDWHGZLWKFRPELQDWLRQRI$00HWWKHUHZHUHQRVLJQL¿FDQW
FKDQJHVDWDOO
&RQFOXVLRQV 2EWDLQHG GDWD FOHDUO\ VKRZ WKDW DV SUHYLRXVO\ LQ PLFH D
UHSHDWHGDGPLQLVWUDWLRQRIPHWKDPSKHWDPLQHHOLFLWHGEHKDYLRXUDOVHQVLWL]D
WLRQWRLWVVWLPXODWRU\HIIHFWVLQUDWVZKLFKDOVRLVLQDFFRUGDQFHZLWKVRPH
RWKHUUHSRUW)XNDPLHWDO+RZHYHUZHZHUHQRWDEOHWRSURYRNH
FURVVVHQVLWL]DWLRQ E\ UHSHDWHG DSSOLFDWLRQ RI FDQQDELQRLG &% UHFHSWRU
DJRQLVW PHWKDQDQGDPLGH DQG VLPLODUO\ ZH GLG QRW GHPRQVWUDWH VXSSUHV
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
VLRQRIWKHFURVVVHQVLWL]DWLRQLQUDWVWKDWZHUHUHSHDWHGO\JLYHQFRPELQHG
SUHWUHDWPHQWRIFDQQDELQRLG&%UHFHSWRUDQWDJRQLVW$0DQGPHWKDP
SKHWDPLQHDVLWZDVGHPRQVWUDWHGLQUHVHDUFKFDUULHGRXWLQPLFH,WPLJKWEH
WKDWVXJJHVWHGLQWHUDFWLRQEHWZHHQHQGRFDQQDELQRLGV\VWHPDQGSURFHVVLQJ
RISV\FKRVWLPXODQWDFWLRQRIPHWKDPSKHWDPLQHUHTXLUHVFDQQDELQRLGGRVH
ZKLFK LWVHOIGRHVQRWSURGXFH LQKLELWRU\HIIHFWVRQ ORFRPRWLRQZKLFKZDV
IRXQGLQWKHSUHVHQWUDWVWXG\EXWQRWSUHYLRXVO\LQPLFH
7KHZRUNZDVVXSSRUWHGE\ WKH&]HFK0LQLVWU\RI(GXFDWLRQSURMHFW9=
060
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'UXJVDQG)LWQHVVWR'ULYH±9DOLGDWLRQRI7HVWLQJ0HWKRGV
5HLQIULHG/XW]
'HSDUWPHQWRI*HQHUDO3V\FKLDWU\0HGLFDO8QLYHUVLW\9LHQQD
$XVWULD
.DXIPDQQ5DLQHU0DUFR)UH\5LFKDUG9\FXGLOLN:DOWHU
+XWWHU0LFKDHO%DWWLVWD+DQV-UJHQ.DVSHU6LHJIULHG
2EMHFWLYHV,QUHFHQW\HDUVWKHLQÀXHQFHRIGUXJVRQWKHGULYLQJ¿WQHVVDQG
YDOLGPHWKRGVRIPHDVXULQJWKHOHYHORILPSDLUPHQWKDYHEHFRPHRIULVLQJ
LQWHUHVW7KH HIIHFWV DQG VFUHHQLQJ WHVWV IRU SV\FKRWURSLF GUXJV DQG SKDU
PDFHXWLFDOVDUHEHLQJLQYHVWLJDWHGWRDVPDOOH[WHQW1HYHUWKHOHVVLQPDQ\
FRXQWULHVFLYLODXWKRULWLHVHPSRZHUWKHSROLFHWRFRQWUROFRQVSLFXRXVGULYHUV
E\PHDQVRITXLFNVDOLYDDQDO\VHV7KHDLPRIRXUVWXG\ZDVWRHYDOXDWHD
QHZ GUXJFKHFNIRUP WR GLVFRYHU WKH GULYLQJ LPSDLUPHQW DQG WR HYDOXDWH
TXLFNGUXJWHVWVXVLQJVDOLYD
0HWKRGV,QRXUVWXG\RXWDQGLQSDWLHQWVVXIIHULQJPDLQO\IURPRSLDWH
DGGLFWLRQRUPXOWLVXEVWDQFHDGGLFWLRQ,&')RU)SDUWLFLSDWHG
8QVFKHGXOHGSDWLHQWV¶¿WQHVVWRGULYHZDVWHVWHGDIWHUZULWWHQFRQVHQWKDG
EHHQ VLJQHG 8VLQJ D VWUXFWXUHG GUXJ FKHFN IRUP LQFOXGLQJ SK\VLFDO
H[DPLQDWLRQ DQG FRRUGLQDWLRQ DQG UHDFWLRQ WHVWV D SK\VLFLDQ GHFLGHG LI D
SDWLHQWZDV¿W WRGULYHRU LPSDLUHG$GGLWLRQDOO\ WKH¿WQHVV WRGULYHZDV
H[DPLQHG E\ SV\FKRORJLFDO FRPSXWHU VXSSRUWHG WHVWV IRU FRQFHQWUDWLRQ LQ
PRQRWRQRXVQHVV4UHDFWLYHUHVLOLHQFH567GLYLGHGDWWHQWLRQ6(7
SHULSKHUDOSHUFHSWLRQDQGFRRUGLQDWLRQRIH\HVDQGKDQGV3970RUHRYHU
VDPSOHVRIVDOLYDZHUHDQDO\VHGE\WKUHHGLIIHUHQWTXLFNWHVWGHYLFHV7KH
YDOLGLW\RIWKHLUUHVXOWVZDVFRPSDUHGWRDQDO\VHVRIJDVFKURPDWRJUDSKLF
PDVVVSHFWURPHWULFRIVDOLYDEORRGDQGXULQHVDPSOHV
5HVXOWV %\ WR[LFRORJLF DQDO\VHV LQ  RI WKH FDVHV PRQRLQWR[LFDWLRQV
ZLWK PRUSKLQH RU PHWKDGRQH ZHUH IRXQG LQ WKH EORRG VDPSOHV LQ 
PXOWLLQWR[LFDWLRQ LQFOXGLQJRSLRLGHV LQRWKHUSV\FKRWURSLFVXEVWDQFHV
WKDQRSLRLGHVDQG LQQRSV\FKRWURSLFVXEVWDQFHVDWDOO&RPSDUHG WR
WR[LFRORJLFDQDO\VHVWKHPRVWSUDFWLFDEOHVDOLYDTXLFNWHVWVKRZHGSRVLWLYH
UHVXOWIRUPRUSKLQHLQFRFDLQHLQEXWWHWUDK\GURFDQQDELQRO7+&
LQRQO\7KHVDOLYDTXLFNWHVWZDVIDOVHO\SRVLWLYHLQRIPRUSKLQH
 RI FRFDLQH DQG  RI 7+&DQDO\VHV$FFRUGLQJ WR SV\FKRORJLFDO
WHVWVVKRZHGLPSDLUPHQWVGLGQRW$FFRUGLQJWRGHFLVLRQVEDVHG
RQWKHGUXJFKHFNIRUPRIDOOSDWLHQWVZHUHUHJDUGHGDVXQ¿WWRGULYH
,QRIWKHPSV\FKRORJLFDOWHVWVDJUHHGZLWKWKHGHFLVLRQRILPSDLUPHQW
'HWUDFWLRQZDVPRUHIUHTXHQWLQSDWLHQWVZLWKPXOWLLQWR[LFDWLRQWKDQLQSXUH
RSLRLGHLQWR[LFDWLRQ
&RQFOXVLRQV 7KH VFUXWLQLVHG VDOLYD TXLFNWHVWV KDYH OLPLWHG YDOLGLW\ WR
GHWHFWGUXJLQWR[LFDWLRQ7KHVWUXFWXUHGGUXJFKHFNIRUPXVLQJHDV\IHDVLEOH
WHVWVLVKHOSIXOWRHVWLPDWHWKH¿WQHVVWRGULYH
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&DQQDELV8VHDQG$EXVHLQDQ$IULNDQHU6FKL]RSKUHQLD
)RXQGHU3RSXODWLRQ
-RKDQQHV/RGHZLNXV5RRV
'HSDUWPHQWRI3V\FKLDWU\:HVNRSSLHV+RVSLWDO8QLYHUVLW\RI
3UHWRULD6RXWK$IULFD
3UHWRULXV+:0.DUD\LRUJRX%RUDLQH+
2EMHFWLYHV$QRQJRLQJFROODERUDWLYHVWXG\EHWZHHQWKH+XPDQ1HXURJH
QHWLF/DERUDWRU\RI5RFNHIHOOHU8QLYHUVLW\1HZ<RUNDQGWKH'HSDUWPHQW
RI 3V\FKLDWU\ DW WKH 8QLYHUVLW\ RI 3UHWRULD KDV EHHQ WDNLQJ SODFH VLQFH
 WRPDSJHQHV IRUVFKL]RSKUHQLD$VSHFWVRIFDQQDELVXVHDEXVHZLOO
EHUHSRUWHG
0HWKRGV7KH'LDJQRVWLF,QWHUYLHZIRU*HQHWLF6WXGLHV>',*6@LVXVHGIRU
DOOGLDJQRVLV$QDUUDWLYHUHSRUWLVFRPSOHWHG)URPWKLVGDWDEDVHZHGHWHU
PLQHGJHQGHUGLDJQRVWLFVXEW\SHDJHRILOOQHVVRQVHWHDUO\LQVXOWVHDUO\
GHYLDQWEHKDYLRXUFDQQDELVXVHDEXVHDQGIDPLO\KLVWRU\RIVFKL]RSKUHQLD
5HVXOWV)URPVXEMHFWVZHIRXQG>Q @PDOHVDQG>Q 
@IHPDOHV,QPDOHV>Q @KDGVFKL]RSKUHQLDDQG>Q @
VFKL]RDIIHFWLYHGLVRUGHU)HPDOHVKDGVFKL]RSKUHQLD>Q @DQG6$'
>Q @RIVXEMHFWV>Q @>Q @PDOHVDQG>Q
 @IHPDOH¶VXVHGDEXVHGFDQQDELV7KHPHDQDJHDWRQVHWRILOOQHVVIRU
WKHPDOHVLV\HDUV7KLVLVVLJQL¿FDQWO\HDUOLHUWKDQWKDWRIPDOHZLWK
QR FDQQDELV XVHDEXVH JURXS DVZHOO DV IRU ERWK WKHVH JURXSV LQ IHPDOHV
>S @7KHORQJWHUPFRXUVHRILOOQHVVZDVVLPLODULQERWKFDQQDELV
XVHDEXVHDQGQRQXVHDEXVHJURXSV
)XUWKHUDQDO\VLVZDVGRQHRQVFKL]RSKUHQLDVXEMHFWV>Q @$QDQDO\VLV
RIYDULDQFHSHUIRUPHGRQDJHRILOOQHVVRQVHWLQGLFDWHGWKDWHDUO\GHYLDQWEH
KDYLRXU>\HDUV@IDPLO\KLVWRU\RIVFKL]RSKUHQLDFDQQDELVXVHDEXVH
DQGWKHLQWHUDFWLRQHIIHFWJHQGHUE\FDQQDELVXVHDEXVHDQGJHQGHUE\HDUO\
GHYLDQWEHKDYLRXU>±\HDUV@DUHVLJQL¿FDQW$QDQDO\VLVRIYDULDQFHSHU
IRUPHGRQDJHRILOOQHVVRQVHWLQGLFDWHGWKDWHDUO\GHYLDQWEHKDYLRXU>±
\HDUV@>S @JHQGHUHDUO\GHYLDQWEHKDYLRXULQWHUDFWLRQ>S @
JHQGHUFDQQDELVXVHDEXVHLQWHUDFWLRQ>S @DQGFDQQDELVXVHDEXVH
>S @ZHUHWKHPRVWVLJQL¿FDQWLQH[SODLQLQJDJHRIRQVHWRILOOQHVV
&RQFOXVLRQV&DQQDELVXVHDEXVHLVFRPPRQDPRQJVWPDOHVFKL]RSKUHQLD
VXEMHFWVDQGDIIHFWVDJHDWRQVHWRILOOQHVV(DUO\GHYLDQWEHKDYLRXULQWKH
¿UVWWHQ\HDUVRIOLIHLQWKHVHVXEMHFWVLVPRUHLPSRUWDQWLQWKLVUHJDUGDQG
PD\EHVHHQDVDSRVVLEOHHQGRSKHQRW\SLFDOPDUNHU
32
(IIHFWVRIFKURQLFPLOGVWUHVVRQEHKDYLRURIUDWVRIGLIIHUHQW
VWUDLQV
1DGH]KGD.KOHEQLNRYD
,QVWLWXWHRI*HQHUDO3DWKRORJ\DQG3DWKRSK\VLRORJ\5XVVLD
1DWDOL\D.UXSLQD,ULQD2UORYD9DOHQWLQD5RGLQD
9\DFKHVODY'XE\QLQ
2EMHFWLYHV3V\FKRHPRWLRQDOVWUHVVLVNQRZQWROHDGWRSV\FKRVRPDWLFDQG
EHKDYLRUDOGLVRUGHUV3DWWHUQDQGVHYHULW\RIWKHGLVRUGHUVLQGXFHGE\DFXWH
VWUHVVDUHLQPDQ\UHVSHFWVKHUHGLWDU\WUDLWV$WSUHVHQW$XJXVW$XJUDWVDUH
FRQVLGHUHGWREHPRUHUHVLVWDQWWRDFXWHVWUHVVLQGXFHGVWRPDFKOHVLRQDQG
H[SORUDWLRQGLVWXUEDQFHVWKDQ:LVWDU:VWUDWV$WWKHVDPHWLPH$XJUDWV
DUHSUHGLVSRVHGWRFDUGLRYDVFXODUSDWKRORJ\3VKHQQLNRYD0*HWDO
,QSUHVHQWLQYHVWLJDWLRQWKHHIIHFWVRIFKURQLFPLOGVWUHVV&06RQGLIIHUHQW
FKDUDFWHUVRIHPRWLRQDOEHKDYLRULQ$XJDQG:VWUDWVZHUHFRPSDUHG
0HWKRGV$XJDQG:VWUDWVDWWKHDJHRIPRQWKVZHUHVXEMHFWHGWRGDLO\
FRQWLQXRXV &06 SHULRGV RI IRRG RU ZDWHU GHSULYDWLRQ GLUW\ QDUURZ RU
WLOWHGFDJHFKDQJHVLQOLJKWLQJFRQGLWLRQVÀDVKHVRIOLJKWRIORZIUHTXHQF\
±+] LUULWDWLYHVPHOOHWFIRUZHHNVZLWKDZHHNF\FOH6WUHVVDJHQWV
DOWHUQDWHGLQXQSUHGLFWDEOHPDQQHU'\QDPLFVRIEHKDYLRUDOFKDQJHVLQUDWV
ZDVHYDOXDWHGLQDEDWWHU\RIDSSURSULDWHWHVWVRSHQ¿HOGIRUFHGVZLPWHVW
WHVWIRUDQKHGRQLD±SUHIHUHQFHIRUWKHVXFURVHRYHUZDWHULQFOXGLQJDFRXV
WLF VWDUWOH UHVSRQVH $65DQGDVVHVVPHQWRI DQ[LHW\SKRELF VWDWHXVLQJD
VSHFLDOUDQJHGVFDOH
5HVXOWV/RFRPRWLRQDQGH[SORUDWLRQLQRSHQ¿HOGWHVWDQGDFWLYHVZLPPLQJ
LQIRUFHGVZLPWHVWZHUHPRUHLQWHQVLYHDVZHOODVVHQVRULPRWRUUHDFWLYLW\
E\DPSOLWXGHDQGODWHQF\RI$65ZDVKLJKHULQLQWDFW$XJUDWVFRPSDULQJ
WR LQWDFW:VW UDWV ,QWDFW$XJ UDWVZHUH DOVR OHVV DQ[LRXV WKDQ:VW RQHV
8QGHU&06$XJEXWQRW:VWUDWVGHPRQVWUDWHGWKHGHFUHDVHRIVHQVRULPRWRU
UHDFWLYLW\ GHFUHDVH RI DPSOLWXGH DQG LQFUHDVH RI ODWHQF\RI$658QGHU
&06FRQGLWLRQVORFRPRWLRQDQGH[SORUDWLRQZHUHGHFUHDVHGLQUDWVRIERWK
VWUDLQV$FWLYHVZLPPLQJLPPRELOLW\LQIRUFHGVZLPWHVWSUHIHUHQFHIRUWKH
VXFURVHRYHUZDWHUDQGDQ[LHW\ OHYHOGLGQRWFKDQJHERWKLQ$XJDQG:VW
UDWV&06UHWDUGHGZHLJKWLQFUHDVHLQ:VWUDWVZKLOHLQ$XJUDWVZHLJKWGLG
QRWFKDQJH
&RQFOXVLRQV'HFUHDVHRIVHQVRULPRWRU UHDFWLYLW\ LQ$XJUDWVXQGHU&06
FRQGLWLRQVWHVWL¿HVWROHVVWROHUDQFHWRFKURQLFVWUHVVLQ$XJFRPSDULQJZLWK
:VWUDWV%HKDYLRUDOUHVSRQVHLVEHOLHYHGWRGHSHQGRQWKHFKDUDFWHURIVWUHVV
±DFXWHRUFKURQLFRQH*HQHWLFDOO\GHWHUPLQHGGLIIHUHQFHLQQHXURFKHPLFDO
DQG QHXURSK\VLRORJLFDOPHFKDQLVPV DSSHDUHG WR EH WKH EDVLV RI GLIIHUHQW
WROHUDQFHWR&06LQ$XJDQG:VWUDWV
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32
$Q(IIHFWRI'5'613VRQ3HUVRQDOLW\7UDLWV5HODWHGWR
6RFLDO$FWLYLW\
9HUD*ROLPEHW
0HQWDO+HDOWK5HVHDUFK&HQWHU5XVVLD
,QJD*ULWVHQNR0DUJDULWD$O¿PRYD/LOLD$EUDPRYD
5LFKDUG3(EVWHLQ
2EMHFWLYHV'5'JHQHLVEHOLHYHGWRLPSDFWRQKXPDQSHUVRQDOLW\WUDLWV
$Q DVVRFLDWLRQ KDV EHHQ UHSRUWHG EHWZHHQ SURPRWHU 613 ɋ7 DQG
9175SRO\PRUSKLVPLQH[RQDQGVXFKWHPSHUDPHQWDO WUDLWVDV1RYHOW\
VHHNLQJDQG([WUDYHUVLRQ$OVRWKHUHDUHVHYHUDOOLQHVRIHYLGHQFHWKDWWKHVH
SRO\PRUSKLVPVDUHUHODWHGWRVFKL]RSKUHQLD+RZHYHUWKHUHVXOWVZHUHQRW
FRQ¿UPHGLQDOOVWXGLHV7KLVLQFRQVLVWHQF\PD\EHH[SODLQHGLQSDUWE\JHQ
GHUDQGHWKQLFGLIIHUHQFHVRULQVXI¿FLHQWVWDWLVWLFDOSRZHUZKLFKFDQEHLQ
FUHDVHGE\XVLQJVHYHUDO613VLQDVVRFLDWLRQDQDO\VLV7RIXUWKHULQYHVWLJDWH
DUROHRI'5'JHQHLQSHUVRQDOLW\WUDLWVDQGVFKL]RSKUHQLDZHKDYHVWXGLHG
DOOHOHJHQRW\SHDQGKDSORW\SHGLVWULEXWLRQRISURPRWHU'5'613V±
*$*&ɢ±ɋɌLQ5XVVLDQKHDOWK\LQGLYLGXDOVDQGSDWLHQWVZLWK
VFKL]RSKUHQLDDQGWHVWHGWKHVH613VIRUDVVRFLDWLRQZLWKSHUVRQDOLW\WUDLWV
0HWKRGV $ VDPSOH LQFOXGHG  QRQSV\FKRWLF VXEMHFWV  ZLWKRXW
IDPLO\ KLVWRU\ RI SV\FKRVLV PHDQ DJH  \HDUV DQG  UHODWLYHV
RIVFKL]RSKUHQLFSDWLHQWVPHDQDJH\HDUVDQGSDWLHQWV
ZLWK,&'GLDJQRVLVRIVFKL]RSKUHQLDPHDQDJH\HDUVLOOQHVV
GXUDWLRQ\HDUV$OOVXEMHFWVKDYHFRPSOHWHGDVHWRISHUVRQDOLW\
DQG WHPSHUDPHQW TXHVWLRQQDLUHV (3, 003, 7&, 613V ZHUH DV
VD\HGXVLQJDQ$%,6QD3VKRWGG1733ULPHU([WHQWLRQNLW+DSORW\SHVZHUH
HVWLPDWHGZLWKWKH(+SURJUDP
5HVXOWV$OOHOHDQGJHQRW\SHGLVWULEXWLRQ LQ5XVVLDQVZHUHVLPLODU WR WKDW
UHSRUWHG IRU RWKHU(XURSHDQSRSXODWLRQV7KHSRO\PRUSKLVPVZHUHQRW LQ
OLQNDJHGLVHTXLOLEULXP1RGLIIHUHQFHLQDOOHOHDQGJHQRW\SHIUHTXHQF\ZDV
IRXQGEHWZHHQVFKL]RSKUHQLFSDWLHQWVDQGFRQWUROV7KHɋ7ɢ*&
PDUNHUVZHUHOLQNHGWRWKHGLVHDVHSZKHQWKH(+SURJUDPKDVEHHQ
DSSOLHG,QSV\FKLDWULFDOO\ZHOOVXEMHFWV WKHUHZDVDQLQWHUDFWLRQHIIHFWRI
±&7DQG*$JHQRW\SHVRQ([WUDYHUVLRQ(3,ɪ DQG
6RFLDOLQWURYHUVLRQ003,ɪ *HQRW\SHV±&7DQG±&*
H[HUWHGDQLQWHUDFWLRQHIIHFWRQ+\SRPDQLDPHDVXUHGE\003,ɪ 
DQG([WUDYHUVLRQɪ ,QVFKL]RSKUHQLFVDWUHQGWRZDUGVDQDVVRFLDWLRQ
ZDVVKRZQIRUWKH***$S DQG**±*&S 
JHQRW\SHVDQGKLJKHUVFRUHVRQWKH+\SRPDQLDVFDOHFRPSDULQJWRWKH*$
*$$$*$DQG*&±*&&&±*&JHQRW\SHV
&RQFOXVLRQV7KHUHVXOWVFRQ¿UPHGDUROHRI'5'JHQHSRO\PRUSKLVPLQ
VFKL]RSKUHQLD DQG WHPSHUDPHQW ,Q DGGLWLRQ DQ DVVRFLDWLRQZDVREVHUYHG
EHWZHHQJHQHWLFYDULDQWVDQGSHUVRQDOLW\WUDLWVUHODWHGWRVRFLDODFWLYLW\WKH
ODWWHUVHHPVWRSOD\DUROHLQGHYHORSPHQWDQGRXWFRPHRIVFKL]RSKUHQLD
7KLVZRUNZDVVXSSRUWHGLQSDUWE\WKH5)%5JUDQW1
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
+RPRF\VWHLQH3ODVPD/HYHOVDUH(OHYDWHGLQ)HPDOHVZLWK
$QRUH[LDQHUYRVD
+HOJH)ULHOLQJ
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\(UODQ
JHQ1XUHPEHUJ*HUPDQ\
.RQVWDQ]H5|PHU%LUJLW5|VFKNH0DUWLQDGH=ZDDQ
-RKDQQHV.RUQKXEHU6WHIDQ%OHLFK
2EMHFWLYHV(OHYDWHGSODVPDKRPRF\VWHLQHOHYHOV+F\KDYHEHHQIRXQGLQ
GLIIHUHQWSV\FKLDWULFGLVRUGHUVHJLQSDWLHQWVZLWKDOFRKROLVPGHSUHVVLRQ
DQG$O]KHLPHUCVGLVHDVH$',QFUHDVHG+F\OHYHOVKDYHDOVREHHQIRXQG
LQDGROHVFHQWVZLWKDQRUH[LDQHUYRVD7KHDLPRIWKHSUHVHQWVWXG\ZDVWR
HYDOXDWHZKHWKHUSODVPD+F\LVDOWHUHGLQDGXOWIHPDOHVZLWKDGLDJQRVLVRI
DQRUH[LDQHUYRVDRUEXOLPLDQHUYRVD
0HWKRGV +RPRF\VWHLQH IRODWH DQG YLWDPLQH % FRQFHQWUDWLRQV ZHUH
DVVHVVHGLQIHPDOHVZLWKDQRUH[LDQHUYRVDDQGIHPDOHVZLWKEXOLPLD
QHUYRVDPHHWLQJ,&'FULWHULD$OOSDWLHQWVZHUHLQSDWLHQWVLQDSV\FKRVR
PDWLFKRVSLWDO
5HVXOWV:HREVHUYHGVLJQL¿FDQWO\7 3 KLJKHUOHYHOVRI+F\
LQDQRUHFWLFSDWLHQWVPROOPHDQ6'ZKHQFRPSDUHGZLWK
WKRVH VXIIHULQJ IURP EXOLPLD  )LJXUH  3ODVPD OHYHOV RI
IRODWHDQGYLWDPLQH%GLGQRWGLIIHUEHWZHHQJURXSV7KHUHZHUHQHLWKHU
VLJQL¿FDQWFRUUHODWLRQVEHWZHHQ+F\OHYHOVDQGIRODWHOHYHOVRUYLWDPLQH%
OHYHOVUHVSHFWLYHO\QRUEHWZHHQ+F\OHYHOVDQG%0,
&RQFOXVLRQV (OHYDWHG SODVPD OHYHOV RI KRPRF\VWHLQH ZHUH IRXQG LQ IH
PDOHVZLWKDQRUH[LDQHUYRVD(OHYDWHGKRPRF\VWHLQH OHYHOVDUHDVVRFLDWHG
ZLWKGHFUHDVHGJOREDOFRJQLWLYHSHUIRUPDQFHLQ$'DQGQRQGHPHQWHGHOG
HUO\+RPRF\VWHLQHDFWVDVDQDJRQLVWDWWKH10'$UHFHSWRUPHGLDWHVH[
FLWRWR[LFLW\DQGGLVWXUEVJOXWDPDWHUJLFQHXURWUDQVPLVVLRQVXFKDVLPSDLUHG
VLJQDOWRQRLVH UDWLR$Q LQFUHDVHRIKRPRF\VWHLQH WKXVPD\FRQWULEXWH WR
FRJQLWLYHLPSDLUPHQWREVHUYHGLQWKLVGLVRUGHU7DNLQJLQWRDFFRXQWWKDWK\
SHUKRPRF\VWHLQHPLDLVDVVRFLDWHGZLWKEUDLQVKULQNDJHLQERWKSDWLHQWVZLWK
DOFRKROLVPDQGHOGHUO\SDWLHQWVWKLVPD\DOVRFRQWULEXWHWREUDLQVKULQNDJH
IUHTXHQWO\REVHUYHGLQDQRUH[LD
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U706)DLOHGWR&KDQJH>&@UDFORSULGH%LQGLQJLQ'HSUHVVHG
3DWLHQWV
<XNR.XURGD
7RN\R0HGLFDODQG'HQWDO8QLYHUVLW\-DSDQ
1REXWDND0RWRKDVKL6KLJHR,WR$NLKLUR7DNDQR
+LGHQRUL$WVXWD7RPR7HUDGD7HWVX\D6XKDUD7RUX1LVKLNDZD
2EMHFWLYHV6HYHUDO VWXGLHVKDYHGHPRQVWUDWHG WKDW UHSHWLWLYH WUDQVFUDQLDO
PDJQHWLFVWLPXODWLRQU706KDVPRGHUDWHDQWLGHSUHVVDQWHIIHFWV$OWKRXJK
WKHSUHFLVHPHFKDQLVPVRIDFWLRQRIU706DUHVWLOOXQNQRZQVHYHUDOOLQHV
RI HYLGHQFH VXJJHVW WKDW WKH DFWLYDWLRQ RI GRSDPLQHUJLF SDWKZD\PD\ EH
FORVHO\UHODWHGWRLWVWKHUDSHXWLFDFWLRQ,QWKLVVWXG\ZHKDYHH[DPLQHGWKH
HIIHFWVRIU706RQWKHFRQFHQWUDWLRQRIH[WUDFHOOXODUGRSDPLQHLQWKHEUDLQ
RISDWLHQWVZLWKGUXJWUHDWPHQWUHVLVWDQWGHSUHVVLRQE\WKHXVHRISRVLWURQ
HPLVVLRQWRPRJUDSK\3(7
0HWKRGV(LJKWSDWLHQWVIRXUPDOHV\HDUVROGZLWKGUXJWUHDWPHQW
UHVLVWDQW GHSUHVVLRQ SDUWLFLSDWHG LQ WKLV VWXG\$OO JDYH ZULWWHQ LQIRUPHG
FRQVHQWEHIRUHWKHLUSDUWLFLSDWLRQLQWKHVWXG\ZKLFKZDVDSSURYHGE\WKH
+XPDQ(WKLFV&RPPLWWHHV RI7RN\R0HGLFDO DQG'HQWDO8QLYHUVLW\ DQG
1DWLRQDO ,QVWLWXWHRI5DGLRORJLFDO6FLHQFHV7KHLU VFRUHVRQ WKH+DPLOWRQ
5DWLQJ 6FDOH IRU 'HSUHVVLRQ +56' ZHUH  PHDQ6' UDQJH
'XULQJ WKHVWXG\SDWLHQWVFRXOG WDNHÀXYR[DPLQHDQG ORUD]HSDP
3DWLHQWVZHUH WUHDWHGZLWKGDLO\ VHVVLRQVRI U706+] VHF WUDLQ
 WUDLQV DW PRWRU WKUHVKROG SHU VHVVLRQ RYHU WKH OHIW GRUVRODWHUDO
SUHIURQWDOFRUWH[ '/3)&5HVSRQVH WR WUHDWPHQWZDVGH¿QHGDVRU
PRUHUHGXFWLRQLQ+56'(DFKSDWLHQWXQGHUZHQW>&@UDFORSULGH3(7VFDQV
WLPHVEHIRUHU706GD\DIWHUU706DQGZHHNVDIWHUU7060HPRU\
DQGFRJQLWLYHIXQFWLRQLQJZHUHGHWHUPLQHGZLWK0LQL0HQWDO6WDWH([DPL
QDWLRQ006(SDUWVRI:HFKVOHU0HPRU\6FDOH5HYLVHG:065DQG
7UDLO0DNLQJ7HVW707
5HVXOWV  RXW RI  SDWLHQWV UHVSRQGHG WR U7060HPRU\ DQG FRJQLWLYH
IXQFWLRQLQJ GLG QRW FKDQJH IROORZLQJ U706 7KHUH ZHUH QR FKDQJHV LQ
>&@UDFORSULGHELQGLQJLQWKHFDXGDWHQXFOHXVDQGWKHSXWDPHQDIWHUWUHDW
PHQW
&RQFOXVLRQV7KLVVWXG\VXSSRUWVDQDQWLGHSUHVVDQWHIIHFWRIU706,Q3(7
VWXG\ZHFRXOGQRWGHWHFWUHOHDVHRIVWULDWDOGRSDPLQH6HYHUDODQLPDOVWXG
LHVDQGKHDOWK\KXPDQVWXGLHVKDYHLQGLFDWHGWKDWGRSDPLQHFDQEHUHOHDVHG
VRRQDIWHUU7067KXVRXUUHVXOWVVXJJHVWWKDWUHOHDVHRIVWULDWDOGRSDPLQH
LQGXFHGE\U706PD\EHRQO\WUDQVLHQWRUWKDWGRSDPLQHUHOHDVHPD\EH
DWWHQXDWHGLQGHSUHVVHGSDWLHQWV
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'RHV706+HOSWR%HWWHU8QGHUVWDQG6FKL]RSKUHQLDDQG
1HXUROHSWLF7UHDWPHQW"
%HUWKROG/DQJJXWK
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\RI
5HJHQVEXUJ*HUPDQ\
3HWHU(LFKKDPPHU0LFKDHO/DQGJUHEH3KLOLSS6DQG
*|UDQ+DMDN
2EMHFWLYHV7UDQVFUDQLDOPDJQHWLFVWLPXODWLRQ706SURYLGHVDQLQWULJX
LQJ LQ YLYRPHWKRG WR LQYHVWLJDWHPRWRU FRUWH[ H[FLWDELOLW\ LQPHQ 7KLV
PD\RIIHUQHZLQVLJKWVLQWRWKHSDWKRSK\VLRORJ\RIVFKL]RSKUHQLDDQGLQWR
QHXURSK\VLRORJLFDOHIIHFWVRIQHXUROHSWLFGUXJWUHDWPHQW
0HWKRGV:HVWXGLHGVHYHUDO706SDUDGLJPVLQ¿UVWHSLVRGHVFKL]RSKUHQLF
SDWLHQWVEHIRUH WUHDWPHQW LQLWLDWLRQDQGXQGHU VWHDG\VWDWHFRQGLWLRQVZLWK
GLIIHUHQWQHXUROHSWLFGUXJV
5HVXOWV7KHSDWLHQWJURXSGHPRQVWUDWHGDVLJQL¿FDQWORZHUUHVWLQJPRWRU
WKUHVKROG DV FRPSDUHGZLWK KHDOWK\ FRQWUROVZKHUHDV706SDUDGLJPVRI
FRUWLFDO VLOHQW SHULRG LQWUDFRUWLFDO LQKLELWLRQ DQG LQWUDFRUWLFDO IDFLOLWDWLRQ
IDLOHG WR VKRZ VLJQL¿FDQW GLIIHUHQFHV EHWZHHQ SDWLHQWV DQG FRQWUROV7KLV
SDWWHUQRI706SDUDPHWHUVLVVLPLODUWRWKDWREWDLQHGLQKHDOWK\YROXQWHHUV
LQYHVWLJDWHG XQGHU LQFUHDVLQJ GRVHV RI NHWDPLQH D FHQWUDO DFWLQJ GUXJ
NQRZQ WRSURGXFHSV\FKRVLVOLNHHIIHFWV ,QDJUHHPHQWZLWK UHFHQW UHVXOWV
RI IXQFWLRQDO LPDJLQJ RXU QHXURSK\VLRORJLFDO ¿QGLQJV VXJJHVW WKDW GUXJ
LQGXFHG DQG QDWXUDOO\ RFFXULQJ SV\FKRVLVPD\ VKDUH D FRPPRQ SDWKZD\
ZKLFKPD\EDVHRQG\VIXQFWLRQDOJOXWDPDWHUJLFPHFKDQLVPV
1HXUROHSWLFWUHDWPHQWZDVUHÀHFWHGE\LQFUHDVHRIFRUWLFDOVLOHQWSHULRGDQG
PRWRUWKUHVKROGVSRLQWLQJWRDWUHDWPHQWLQGXFHGLPSURYHPHQWRILQKLELWRU\
IXQFWLRQV
&RQFOXVLRQV 7KHVH ¿QGLQJV GHPRQVWUDWH WKH SRWHQWLDO RI 706 WR GHWHFW
H[FLWDELOLW\ FKDQJHV DVVRFLDWHG ZLWK VFKL]RSKUHQLD DQG ZLWK QHXUROHSWLF
WUHDWPHQW7KLVPHWKRGFRXOGEHIXUWKHUGHYHORSHGDVDGLDJQRVWLF WRRORU
IRUHQGRSKHQRW\SL]DWLRQ
32
1HXURQDYLJDWHG/RZ)UHTXHQF\U706IRUWKH7UHDWPHQWRI
$XGLWRU\3KDQWRP6HQVDWLRQV
%HUWKROG/DQJJXWK
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\RI
5HJHQVEXUJ*HUPDQ\
-|UJ0DULHQKDJHQ7RELDV.OHLQMXQJ*|UDQ+DMDN
3HWHU(LFKKDPPHU
2EMHFWLYHV 7KH SDWKRSK\VLRORJLFDO PHFKDQLVPV RI LGLRSDWKLF WLQQLWXV
UHPDLQ XQFOHDU5HFHQW VWXGLHV GHPRQVWUDWHG IRFDO EUDLQ DFWLYDWLRQ LQ WKH
DXGLWRU\FRUWH[RISDWLHQWVVXIIHULQJIURPFKURQLFWLQQLWXV/RZIUHTXHQF\
UHSHWLWLYHWUDQVFUDQLDOPDJQHWLFVWLPXODWLRQU706LVDEOHWRUHGXFHFRUWLFDO
K\SHUH[FLWDELOLW\
0HWKRGV 3DWLHQWV VXIIHULQJ IURP VHYHUH FKURQLF WLQQLWXV XQGHUZHQW D
>)@GHR[\JOXFRVH 3(7 SRVLWURQ HPLVVLRQ WRPRJUDSK\ DQG05, PDJ
QHWLF UHVRQDQFH LPDJLQJ PHDVXUHPHQW )XVLRQLQJ RI WKH LQGLYLGXDO 3(7
VFDQZLWKWKHVWUXFWXUDO05,VFDQ7035$*(DOORZHGWRH[DFWO\LGHQ
WLI\ WKHDUHDRI LQFUHDVHGPHWDEROLF DFWLYLW\ LQ WKHDXGLWRU\FRUWH[ZKLFK
ZDVVHOHFWHGDV WKH WDUJHWSRLQW IRU U706 ,Q WKLVFRQWH[WDQHXURQDYLJD
WLRQDO V\VWHPDGDSWHG IRU706SRVLWLRQLQJ HQDEOHG WRPRQLWRUH WKH H[DFW
SRVLWLRQRIWKH¿JXUHVKDSHGPDJQHWLFFRLOLQUHODWLRQWRWKHWDUJHWDUHD
U706PRWRU WKUHVKROG+]VWLPXOLGD\RYHUGD\VZDV
SHUIRUPHGXVLQJDSODFHERFRQWUROOHGGHVLJQ3DWLHQWVZHUHEOLQGUHJDUGLQJ
WKHVWLPXOXVFRQGLWLRQ)RUWKHVKDPVWLPXODWLRQDVSHFL¿FVKDPFRLOV\VWHP
ZDVXVHG7UHDWPHQWRXWFRPHZDVDVVHVVHGZLWKDVSHFL¿FWLQQLWXVTXHVWLRQ
QDLUH*RHEHODQG+LOOHU
5HVXOWV8SWRGDWHSDWLHQWVZHUHLQFOXGHG,QPRVWRIWKHSDWLHQWVZH
FRXOGORFDOL]HDQLQFUHDVHGPHWDEROLFDFWLYDWLRQZLWKLQWKHSULPDU\DXGLWRU\
FRUWH[$IWHUGD\VRIYHUXPU706DUHPDUNDEOHLPSURYHPHQWRIWKHWLQ
QLWXVVFRUHZDVIRXQG7KLVHIIHFWFRXOGQRWEHVHHQDIWHUVKDPVWLPXODWLRQ
&RQFOXVLRQV 7KHVH SUHOLPLQDU\ UHVXOWV GHPRQVWUDWH WKDW QHXURQDYLJDWHG
U706RIIHUVQHZSRVVLELOLWLHVLQWKHXQGHUVWDQGLQJDQGWUHDWPHQWRIFKURQLF
WLQQLWXV
32
/RZ)UHTXHQF\U706,QGXFWLRQRI1HXURSODVWLF(IIHFWV
%HUWKROG/DQJJXWK
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\RI
5HJHQVEXUJ*HUPDQ\
*|UDQ+DMDN6XVDQQH*lQVVEDXHU3KLOLSS6DQG
3HWHU(LFKKDPPHU
2EMHFWLYHV5HSHWLWLYH7UDQVFUDQLDO0DJQHWLF6WLPXODWLRQUHFHLYHVLQFUHDV
LQJDWWHQWLRQDV DQRQLQYDVLYHPHWKRG IRU VSHFL¿F VWLPXODWLRQRIGLVWLQFW
FRUWLFDO DUHDV%DVHGRQ LWVTXDOLW\ WR UHGXFHFRUWLFDO H[FLWDELOLW\ ORZ IUH
TXHQF\U706ZDVSURSRVHGDVDQLQQRYDWLYHWUHDWPHQWVWUDWHJ\IRUVRFDOOHG
K\SHUH[FLWDELOLW\GLVRUGHUV
0HWKRGV7RHOXFLGDWHWKHPHFKDQLVPRIDFWLRQRIORZIUHTXHQF\U706ZH
LQYHVWLJDWHGWKHHIIHFWRIVHVVLRQV+]U706WRWKHWHPSRUDOFRUWH[LQSD
WLHQWVVXIIHULQJIURPFKURQLFWLQQLWXVDQGLQKHDOWK\VXEMHFWV)RUWKHDVVHVV
PHQW RI VWLPXODWLRQ HIIHFWV HOHFWURSK\VLRORJLFDOPHWKRGV FRUWLFDO HYRNHG
SRWHQWLDOVZHUHFRPELQHGZLWK9R[HO%DVHG0RUSKRPHWU\9%0
5HVXOWV U706 GHOLYHUHG WR WKH VXSHULRU WHPSRUDO FRUWH[ LQGXFHVPDFUR
VFRSLF FRUWLFDO FKDQJHVZLWKLQ WKH DXGLWRU\ FRUWH[ZKLFK DUHPLUURUHG E\
FKDQJHVLQFRUWLFDOHYRNHGSRWHQWLDOV
&RQFOXVLRQV 2XU VWXG\ GHPRQVWUDWHV QHXURSODVWLF FKDQJHV ZKLFK RFFXU
ZLWKLQ D WLPH UDQJH FKDUDFWHULVWLF IRU WKH RQVHW RI EHKDYLRXUDO HIIHFWV LQ
QHXURSV\FKLDWULFGLVHDVHVLQGXFHGE\DYDULHW\RIWUHDWPHQWPHWKRGVLQFOXG
LQJU706
32
7KH3KHQRPHQRORJLFDO3HFXOLDULWLHVRI2EVHVVLRQV
GXHWR%UDLQ'DPDJH
6DPYHO0DUJDU\DQ
&HQWHURI0HQWDO+HDOWK³675(66´$UPHQLD
2EMHFWLYHV 7R ¿QG RXW WKH FOLQLFDO SHFXOLDULWLHV RI IRUPDWLRQ RI REVHV
VLYH GLVWXUEDQFHV GXH WR EUDLQ GDPDJH RI WUDXPDWLF LQIHFWLRXV DQG WR[LF
JHQHVLV
0HWKRGVSDWLHQWVZLWKSUHYDOHQFHRIREVHVVLYHGLVWXUEDQFHVLQFOLQLFDO
SLFWXUHDIWHUEUDLQGDPDJHKDYHEHHQH[DPLQHGLQWKH&HQWHURI0+³6WUHVV´
GXULQJZHUHPHQDQGZRPHQ7KH\ZHUHLQYHVWLJDWHGE\
G\QDPLFFOLQLFDOSV\FKRSDWKRORJLFDOPHWKRG8VLQJVSHFLDOO\GHLJQHGTXHV
WLRQQDLUHV WKH SV\FKLDWULF VRPDWLFQHXURORJLFDO DQG VRFLDOSV\FKRORJLFDO
VWDWHVRIWKHPHQWLRQHGSDWLHQWVKDVDVVHVVHG7KH\DOVRFRPSOHWHG+RSNLQV
6\PSWRP,QYHQWRU\6&/
5HVXOWV 7KH SKHQRPHQRORJLFDO DQDO\VLV RI WKH REVHVVLRQV LQ G\QDPLFV
VKRZHG WKDW SDWLHQWV PDLQO\ KDYH SKRELDV Q  WZR KDYH REVHVVLYH
UHPLQLVFHQFHVDQGRQHFRPSXOVLRQV7KLVGLYLVLRQ LVFRQGLWLRQDODV WKH\
ZHUHPDQLIHVWHGYHU\RIWHQLQPL[HGIRUPV,QSDWLHQWVRIWKH
SKRELDVZHUHFRQQHFWHGZLWKWKHLUKHDOWKSDWLHQWVZLWKGLIIHUHQWQR]RSKR
ELDVPDLQO\FDUGLRSKRELDVDQGFDQFHURSKRELDVDQGZLWKWDQDWRSKRELD
,QGHSHQGHQWO\ RI WKHPDWWHU RI WKH SKRELDV WKH UROH RI GLIIHUHQW VHQHVWR
SDWKLF DQGYHJHWDO VHQVDWLRQV LQ WKHLU V\QGURPRJHQHVLV LV GHFLVLYH7KHVH
VHQVDWLRQVZHUHDEVHQWLQ³DEVWUDFW´SKRELDVDIWHUEUDLQGDPDJHZKLFKKDYH
EHHQVHHQLQSDWLHQWVFODXVWURSKRELDP\VRSKRELDDQGLPSRWHQWRSKRELD
,WLVUHPDUNDEOHWKDWRQO\RISDWLHQWVZLWKQR]RSKRELDVZHUH
DIIHFWHG E\ VHYHUH SV\FKRJHQLF IDFWRUV EXW   RI  SDWLHQWVZLWK
RWKHUREVHVVLRQVKDGWKHVDPHLQÀXHQFHV,QG\QDPLFVWKHREVHVVLYHSKRELF
GLVWXUEDQFHVXVXDOO\ZHUHWUDQVIRUPHGLQWRVHQHVWRSDWKLFK\SRFKRQGULDFDO
GHSUHVVLYHK\SRFKRQGULDFDO GHSUHVVLYHGHSHUVRQDOL]DWLRQDO V\QGURPHV
7KHG\QDPLFSV\FKRSDWKRORJLFDODQDO\VLVRIWKHPHQWLRQHGSDWLHQWVVKRZHG
WKDWWKHIRUPDWLRQRI³REVHVVLYHVHQHVWRK\SRFKRQGU\´LVW\SLFDODVFKURQLF
FRQVHTXHQFHVRI EUDLQGDPDJH ,WZDV VKRZHG WKDW JHQHWLFFRQVWLWXWLRQDO
IDFWRUVDUHRIELJLPSRUWDQFHLQVXFKGHYHORSPHQW
&RQFOXVLRQV7KHUHLVFHUWDLQO\LQWHUSOD\RIIDFWRUVLQWKHJHQHVLVRIREVHV
VLYHGLVWXUEDQFHVDIWHUEUDLQGDPDJHZKHUHWKHUROHRIGLIIHUHQWVRPDWRIRUP
VHQVDWLRQVLVFUXFLDO7KH¿QGLQJVKDYHLPSOLFDWLRQVIRUHWLRORJLFDOWKHRU\
GHYHORSPHQWDOPRGHODQGWUHDWPHQWRIWKHPHQWLRQHGGLVWXUEDQFHV
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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0LJUDLQH&KDUDFWHULVWLFVRI&RPRUELGLW\ZLWK%LSRODU
'LVRUGHU
$ELJDLO2UWL]
1DWLRQDO,QVWLWXWHRI3V\FKLDWU\0H[LFR&LW\0H[LFR
&ODLUH2'RQRYDQ7KRPDV+DMHN&ODLUH6ODQH\0DUWLQ$OGD
2EMHFWLYHV6SHFL¿FJHQHUDOPHGLFDOFRQGLWLRQVKDYHEHHQIRXQGWRRFFXU
GLVSURSRUWLRQDWHO\ ZLWKLQ ELSRODU GLVRUGHU %' SDWLHQW SRSXODWLRQV &R
PRUELGLW\ZLWKPHGLFDO FRQGLWLRQV LV UHOHYDQW IRU FOLQLFDOPDQDJHPHQW RI
%' DQG LW KDV WKHRUHWLFDO LPSOLFDWLRQV IRU XQGHUVWDQGLQJ WKHPHFKDQLVPV
RIWKHLOOQHVV
(SLGHPLRORJLF VWXGLHV VKRZ PLJUDLQH DV D KLJKO\ SUHYDOHQW GLVRUGHU DI
IHFWLQJRI$PHULFDQZRPHQDQGRIPHQ$QDVVRFLDWLRQEHWZHHQ
PLJUDLQHDQGDIIHFWLYHGLVRUGHUVKDVEHHQZLGHO\UHSRUWHGVKRZLQJWKDWWKH
SUHYDOHQFHRIPLJUDLQHZDVKLJKHVWDPRQJSDWLHQWVZLWKELSRODU,,GLVRUGHU
VLJQL¿FDQWO\GLIIHUHQWIURPWKHSUHYDOHQFHDPRQJELSRODU,SDWLHQWV
DQGIURPXQLSRODUGLVRUGHU7KHREMHFWLYHVRIWKLVSUHOLPLQDU\
VWXG\LVWRLQYHVWLJDWHWKHSUHYDOHQFHRIPLJUDLQHDPRQJSDWLHQWVHQUROOHGLQ
7KH0DULWLPH%LSRODU5HJLVWU\1 7KHVHLQFOXGHVXEMHFWVZLWK
ELSRODU,DQGZLWKELSRODU,,GLVRUGHUV
0HWKRGV:H LQYHVWLJDWHG WKHGHPRJUDSKLFDQGFOLQLFDOFKDUDFWHULVWLFVRI
ELSRODU RXWSDWLHQWV HQUROOHG LQ 7KH 0DULWLPH %LSRODU 5HJLVWU\ 1 
7KHVHLQFOXGHVXEMHFWVZLWKELSRODU,DQGZLWKELSRODU,,GLVRUGHUV
$OOSDWLHQWVKDGGHWDLOHGDVVHVVPHQWVE\DUHVHDUFKQXUVHDQGRUSV\FKLDWULVW
7KHGLDJQRVLVRIPLJUDLQHIROORZVWKHJXLGHOLQHVRIWKH,QWHUQDWLRQDO+HDG
DFKH6RFLHW\DQGLVFRUURERUDWHGE\DVWDQGDUGTXHVWLRQQDLUH
5HVXOWV:HVKRZWKHSUHOLPLQDU\UHVXOWVIURPVXEMHFWV%'Q %'
Q  VFKL]RDIIHFWLYHGLVRUGHU Q 126Q  RWKHU Q ZKR UHVSRQGHG
WR WKH ,'PLJUDLQHTXHVWLRQQDLUH7KH VDPSOHZDVGLYLGHG LQ WZRJURXSV
DFFRUGLQJWRWKHSUHVHQFHRIPLJUDLQH7KHVHWZRJURXSVZHUHVLPLODUZLWK
UHVSHFWWRVH[Ȥ EXWGLIIHULQWKHUDWHVRIGLDJQRVLVVXEMHFWVZLWK
%'ZHUHIRXQGWRKDYHKLJKHUUDWHVRIPLJUDLQHYHUVXV
Ȥ GI S ZKHQFRPSDUHGZLWKVXEMHFWVZLWK%'7KHUH
ZHUHQRVWDWLVWLFDOO\VLJQL¿FDQWGLIIHUHQFHVEHWZHHQWKHUHVWRIWKHYDULDEOHV
UDSLGF\FOLQJFRXUVHRILOOQHVVSV\FKRVLVZLWKHSLVRGHVKLVWRU\RIVXLFLGDO
EHKDYLRUGLDEHWHVKLJKEORRGSUHVVXUHDQG WK\URLGGLVHDVHEHWZHHQVXE
MHFWVZLWKDQGZLWKRXWPLJUDLQH
&RQFOXVLRQV:KLOH WKHVPDOO VDPSOHSRSXODWLRQ LVRQHRI WKH OLPLWDWLRQV
RI WKH VWXG\ WKLV SUHOLPLQDU\ VWXG\ FRQ¿UPV WKH HOHYDWHG SUHYDOHQFH RI
PLJUDLQH LQ VXEMHFWV ZLWK %'  GLVRUGHU DV VKRZQ LQ SUHYLRXV VWXGLHV
$OWKRXJK WKH PHFKDQLVPV RI FRPRUELGLW\ EHWZHHQ PLJUDLQH DQG ELSRODU
GLVRUGHUUHPDLQHOXVLYHWKHVWXG\RIWKLVSKHQRPHQRQZLOOSURYLGHYDOXDEOH
LQIRUPDWLRQIRUWKHXQGHUVWDQGLQJRIWKHFRPSOH[EHKDYLRXURIWKHGLVHDVH
5HIHUHQFHV
.LOERXUQH$0&RUQHOLXV-5+DQ;3LQFXV+$6KDG06DOORXP,&R
QLJOLDUR-+DDV*/%XUGHQRIJHQHUDOPHGLFDOFRQGLWLRQVDPRQJLQGLYLGX
DOVZLWKELSRODUGLVRUGHU%LSRODU'LVRUG
2RGHJDUG.)DVPHU2,VPLJUDLQHLQXQLSRODUGHSUHVVHGSDWLHQWVDELSRODU
VSHFWUXPWUDLW"-RXUQDORI$IIHFWLYH'LVRUGHUVLQSUHVV
3RVW506LOEHUVWHLQ6'6KDUHGPHFKDQLVPVLQDIIHFWLYHLOOQHVVHSLOHSV\
DQGPLJUDLQH1HXURORJ\VXSSO6
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'H[DPHWKDVRQH&5+DQG*5)7HVWVLQ3V\FKRWLF'HSUHVVLRQ
$NLKLNR2VKLPD
*XQPD8QLYHUVLW\*UDGXDWH6FKRRORI0HGLFLQH-DSDQ
7RVKLPL2ZDVKL7HPSHL2WVXER.XQLWRVKL.DPLMLPD
7HUXKLNR+LJXFKL0DVDKLNR0LNXQL
2EMHFWLYHV 3V\FKRWLF GHSUHVVLRQ SUHVHQWV JUHDWHU UHVLVWDQFH WR WUHDWPHQW
DQGPRUHGHELOLWDWLQJFOLQLFDOFRXUVHWKDQQRQSV\FKRWLFVXEW\SH,QVHDUFKRI
FOLQLFDOLQGLFDWRUVIRUDEHWWHUWUHDWPHQWRIWKLVFRQGLWLRQZHSHUIRUPHGWZR
QHXURHQGRFULQHFKDOOHQJHWHVWVRQSDWLHQWVZLWKSV\FKRWLFDQGQRQSV\FKRWLF
GHSUHVVLRQDQGFRPSDUHGWKHUHVXOWVEHWZHHQERWKJURXSV
0HWKRGV7KH SDUWLFLSDQWVZHUH  LQSDWLHQWVZLWKPDMRU GHSUHVVLYH HSL
VRGH PDOH IHPDOHDJH\HDUV LQ WKH'HSWRI3V\FKLDWU\
6KRZD 8QLYHUVLW\ 6FKRRO RI 0HGLFLQH ZKR ZHUH GLDJQRVHG DV KDYLQJ
PDMRUGHSUHVVLYHGLVRUGHURUG\VWK\PLFGLVRUGHUDFFRUGLQJWR'60,97KH
FRPELQHG GH[DPHWKDVRQH&5+ WHVW '&7 DQG*5) WHVWZHUH SHUIRUPHG
WZLFHRQHDFKSDWLHQWLHRQDGPLVVLRQDQGEHIRUHGLVFKDUJH,Q'&7PJ
GH[DPHWKDVRQHZDVDGPLQLVWHUHGRUDOO\DWDQGWKHQJ&5+ZDV
LQMHFWHG LQWUDYHQRXVO\DW WKHIROORZLQJGD\3ODVPD$&7+DQGFRU
WLVROFRQFHQWUDWLRQVZHUHPHDVXUHGDWPLQSRVWLQMHFWLRQ
,Q*5)WHVWJ*5)ZDVLQMHFWHGLQWUDYHQRXVO\HDUO\LQWKHPRUQLQJ
DQGSODVPD*+FRQFHQWUDWLRQZDVPHDVXUHGDWPLQ1RQ
SDUDPHWULFDQDO\VHVZHUHXVHGWRFRPSDUHHQGRFULQHUHVSRQVHVEHWZHHQWKH
SV\FKRWLF DQG WKH QRQSV\FKRWLF JURXSV 7KLV VWXG\ ZDV DSSURYHG E\ WKH
,QVWLWXWLRQDO 5HYLHZ %RDUG RI 6KRZD 8QLYHUVLW\ DQG DOO WKH SDUWLFLSDQWV
VXEPLWWHGZULWWHQLQIRUPHGFRQVHQW
5HVXOWV,QWKHZKROHSDWLHQWVQ DUHDXQGHUFXUYH$8&DQGPD[LPDO
YDOXH0$;IRU$&7+UHVSRQVH0$;IRUFRUWLVROUHVSRQVHDQGFRUWLVRO
QRQVXSSUHVVLRQ UDWH ZHUH VLJQL¿FDQWO\ GHFUHDVHG EHIRUH GLVFKDUJH 7KHUH
ZDV QR VLJQL¿FDQW FKDQJH LQ *+ UHVSRQVH 7KH SV\FKRWLF GHSUHVVLYHV
Q H[KLELWHGDKLJKHUDJHRQDGPLVVLRQDQGWRWDO+$0'VFRUHWKDQWKH
QRQSV\FKRWLFVQ 7KHUHZHUHDQGVXLFLGHDWWHPSWHUVLQWKHSV\FKRW
LFDQGQRQSV\FKRWLFJURXSVUHVSHFWLYHO\$&7+DQGFRUWLVROUHVSRQVHVZHUH
LGHQWLFDOLQERWKJURXSVRQDGPLVVLRQEXW$&7+$8&DQGFRUWLVRO0$;
ZHUHVLJQL¿FDQWO\KLJKHU LQ WKHSV\FKRWLF WKDQ LQ WKHQRQSV\FKRWLFJURXS
7KHUHZDVQRVLJQL¿FDQWGLIIHUHQFH LQ*+UHVSRQVHEHWZHHQERWKJURXSV
HLWKHURQDGPLVVLRQRUEHIRUHGLVFKDUJH
&RQFOXVLRQV ,Q WRWDO ORQJLWXGLQDO FKDQJHV LQ '&7 UHVXOWV ZHUH FORVHO\
DVVRFLDWHGZLWKWKHLPSURYHPHQWRIGHSUHVVLYHV\PSWRPDWRORJ\LQGLFDWLQJ
WKDW'&7VWDWXVPD\EHDXVHIXOVXUURJDWHPDUNHU5HJDUGLQJSV\FKRWLFGH
SUHVVLRQWKHHOHYDWHG$&7+DQGFRUWLVROUHVSRQVHVLQ'&7EHIRUHGLVFKDUJH
FRPSDUHGWRQRQSV\FKRWLFVXEW\SHPD\UHÀHFWLWVSDWKRSK\VLRORJ\DOWKRXJK
WKHQXPEHURIWKHSDWLHQWVLVVWLOOVPDOOLQWKLVVWXG\:HSODQWRUHFUXLWPRUH
VXEMHFWVZLWKSV\FKRWLFGHSUHVVLRQWRIXUWKHULQYHVWLJDWHLQWRLWVQHXURHQGR
FULQRORJLFDODVSHFWVDVZHOODVLWVFRQWURYHUVLDOUHODWLRQVKLSWRDKLJKWHQHG
VXLFLGDOLW\FRPSDUHGWRQRQSV\FKRWLFVXEJURXS
32
&R0RUELGLW\RI$Q[LHW\'LVRUGHUVDQG$UWHULDO+\SHUWHQVLRQ
9DOHU\6RORMHQNLQ
.\UJ\]6WDWH0HGLFDO$FDGHP\.\UJ\]VWDQ
$UWHP9LFKNDSRY
2EMHFWLYHV7R LQYHVWLJDWHYDULDQWVRIFRPRUELGLW\PRVWRIWHQPHW LQ WKH
SUHVHQFHRIDUWHULDOK\SHUWHQVLRQ$+±DQ[LHW\GLVRUGHUV>@DVEDVLV WR
GLIIHUHQWLDOWKHUDS\
0HWKRGV ,Q WKH LQYHVWLJDWLRQ ZHUH LQFOXGHG  PHQ DQG ZRPHQ IURP
WR\HDUVROGZKLFKZHUHREMHFWVRIPXOWLGLVFLSOLQDU\WHDP¶VZRUNDW
WKH GHSDUWPHQW RI DUWHULDO K\SHUWHQVLRQ RI FDUGLRORJLFDO KRVSLWDO &OLQLFDO
PHWKRGWKHVHWRIFOLQLFDOTXDQWL¿FDWLRQDOVFDOHVDQGFDUGLRORJLFDOPHWKRGV
RIYHUL¿FDWLRQ
5HVXOWV 'LIIHUHQW PHQWDO GLVRUGHUV LQ YDULRXV VXEW\SHV RI FRPRUELGLW\
SDWKRJHQHWLFGLDJQRVWLFDQGSURJQRVWLFFRPELQHGZLWK$+>@7KH\ZHUH
PLOG YDVFXODU GHPHQWLDPLOG FRJQLWLYH GLVRUGHU RUJDQLF HPRWLRQDO ODELOH
GLVRUGHURUJDQLFDIIHFWLYHDQGDQ[LHW\2$'GLVRUGHUVDJRUDSKRELDJHQ
HUDOL]HGDQ[LHW\GLVRUGHU*$'SDQLFGLVRUGHU3'PL[HGDQ[LHW\DQGGH
SUHVVLYHGLVRUGHUG\VWK\PLDVRPDWRIRUPYHJHWDWLYHG\VIXQFWLRQDQGPL[HG
SHUVRQDOLW\ GLVRUGHU$PRQJ WKHPJUHDWO\ H[FHOOHG LQ SUHYDOHQFH 
WKHJURXSRIDQ[LHW\GLVRUGHUV±3'*$'2$'7KHWKUHHJURXSVRIFR
PRUELGLW\DUWHULDOK\SHUWHQVLRQDQGDQ[LHW\GLVRUGHUZHUHGLVWLQJXLVKHG
$Q[LHW\GLVRUGHUDQGDUWHULDOK\SHUWHQVLRQDVVRPDWLFYHJHWDWLYHFRPSR
QHQWRIWKLVGLVRUGHU8VXDOO\WKHUHDUHVXGGHQFKDQJHVRIDUWHULDOSUHVVXUH
QRWKLJKHUPPRIPHUFXU\FROXPQLQVLWXDWLRQRIVWUHVVDJDLQVWWKH
EDFNJURXQGRI*$'RUSDQLFDWWDFN$UWHULDOSUHVVXUHLVEHLQJVWRSSHGDIWHU
GHFUHDVLQJRIDQ[LHW\OHYHO
&RPRUELGDQ[LHW\GLVRUGHUDQGHVVHQWLDO$+,QKLVWRU\WKHEHJLQQLQJRI
DQ[LHW\GLVRUGHUGLGQRWFRQQHFWHGZLWKGHYHORSLQJRI$+SDQLFDWWDFNRU
LQFUHDVLQJRIJHQHUDOL]HGDQ[LHW\FDQSURYRNHWRK\SHUWHQVLRQVWURNHV
 (VVHQWLDO K\SHUWHQVLRQ DQG RUJDQLF DQ[LHW\ GLVRUGHU$Q[LHW\ GHYHORSV
LQ WKH WLPH RI SURORQJHG DUWHULDO K\SHUWHQVLRQ LQ FRQVHTXHQFH RI FHUHEUR
± YDVFXODU FKDQJHV &RJQLWLYH GDPDJHV DQG YLVXDOL]HG FHUHEUDO RUJDQLF
GDPDJHVDUHUHYHDOHG
&RQFOXVLRQV'HVFULSWLRQRIIHDWXUHVRIFOLQLFDOSLFWXUHRIHYHU\YDULDQWOHW
WRXVHGDWDRIWKLVLQYHVWLJDWLRQIRUIXUWKHUWKHUDSHXWLFLQWHUYHQWLRQ
5HIHUHQFHV
.DWRQ:3DQLFGLVRUGHUHSLGHPLRORJ\GLDJQRVLVDQGWUHDWPHQWLQ
SULPDU\FDUH-RXUQDORI&OLQLFDO3V\FKLDWU\3
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
.DSODQ 0+ )HLQVWHLQ $5  7KH LPSRUWDQFH RI FODVVLI\LQJ LQLWLDO
FRPRUELGLW\LQHYDOXDWLQJWKHRXWFRPHRIGLDEHWHPHOOLWXV-&KURQLF'LV

32
&OLQLFDODQG(OHFWURHQFHSKDORJUDSKLF'LIIHUHQFHV4((*
EHWZHHQ/HIWDQG5LJKW+DQGHG6FKL]RSKUHQLF3DWLHQWV
0DULD13DSDOLDJD
'HSWRI3V\FKLDWU\6FKRRORI0HGLFLQH8QLYHUVLW\RI7KHVVDOLD
*UHHFH
$$+DW]LHIWKLPLRX2'0RX]DV0$.DUDW]LRX
19$QJHORSRXORV
2EMHFWLYHV 7R H[DPLQH FOLQLFDO DQG HOHFWURHQFHSKDORJUDSKLF GLIIHUHQFHV
EHWZHHQOHIWDQGULJKWKDQGHGVFKL]RSKUHQLFSDWLHQWV
0HWKRGV'LJLWDO HOHFWURHQFHSKDORJUDP ((*ZDV UHFRUGHG DQG VXEPLW
WHG WRTXDQWLWDWLYHWRSRJUDSKLF VSHFWUXPDQDO\VLV 4((* DQG WKH*UHHN
YHUVLRQRIWKH3RVLWLYHDQG1HJDWLYH6\QGURP6FDOH3$166ZDVXVHGWR
DVVHVV WKH SDWLHQWV FOLQLFDO VWDWH )LYH OHIWKDQGHG VFKL]RSKUHQLF SDWLHQWV
PHDQ DJH VG UDQJH  WR  \HDUV ZHUH FRPSDUHG WR ¿YH
ULJKWKDQGHGDJHDQGVH[DEVROXWHO\PDWFKHGSDWLHQWVPHDQDJHVG
 UDQJH  WR  \HDUV )LYH KHDOWK\ ULJKWKDQGHG LQGLYLGXDOV PHDQ
DJH VG UDQJH  WR  \HDUVZHUH FRPSDUHG WR WKH JURXS RI
ULJKWKDQGHGSDWLHQWV
5HVXOWV 1R 4((* GLIIHUHQFHV ZHUH REVHUYHG EHWZHHQ ULJKWKDQGHG SD
WLHQWVDQGWKHKHDOWK\FRQWUROJURXS&RPSDUHGWRWKHULJKWKDQGHGSDWLHQWV
WKHOHIWKDQGHGVFKL]RSKUHQLFJURXSGHPRQVWUDWHGDVWDWLVWLFDOO\VLJQL¿FDQW
LQFUHDVHLQįDFWLYLW\LQWKHULJKWSDULHWDOSDQGWHPSRUDOS
DUHDVDQGLQșDFWLYLW\LQWKHOHIWIURQWDOSIURQWRWHPSRUDOS
FHQWUDOSDUHDVDQGWKHULJKWIURQWDOSDUHDV$VPHDVXUHGE\
WKH3$166 OHIWKDQGHGSDWLHQWV KDG VWDWLVWLFDOO\ VLJQL¿FDQW KLJKHU VFRUHV
LQJUDQGLRVLW\SKRVWLOLW\SSRRULPSXOVHFRQWUROS
DVZHOODVDQJHUS ORZWROHUDQFHWRIUXVWUDWLRQS WKHWRWDO
VFRUH RI WKH VXSSOHPHQWDU\ GDQJHU SUR¿OH DVVHVVLQJ VXEVFDOH S
ZKLOHULJKWKDQGHGSDWLHQWVKDGPRUHWHQVLRQ/HIWKDQGHGSDWLHQWV
KDGDVWDWLVWLFDOO\VLJQL¿FDQWSORQJHUGXUDWLRQRILOOQHVVPHDQ
\HDUVVGFRPSDUHGWRWKHLUDJHDQGVH[PDWFKHGULJKWKDQGHGFRQWUROV
PHDQVG\HDUV
&RQFOXVLRQV/HIWKDQGHGQHVV LQ VFKL]RSKUHQLDPLJKWEHDVVRFLDWHGZLWK
LGLVWXUEDQFHVLQEUDLQDFWLYLW\LQWKHULJKWWHPSRUDODUHDUDGLDWLQJWRWKH
ULJKW SDULHWDO DUHDVZKLOH WKH OHIW IURQWDO IURQWRWHPSRUDO FHQWUDO DQG WKH
ULJKWIURQWDODUHDVPLJKWEHLQYROYHGWRRLLIDFWRUVLQFUHDVLQJWKHSDWLHQWV¶
GDQJHUSUR¿OHLLLRQVHWRIGLVHDVHDWD\RXQJHUDJH
32
&RPRUELGLW\EHWZHHQ0LOG0HQWDO5HWDUGDWLRQDQG'XDO
3DWKRORJ\
/ROD3pUH]/i]DUR
+RVSLWDO8QLYHUVLWDULR9LUJHQGHO5RFtR6HYLOOD6SDLQ
$QD0+XQW2RUWL]3LODU%XUJRV&DQWRV
&ODXGLD6DQFKH]2VRULR%HDWUL]$FHYHGR*DUFtD

2EMHFWLYHV:HFKHFNDFDVHRID\RXQJSDWLHQWERUGHUOLQHLQWHOOHFWXDOO\WR
HYDOXDWH WKHGLI¿FXOWLHVDQGWRVWXG\WKH WUHDWPHQWDGDSWHGDVIRU WKHVXE
VWDQFHVDEXVHDQGWKHV\PSWRPVLQWKHVSHFWUXPRIWKHVFKL]RSKUHQLD
0HWKRGV 6WXG\ RI WKH ELRJUDSKLFDO GDWHV QHXURGHYHORSPHQW GLVRUGHUV
IDFWRUV RI YXOQHUDELOLW\ DQG FOLQLFDO FRXUVH RI WKH GLVRUGHU 6HDUFK DQG
ELEOLRJUDSKLFDO UHYLHZ WR LGHQWLI\ UHOHYDQW DUWLFOHV DERXW WKH WRSLFV GXDO
SDWKRORJ\DQGPLOGPHQWDOUHWDUGDWLRQVSHFWUXPRIWKHVFKL]RSKUHQLDDQG
VXEVWDQFHVDEXVHDQGSV\FKRORJLFDODQGSKDUPDFRORJLFDO LQWHUYHQWLRQV LQ
GXDOSDWKRORJ\
5HVXOWV 7KH ERUGHUOLQH LQWHOOHFWXDO GH¿FLW ZRUVHQV IXUWKHUPRUH WKH RXW
FRPHRIGXDOSDWKRORJ\7KHEHKDYLRXUGLVWXUEDQFHVOLNHDJJUHVVLYHQHVVDUH
SUHVHQW RIWHQZRUVLQJ WKH VRFLDOZLWKGUDZDO FRQFXUUHQW WR WKH VXEVWDQFHV
DEXVH7KHIDPLO\SV\FKRHGXFDWLRQLVYHU\LPSRUWDQWDVZHOODVLQYROYLQJ
KHDOWKFDUHV\VWHPVDQGVRFLDOLQWHUYHQWLRQVSURJUDPV
&RQFOXVLRQV,QDSDWKRORJ\DVFRPSOH[DVDPLOGPHQWDOUHWDUGDWLRQZLWK
FRQFXUUHQWGXDOSDWKRORJ\VXEVWDQFHVDEXVHDQGV\PSWRPVRIWKHVFKL]R
SKUHQLFVSHFWUXPLVLPSRUWDQWWRFRRUGLQDWHVSHFLDOLVHGLQWHQVLYHSURJUDPV
WKDWLQWHJUDWHFOLQLFDODQGFRPPXQLW\WUHDWPHQWIDPLO\HGXFDWLRQDQGVXS
SRUWSULPDU\FDUHLQWHUYHQWLRQVDQGSVLFRWURSLFGUXJV
32
1HXURELRORJLFDO&RUUHODWHVRI6RFLDO,QWHOOLJHQFH
0RQLND6RPPHU
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\RI5HJHQVEXUJ*HUPDQ\
.DWULQ'|KQHO.DWKDULQD(WWHQKXEHU6WHIDQ6FKHOV*|UDQ+DMDN
-UJHQ0OOHU
2EMHFWLYHV,QWHUDFWLQJZLWKRWKHUSHRSOHHQFRPSDVVHVRXUDELOLWLHVWRLQWHU
SUHWRWKHUSHRSOH¶VEHKDYLRXULQWHUPVRIPHQWDOVWDWHVHPRWLRQVGHVLUHV
JRDOVDQGEHOLHIV WRHPSDWKL]HZLWKRWKHUV¶VWDWHVRIPLQGDQGWRSUHGLFW
KRZRWKHUVZLOOIHHOWKLQNDQGEHKDYHLQDJLYHQVLWXDWLRQ7KHUHIRUHVXF
FHVVIXOVRFLDOLQWHUDFWLRQGHQRWHVWKHGHFRGLQJRIDIIHFWLYHLQIRUPDWLRQIURP
WKHIDFLDOH[SUHVVLRQRIRXUFRXQWHUSDUWDQGWKHHYDOXDWLRQRIWKHDIIHFWLYH
FRQWHQWRIWKHSUHVHQWVLWXDWLRQ6HYHUDOIXQFWLRQDOLPDJLQJVWXGLHVLQGLFDWH
WKDWWKHDELOLW\RIPHQWDOL]LQJLVPHGLDWHGE\PHGLDOSUHIURQWDODUHDVHVSH
FLDOO\WKHDQWHULRUSDUDFLQJXODWHFRUWH[7KHDLPRIWKHSUHVHQWI05,VWXG\
ZDV WR LQYHVWLJDWHKRZ WKHEUDLQ LQWHJUDWHV VRFLDO DQGDIIHFWLYH VWLPXOL WR
HYDOXDWHDFRPSOH[VRFLDOVLWXDWLRQ
0HWKRGV6L[WHHQKHDOWK\FRQWUROVSDUWLFLSDWHG$IIHFWLYHIDFHVDQGDIIHF
WLYHVLWXDWLRQVZHUHSUHVHQWHGVLPXOWDQHRXVO\DQGWKHVXEMHFWVZHUHDVNHG
WR LQGLFDWHE\EXWWRQSUHVVZKHWKHU WKHH[SUHVVLRQRI WKH IDFHPDWFKHVRU
PLVPDWFKHVWKHHPRWLRQDOFRQWHQWRIWKHVLWXDWLRQ
5HVXOWV &RQVLGHULQJ WDVN SHUIRUPDQFH VXEMHFWV VKRZ VLJQL¿FDQW KLJKHU
HUURUUDWHVLQWKHPLVPDWFKFRQGLWLRQ)XQFWLRQDO05,GDWDUHYHDOWKDWWKH
PDWFKDQGWKHPLVPDWFKFRQGLWLRQLQGXFHPRUHDFWLYDWLRQLQPHGLDOSUHIURQ
WDO FRUWH[ DQG DQWHULRU FLQJXODWH FRUWH[$GGLWLRQDOO\ WKHPDWFK FRQGLWLRQ
OHDGVWRPRUHDFWLYDWLRQRIWKHULJKWVXSHULRUWHPSRUDOFRUWH[
&RQFOXVLRQV 7KH UHVXOWV LQGLFDWH WKDW WKHPHGLDO SUHIURQWDO FRUWH[ SOD\V
DNH\ UROH IRU WKH LQWHJUDWLRQRI VRFLDO DQGDIIHFWLYH VWLPXOL:KHUHDV WKH
SUHIURQWDO FRUWH[DQG WKHDQWHULRUFLQJXODWHFRUWH[PHGLDWH WKH LQWHJUDWLRQ
RIVRFLDODQGDIIHFWLYHVWLPXOLLQGHSHQGHQWRIWKHLUFRKHUHQFHWKHVXSHULRU
WHPSRUDOFRUWH[LVLPSRUWDQWIRUWKHHYDOXDWLRQRIFRKHUHQWLQIRUPDWLRQ
32
+LWOHU¶V3V\FKLDWULVWV+HDOHUVDQG5HVHDUFKHUV7XUQHG
([HFXWLRQHUVDQGLWV5HOHYDQFH7RGD\
5DHO'6WURXV
%HHU<DDNRY0HQWDO+HDOWK&HQWHU6DFNOHU)DFXOW\RI0HGLFLQH
7HO$YLY8QLYHUVLW\,VUDHO
2EMHFWLYHV$W WKHKHDUWRI+LWOHU¶VPXUGHURXVPDFKLQH LQ1D]L*HUPDQ\
OD\VHYHUDOSRZHUIXODQGLQÀXHQWLDOGRFWRUVSURYLGLQJWKHHQHUJ\VFLHQWL¿F
H[SHUWLVHDQGOHJLWLPDF\IRUWKHSURFHVVOHDGLQJXSWRWKH+RORFDXVW&ULPHV
FRPPLWWHGLQWKHQDPHRIPHGLFLQHLQFOXGHGLQKXPDQHUHVHDUFKSURMHFWVRQ
SULVRQHUVDQG³XQGHVLUDEOHV´WKHVWHULOL]DWLRQDQGPXUGHURILQGLYLGXDOVLQ
WKHFRQWH[WRIWKH³HXWKDQDVLDSURMHFW´DVZHOODVWKHHYHQPRUHUXWKOHVVDQG
HI¿FLHQWQHDUDQQLKLODWLRQDQGGHVWUXFWLRQRI(XURSHDQ-HZU\:KLOHPXFK
LVNQRZQUHJDUGLQJWKHUROHRISK\VLFLDQVOLWWOHKDVEHHQSXEOLVKHGUHJDUG
LQJWKHVSHFL¿FUROHRISV\FKLDWULVWVGXULQJWKLVWLPHSHULRG
0HWKRGV$QDO\VLVRIKLVWRULFDOGRFXPHQWDWLRQFRXUWUHFRUGVDQGPHGLFDO
OLWHUDWXUHVXUURXQGLQJ WKLV WLPHSHULRGZDVFDUULHGRXWZLWK WKHDVVLVWDQFH
RI YDULRXV LQWHUQDWLRQDO KLVWRULFDO DQG DFDGHPLF DUFKLYHV$OO LQIRUPDWLRQ
VSHFL¿FDOO\ UHJDUGLQJ SV\FKLDWULVWV DQG WKH SUDFWLFH RI SV\FKLDWU\ ZDV
DQDO\]HG
5HVXOWV3V\FKLDWULVWVSHUKDSVPRUHWKDQDQ\RWKHUPHGLFDOVSHFLDOW\SOD\HG
D FULWLFDO UROH LQ WKH JHQRFLGH PDQ\ RI WKHP GHPRQVWUDWLQJ D SURIRXQG
GHSWKRI LQYROYHPHQW DQG FRPPLWPHQW WR WKHVH DWURFLWLHV6HYHUDO IDFWRUV
DFFRXQWHG IRU SV\FKLDWULVWV RIWHQ IRUPLQJ WKH WHFKQLFDO DQG ³VFLHQWL¿F´
EDFNERQHRI WKLVSURFHVV YLHZLQJ LQGLYLGXDOVZLWKPHQWDO LOOQHVV DV ³OLIH
QRW ZRUWK OLYLQJ´0HGLFDO VFLHQFH GLG QRW IDLO +LWOHU RQ WKH FRQWUDU\ LW
IDFLOLWDWHG DQG GLUHFWHG PDQ\ RI WKH UHJLPH¶V LGHRORJLFDO DQG SUDFWLFDO
FKDOOHQJHV7KLV LQFOXGHGWKHSURFHVVRI³UDFLDOSXUL¿FDWLRQ´ZKLFKEHJDQ
ZLWKFRHUFLYHVWHULOL]DWLRQIROORZHGE\WKHNLOOLQJRI³PHQWDOO\LOO´FKLOGUHQ
DQGDGXOWVLQSV\FKLDWULFLQVWLWXWLRQVPXUGHURI³PHQWDOO\LOO´SULVRQHUVLQ
FRQFHQWUDWLRQ FDPSV DQG FXOPLQDWHG LQ PDVV NLOOLQJV JHQRFLGH LQ WKH
H[WHUPLQDWLRQVFDPSV
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
&RQFOXVLRQV7KH HXJHQLFVPRYHPHQW DSSHDOHG WR SV\FKLDWULVWV IRU LGHR
ORJLFDOUHDVRQVZLWKSV\FKLDWULVWVSOD\LQJDFHQWUDOUROHLQVWHULOL]DWLRQDQG
HXWKDQDVLD SURJUDPV 3V\FKLDWULVWV LQYROYHG LQFOXGHG KLJKO\ LQWHOOLJHQW
GLVWLQJXLVKHGDQGUHVSHFWHGOHDGHUVRIWKH¿HOGPDQ\ZLWKSURPLQHQWLQWHU
QDWLRQDOUHSXWDWLRQV,PSRUWDQWOHVVRQVIRUWKHIXWXUHRISV\FKLDWU\PD\EH
OHDUQHGIURPWKLVSHULRGLQFOXGLQJNH\HGXFDWLRQDOFRQVLGHUDWLRQVUHJDUGLQJ
HWKLFDOUHVHDUFKDQGFOLQLFDOSUDFWLFH
32
0XVFDULQLF$QWDJRQLVP,PSDLUV1DYLJDWLRQLQWKH$FWLYH
$OORWKHWLF3ODFH$YRLGDQFH7DVN
$OHV6WXFKOLN
,QVWLWXWHRI3K\VLRORJ\$FDGHP\RI6FLHQFHVRI&]HFK5HSXEOLF
3UDJXH&]HFK5HSXEOLF
.DUHO9DOHV
,QWURGXFWLRQ 6\VWHPLF DSSOLFDWLRQ RI PXVFDULQLF UHFHSWRU DQWDJRQLVW
VFRSRODPLQH LV FRQVLGHUHG DV DQ DQLPDO PRGHO RI DJHUHODWHG FRJQLWLYH
G\VIXQFWLRQLQURGHQWV,QWDFWIXQFWLRQRIPXVFDULQLFUHFHSWRUVLQWKHEUDLQ
ZDVRULJLQDOO\DVVXPHGWREHHVVHQWLDOIRUSODFHQDYLJDWLRQKRZHYHUUHFHQW
VWXGLHVXVLQJQRQVSDWLDOSUHWUDLQLQJGHPRQVWUDWHGWKDWDQLPDOVZLWKEORFN
DGH RIPXVFDULQLF DFHW\OFKROLQH UHFHSWRUV LQ WKH EUDLQ FDQ DOVR OHDUQ DQG
UHWULHYHVSDWLDOPHPRU\HQJUDPV
0HWKRGV,QWKHSUHVHQWVWXG\ZHDGGUHVVHGWKHTXHVWLRQZKHWKHUQDYLJD
WLRQLQWKH$FWLYH$OORWKHWLF3ODFH$YRLGDQFH$$3$WDVNZKLFKUHTXLUHV
DQLPDOV WR VHSDUDWH VSDWLDO VWLPXOL LQWR FRKHUHQW UHSUHVHQWDWLRQV DQG WR
QDYLJDWHDFFRUGLQJWRWKHUHSUHVHQWDWLRQUHOHYDQWIRUWKHWDVNLVGHSHQGHQW
RQWKHLQWDFWPXVFDULQLFUHFHSWRUVLQWKHEUDLQ:HVWXGLHGWKHHIIHFWRIWKUHH
GRVHVRIVFRSRODPLQHPJNJPJNJDQGPJNJLSLQMHFWHG
PLQSULRUWRWUDLQLQJRQWKHUHWHQWLRQRIWKH$$3$DQGUHDFTXLVLWLRQRIWKH
$$3$LQDQHZHQYLURQPHQW
5HVXOWV7KHGRVHRIPJNJZDVIRXQGWRLPSDLUERWK$$3$UHWHQWLRQ
DQGUHDFTXLVLWLRQRIWKH$$3$LQDQHZHQYLURQPHQWZKHUHDVWKHGRVHRI
PJNJRIVFRSRODPLQHRQO\LPSDLUHGWKHUHWHQWLRQRI$$3$
&RQFOXVLRQV ,W LV FRQFOXGHG WKDW XQOLNH QDYLJDWLRQ LQ FODVVLFDO PD]HV
HI¿FLHQWRULHQWDWLRQLQWKH$$3$WDVNLVFULWLFDOO\GHSHQGHQWRQPXVFDULQLF
UHFHSWRUVLQWKHEUDLQ
$FNQRZOHGJHPHQWV7KLVVWXG\ZDVVXSSRUWHGE\WKH*$&5JUDQWV1R
3DQG1RDQGE\0607&5SURMHFW0
32
3V\FKRSK\VLRORJLFDO0DUNHUVRI&KHUQRE\O3DWLHQWV$JHLQJ
/XGPLOD=KDYRURQNRYD
,QVWLWXWHRI+LJKHU1HUYRXV$FWLYLW\DQG1HXURSK\VLRORJ\5XVVLD
1LQD.KRORGRYD%RULV5\]KRY
2EMHFWLYHV,QWKHODVWIHZ\HDUVLWZDVVKRZQWKDWLRQLVLQJUDGLDWLRQLVWKH
PRVW GDQJHURXV HQYLURQPHQWDO KD]DUG IRUPDQ DQG KDGPXOWLSOH DIWHUHI
IHFWVRQKHDOWKRIWKHKXPDQSRSXODWLRQ$OWKRXJKDVWURQJERG\RIHYLGHQFH
SRLQWVWRVHQVLWLYLW\RIWKHEUDLQWRH[SRVXUHUDGLDWLRQOLWWOHHYLGHQFHDERXW
SUHPDWXUHDJHLQJRIKXPDQRUJDQLVPDQGEUDLQDIWHULUUDGLDWLRQH[LVWV7KH
DLPRIWKHSUHVHQWVWXG\ZDVWRHYDOXDWHWKHIHDWXUHVRIWKHEUDLQSDWKRORJ\
DQGEHKDYLRXUGLVRUGHUVLQ&KHUQRE\OSDWLHQWVDWWKHDVSHFWRIWKHEUDLQDJH
LQJFRQQHFWLQJZLWKH[SRVHWRUDGLDWLRQ
0HWKRGV &RPSOH[ DQDO\VLV RI ((* QHXURSV\FKRORJLFDO VWXG\ SV\FKR
ORJLFDO WHVWLQJ DQG FOLQLFDO H[DPLQDWLRQ FDUULHG RXW GXULQJ 
\HDUVLQSHUVRQVZKRWRRNSDUWDW WKHFOHDQLQJXS&KHUQRE\ODFFLGHQW
FRQVHTXHQFHV LQDJHGDW WKH WLPHRIZRUNV\HDUV LQ
FRPSDULVRQ ZLWK  KHDOWK\ SHUVRQV DJHG  \HDUV ((* DQDO\VLV
LQFOXGHGSRZHUFRKHUHQFHDQGGLSROHVRXUFHORFDOLVDWLRQPDSSLQJ'XULQJ
QHXURSV\FKRORJLFDO H[DPLQDWLRQ /XULD¶V PHWKRG ZDV XVHG 3V\FKRORJLFDO
WHVWLQJ LQFOXGHG HYDOXDWLRQ RI FRJQLWLYH IXQFWLRQV FRXQWLQJORJLFDO YLVX
RVSDWLDODQGVHQVRU\PRWRUSHUIRUPDQFHDQGSHUVRQDOLW\003,WUDLWV
5HVXOWV&OLQLFDOH[DPLQDWLRQUHYHDOHGWKDWWKHPXOWLSOHV\PSWRPVDFFRP
SDQ\LQJVRPDWLFHQGRFULQHDQGSV\FKRRUJDQLFRQHVLQSDWLHQWVRYHU
\HDUVDIWHU&KHUQRE\ODFFLGHQWVLJQL¿FDQWO\H[FHHGHGWRWKHFRQWUROJURXS
RIWKHVDPHDJH((*PDUNHUVRILRQLVLQJUDGLDWLRQDIWHUHIIHFWLQSDWLHQWV
 \HDUV ZHUH  D YROWDJH GHFUHDVH DQG ((* UK\WKPV ORZHULQJ
JOREDO GHFUHDVH RI ((* FRKHUHQFHPRUH H[SUHVVHG LQ WKH IURQWDO UHJLRQV
DQGOHIWKHPLVSKHUHWKDWZHUHVLPLODUWRFRQWUROROGSHUVRQV7KHUHVXOWVRI
WKHSV\FKRORJLFDOWHVWLQJUHYHDOHGLQ&KHUQRE\OSDWLHQWVVLJQL¿FDQWLPSDLU
PHQWRIFRJQLWLYHIXQFWLRQV7KHDYHUDJHFRHI¿FLHQWRIVKRUWWHUPPHPRU\
SURGXFWLYLW\ LQ SDWLHQWV JURXSZDV  VFRUH DQG VLJQL¿FDQWO\ GLIIHUHQW
S IURP WKH FRUUHVSRQGLQJ HVWLPDWH LQ WKH FRQWURO JURXS  
&RXQWLQJORJLFDO SHUIRUPDQFHZDV HVWLPDWHG DV  DQG 
VFRUHLQSDWLHQWVDQGKHDOWK\SHUVRQVUHVSHFWLYHO\SDQGZDVVLPLODU
WRGLVRUGHUVRIWKHQRUPDOROGDJHJURXS7KHUHVXOWVRI003,SHUVRQDOLW\
WHVWLQJLQGLFDWHWKHSUHYDOHQFHRIK\SRFKRQGULDFDQGVFKL]RSKUHQLIRUPSV\
FKRRUJDQLFGLVRUGHUVLQFOXGLQJ³ORRVHQLQJ´RIWKHSHUVRQDOLW\FRUHZKLFK
LVFKDUDFWHULVWLFRIQRUPDOROGDJHJURXS
&RQFOXVLRQV 7KXV WKH UHVXOWV RI WKH SUHVHQW VWXG\ SURYLGH WKH LQWHJUDO
HVWLPDWLRQ WKH EUDLQ IXQFWLRQDO VWDWH FRJQLWLYH DFWLYLW\ DQG FOLQLFDO VWDWH
RIKHDOWK&KHUQRE\ODFFLGHQWYLFWLPV7KHVH UHVXOWVHQDEOH WRSXW IRUZDUG
WKHK\SRWKHVLVRISUHPDWXUHDJHLQJRIWKHKXPDQEUDLQDQGWKHRUJDQLVPDV
ZKROHDIWHUWKHH[SRVXUHWRUDGLDWLRQ
5HIHUHQFHV
=KDYRURQNRYD/$HWDO ((*SRZHUPDSSLQJGLSROHVRXUFHDQG
FRKHUHQFHDQDO\VLVLQ&KHUQRE\OSDWLHQWV%UDLQ7RSRJUDSK\
32
7KHUDSHXWLF,QWHUYHQWLRQDWWKH3UHVHQFHRI6RPDWRIRUP
'LVRUGHUV
9DOHU\6ROR]KHQNLQ
.\UJ\]6WDWH0HGLFDO$FDGHP\.\UJ\]VWDQ
$.LP71HOXERYD
2EMHFWLYHV7R VWXG\ SV\FKRORJLFDOPHFKDQLVPV RI DIIHFWLYH VRPDWRIRUP
GLVRUGHUVWRGLIIHUHQWLDWHWKHUDSHXWLFLQWHUYHQWLRQ
0HWKRGVWRVHWWOHWKHSXWSUREOHPZHLQYHVWLJDWHGSDWLHQWVZLWKVXFK
GLVRUGHUV DV ) ) ) ) ) ) ) )
 LQ DJH  \HDUV ROG ZLWK VLJQV RI VRPDWL]HG DIIHFWLYH GDPDJHV
,QYHVWLJDWLRQZDVFRQGXFWHGLQFRPSOLDQFHZLWKPDLGGLDJQRVWLFFULWHULDRI
,&'DQGDOVRLQDFFRUGDQFHZLWKFULWHULDRI'*ROGEHUJ>@ZKLFKOHW
WRPRUH H[DFWO\ GHWHUPLQH FULWHULD RI VRPDWL]HG GLVRUGHUV'LIIHUHQWLDWLRQ
RIDQ[LHW\DQGGHSUHVVLYHVRPDWL]DWLRQVZDVFDUULHGRXWLQDFFRUGDQFHZLWK
FULWHULDRI,&'DQGZLWKSUHYDOHQFHRIDIIHFWLYHGDPDJHV0DLQPHWKRGV
RILQYHVWLJDWLRQFOLQLFDOPHWKRGFOLQLFDOTXDQWL¿FDWLRQDOVFDOHV+DPLOWRQ¶V
DQ[LHW\&XQJ¶VVWDQGDUGL]HGVFDOHIRUHYDOXDWLRQRIGHSUHVVLRQ
5HVXOWVLQWUDSV\FKLFFRQÀLFWEHWZHHQGHFODUHQRVRSKRELDDQGXQFRQVFLRXV
QRVRSKLOLDZDVSLFNHGRXW
&RQFOXVLRQVSV\FKRORJLFDOPHFKDQLVPVOHWWRFUHDWHWKHV\VWHPRIGLIIHUHQ
WLDWHGLQWHUYHQWLRQ7KHVHQVHRIJXLOWDQGWKHYDULDQWVRILWVWUDQVIRUPDWLRQ
LQWKHVLWXDWLRQRIVRFLDOUHVLVWDQFH3 SOD\VYHU\LPSRUWDQW
GLIIHUHQWLDO GLDJQRVWLF UROH LQ IRUPLQJ DQG ¿[DWLRQ RI DIIHFWLYH VRPDWL]D
WLRQ$W WKDW VSHFL¿FRI VHQVHTXLOW WUDQVIRUPDWLRQGHWHUPLQHV IHDWXUHVRI
FOLQLFDOGHPRQVWUDWLRQVRI VRPDWL]DWLRQDQGFRQWULEXWHV WRPDUFRXWJRDOV
IRUELRORJLFDOWKHUDS\
5HIHUHQFHV
*ROGEHUJ'HWDO3V\FKLDWU\LQ0HGLFLQHSUDFWLFHS
/RSH],ERU--&OLQ3V\FKLDWU\
)UDQFHV$0DQQLQJ'0DULQ'HWDOV\FKRSKDUPDFRORJ\6X
SSO
32
$Q[LHW\DQG'HSUHVVLRQ6FRUHVLQ$GGLFWVEHIRUHDQGDIWHU
'HWR[LILFDWLRQ
0RKDPPDGUH]D0RNKWDUL
3V\FKLDWULF'HSDUWPHQWRI(VIDKDQ8QLYHUVLW\RI0HGLFDO6FL
HQFHV,UDQ
0HKUGDG6DOHKL
2EMHFWLYHV7KHSUHVHQFHRIFRPRUELGSV\FKRSDWKRORJ\LQVXEVWDQFHDEXV
HUVLVRIFRQVLGHUDEOHFOLQLFDOLQWHUHVW3V\FKLDWULFLOOQHVVPD\VHUYHDVDULVN
IDFWRUIRUVXEVWDQFHDEXVHGHYHORSDVDUHVXOWRIFKURQLFVXEVWDQFHDEXVH
RU DOWHU WKH FRXUVH SURJQRVLV DQG RXWFRPH RI VXEVWDQFH DEXVH$ IDFWRU
ZKLFKOHDGVWRWUHDWPHQWIDLOXUHDQGUHXVHRIVXEVWDQFHVLVWRLJQRUHPHQWDO
GLVRUGHUVEHIRUHDQGDIWHUGHWR[L¿FDWLRQ7KHDLPRIWKLVVWXG\LVFRPSDULVRQ
EHWZHHQDQ[LHW\DQGGHSUHVVLRQVFRUHVEHIRUHDQGDIWHUGHWR[L¿FDWLRQDQG
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
ZKHWKHURUQRWVKRXOGDQ[LRO\WLFDQGDQWLGHSUHVVDQWGUXJVEHSUHVFULEHG
0HWKRGV  RSLXPDGGLFWHG FDVHV UHIHUUHG WR D GHWR[L¿FDWLRQ FHQWUH LQ
(VIDKDQZHUHVHOHFWHGE\HDV\PHWKRGRIVDPSOLQJDQGHYDOXDWHGIRUGHSUHV
VLRQZLWK³%HFN´WHVWDQGDQ[LHW\ZLWK³=XQJ´WHVWLQWKUHHWLPHVDGPLW
WDQFHWLPHWKH¿UVWYLVLWDIWHUGHWR[L¿FDWLRQDQGDPRQWKODWHU7UHDWPHQW
W\SHZDV³0HWKDGRQH$VVLVWHG'HWR[L¿FDWLRQ´3YDOXHVOHVVWKDQZHUH
FRQVLGHUHGPHDQLQJIXO
5HVXOWV7KHDYHUDJHRIDQ[LHW\VFRUHVDW WKHDGPLWWDQFH WLPHZDV
LPPHGLDWHO\ DIWHU GHWR[L¿FDWLRQ  DQG DPRQWK DIWHU GHWR[L¿FDWLRQ
7KHDYHUDJHRIGHSUHVVLRQVFRUHVLQWKRVHWLPHVZHUHDQG
UHVSHFWLYHO\
&RQFOXVLRQV7KHDQ[LHW\DQGGHSUHVVLRQDYHUDJHVFRUHVLQDGPLWWDQFHWLPH
DQGLQWKH¿UVWYLVLWDIWHUGHWR[L¿FDWLRQKDGPHDQLQJIXOGLIIHUHQFHV7KHUH
IRUHDQ[LHW\DQGGHSUHVVLRQV\PSWRPVGHFUHDVHGXULQJDGGLFWLRQWUHDWPHQW
DQGLWLVQRWQHHGHGWRXVHDQ[LRO\WLFDQGDQWLGHSUHVVDQWGUXJVURXWLQHO\RYHU
WUHDWPHQWSURFHVV
32
3RVWHU6HVVLRQ1R
32
*HQHWLF(IIHFWVRQ+3$6WUHVV5HVSRQVH
6DQDH)XNXGD
%LRSV\FKRORJ\7HFKQLFDO8QLYHUVLW\RI'UHVGHQ*HUPDQ\
1LFRODV5RKOHGHU%XUNKDUG%URFNH&OHPHQV.LUVFKEDXP
2EMHFWLYHV*HQHWLF LQÀXHQFHRQEDVDO+3$D[LVDFWLYLW\ZDVIRXQGWREH
7KH+77/35SRO\PRUSKLVPDQG'5'H[RQ,,,9175SRO\PRU
SKLVPZHUHUHSRUWHGWRUHODWHWRSV\FKLDWULFGLVHDVHVDQGSHUVRQDOLW\:HVHW
RXWLQWKLVVWXG\WRH[DPLQHWKHLPSDFWRIWKHVHJHQHWLFYDULDQWVRQWKH+3$
D[LVVWUHVVUHVSRQVH
0HWKRGV1 KHDOWK\VXEMHFWVSDUWLFLSDWHGLQWKHVWXG\:ULWWHQFRQVHQW
ZDVREWDLQHGIURPHDFKVXEMHFWEHIRUHWKH\HQWHUHGWKHVWXG\$OOVXEMHFWV
ZHUHH[SRVHGWRWKH³7ULHU6RFLDO6WUHVV7HVW´7667ZKLFKPDLQO\FRQVLVWV
RIDSXEOLFVSHDNLQJWDVNDQGDVXEVHTXHQWPHQWDODULWKPHWLFWDVNLQIURQWRI
DQDXGLHQFH$OOH[SHULPHQWVZHUHSHUIRUPHGGXULQJODWHDIWHUQRRQKRXUVWR
FRQWUROIRUSRVVLEOHFLUFDGLDQUK\WKPHIIHFWV6DOLYDU\FRUWLVROZDVPHDVXUHG
PLQXWHEHIRUHDQGDQGPLQXWHVDIWHU WKH76677KHJHQRW\SH
RI WKH +77/35 DQG'5'ZDV GHWHUPLQHG E\ SRO\PHUDVH FKDLQ UHDF
WLRQDPSOL¿FDWLRQ6XEMHFWLYHVWUHVV OHYHOVZHUHDVVHVVHGUHSHDWHGO\
ZLWKYLVXDODQDORJXHVFDOHV9$65HVXOWV7KHJHQHWLFSRO\PRUSKLVPRI
WKH+77/35KDGQRPDLQHIIHFWRQ WKHFRUWLVROVWUHVVUHVSRQVH) 
3  9$6V ZHUH QRW PRGXODWHG E\ +77/35 YDULDWLRQV ) 
3 +RZHYHUDVLJQL¿FDQWLPSDFWRIWKH'5'SRO\PRUSKLVPRQWKH
FRUWLVROVWUHVVUHVSRQVHZDVREVHUYHG) 3 :HDOVRH[DPLQHG
WKHFRPELQHGHIIHFWRIWKH+77/35DQG'5'SRO\PRUSKLVP)LJXUH
&RQFOXVLRQV &RUWLVRO UHVSRQVH DIWHU VWUHVVZDVPRGXODWHG E\ WKH'5'
FRPPRQ SRO\PRUSKLVP EXW QRW E\ WKH +77/35 SRO\PRUSKLVP 1R 
UHSHDWDOOHOHFRQQHFWHGWRDWWHQXDWLQJFRUWLVRO OHYHOVUHSHDWDOOHOH LQ WKH
'5'	QRVKRUWDOOHOH LQ WKH+77/35VKRZHGWKHELJJHVWUHVSRQVHRI
FRUWLVROWRVWUHVVDQGVXEMHFWVZLWKVKRUWDOOHOHEXWQRWZLWKUHSHDWDOOHOH
VKRZHGWKHGHOD\HGUHVSRQVHRIFRUWLVRO'XHWRWKHVPDOOVDPSOHVL]HWKHVH
SUHOLPLQDU\UHVXOWVZDUUDQWIXUWKHUH[SHULPHQWV%XW LWJLYHVSRVVLELOLW\ WR
FRQ¿UPVRPHSRO\PRUSKLVPVFRQFHUQHGZLWKVWUHVVUHVSRQVHLQ+3$D[LV
5HIHUHQFHV
%DUWHOV09DQGHQ%HUJ06OX\WHU)%RRPVPD',GH*HXV(-
+HULWDELOLW\ RI FRUWLVRO OHYHOV UHYLHZ DQG VLPXOWDQHRXV DQDO\VLV RI WZLQ
VWXGLHV3V\FKRQHXURHQGRFULQRORJ\
.XKOHQEHFN+ 7KHKXPDQGLHQFHSKDORQV$ VXPPDU\RIGHYHORS
PHQWVWUXFWXUHIXQFWLRQDQGSDWKRORJ\.DUJHU%DVHO
/HVFK.3%HQJHO'+HLOV$ 6DERO 6=*UHHQEHUJ%' 3HWUL 6 HW DO
$VVRFLDWLRQ RI DQ[LHW\UHODWHG WUDLWV ZLWK D SRO\PRUSKLVP LQ WKH
VHURWRQLQWUDQVSRUWHUJHQHUHJXODWRU\UHJLRQ6FLHQFH±
 (EVWHLQ 531RYLFN28PDQVN\5 3ULHO %2VKHU< %ODLQH' HW DO
1HPDQRY/.DW]0%HOPDNHU5+'RSDPLQ'UHFHSWRU''5
H[RQ,,,SRO\PRUSKLVPDVVRFLDWHGZLWKWKHSHUVRQDOLW\WUDLWRI1RYHOW\6HHN
LQJ1DW*HQHW
)LJXUH 7KH FRPELQHG HIIHFW RI +77/35 DQG '5' SRO\PRUSKLVP RQ VWUHVV
UHVSRQVH
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7KH FRPELQHG HIIHFW RI +77/35 DQG '5' SRO\PRUSKLVP RQ VWUHVV
UHVSRQVH
5HSHDWHG PHDVXUH DQDO\VLV VKRZHG VLJQL¿FDQWO\ GLIIHUHQFHV ) 
3 1RVKRUWDOOHOHLQWKH+77/35DQGQRUHSHDWDOOHOHLQWKH'5'
VKRZHGDWWHQXDWHGUHVSRQVH1RVKRUWDOOHOHLQWKH+77/35DQGUHSHDW
DOOHOH H[LVWHQFHV UHODWHG WR WKH GHOD\ RI WRS OHYHO LQ FRUWLVRO UHVSRQVH 
VKRZHGWKHVLJQL¿FDQFHDW3YDOXHOHVVWKDQE\WZRWDLOHGWWHVW
32
)XQFWLRQDO$QDO\VLVRI&DQGLGDWH*HQHVDQG0XWDWLRQV
,QYROYHGLQ3V\FKLDWULF'LVRUGHUV
-DQ+DDYLN
'HSDUWPHQWRI%LRPHGLFLQH8QLYHUVLW\RI%HUJHQ%HUJHQ
1RUZD\
,QJHERUJ:LQJH-HIIUH\$0F.LQQH\
2EMHFWLYHV0RGHUQWRROVRIPROHFXODUJHQHWLFUHVHDUFKKDYHUHFHQWO\OHGWR
DUDSLGLQFUHDVHLQWKHQXPEHURIDYDLODEOHFDQGLGDWHJHQHVDQGPXWDWLRQV
IRUSV\FKLDWULFGLVRUGHUV+LJKWKURXJKSXWSURFHGXUHVQHHGWREHGHYHORSHG
IRUWKHUDSLGDQGUHOLDEOHLGHQWL¿FDWLRQRIIXQFWLRQDOFRQVHTXHQFHVRIVXFK
JHQHWLF DOWHUDWLRQV ,GHDOO\ WKHVH PHWKRGV VKRXOG EH DSSOLFDEOH WR PDQ\
GLIIHUHQW JHQHV DQG PXWDWLRQV DQG VKRXOG EH DEOH WR FOHDUO\ GLIIHUHQWLDWH
EHWZHHQQRUPDOJHQHWLFYDULDQWVDQGPXWDWLRQVZLWKDSDWKRJHQHWLFGLDJ
QRVWLFRUWKHUDSHXWLFVLJQL¿FDQFH+HUHZHGH¿QHVRPHPDLQUHTXLUHPHQWV
RIVXFKDQDSSURDFKDQGDSSO\WKLVWRVWXG\WKHIXQFWLRQDORXWFRPHRIGLIIHU
HQWPXWDWLRQVDIIHFWLQJKXPDQWU\SWRSKDQK\GUR[\ODVH73+DQG73+
WKHNH\UHJXODWRU\HQ]\PHVRIVHURWRQLQELRV\QWKHVLV7KHVHPXWDWLRQVKDYH
UHFHQWO\EHHQUHSRUWHGWREHDVVRFLDWHGZLWKXQLSRODUGHSUHVVLRQSRRUDQWL
GHSUHVVDQWUHVSRQVHDJLWDWLRQDQGDJJUHVVLRQVXLFLGDOEHKDYLRXUVPRNLQJ
RUDOFRKROGHSHQGHQFH
0HWKRGV$UDWLRQDODQDO\VLVRIPXWDWLRQHIIHFWVVWDUWVE\DQH[DPLQDWLRQRI
ELRORJLFDOFRQWH[WXDOLQIRUPDWLRQLQFOXGLQJIDPLO\KLVWRU\RIPXWDWLRQV
VHJUHJDWLRQ ZLWK GLVHDVH V\PSWRP SUR¿OH DJH RI RQVHW DQG VHYHULW\ RI
V\PSWRPV7KHVHFRQGVWHSLQYROYHVLQVLOLFRSUHGLFWLRQDQDO\VLVGH¿QLQJ
HIIHFWV RQ VHFRQGDU\ DQG WHUWLDU\ VWUXFWXUH EDVHG RQ WKH SXEOLVKHG;UD\
FU\VWDOORJUDSKLF VWUXFWXUH RI 73+  RU D PRGHOHG VWUXFWXUH RI 73+
0RUHRYHUDSUHOLPLQDU\DQDO\VLVRILQWHUJHQLFDQGLQWURQLFSRO\PRUSKLVPV
LV SHUIRUPHG VHDUFKLQJ IRU VLJQV RI DOWHUHG SURWHLQ H[SUHVVLRQ OHYHOV
)LQDOO\ WKH PXWDQW SURWHLQV DUH H[SUHVVHG LQ SURNDU\RWLF DQG HXNDU\RWLF
V\VWHPVDQGFRPSDUHGWRWKHZLOGW\SHSURWHLQVZLWKUHVSHFWWRH[SUHVVLRQ
OHYHOVVROXELOLW\DQGELRORJLFDODFWLYLWLHV
5HVXOWV7KHPROHFXODUSURSHUWLHVRIWKHPXWDQWSURWHLQVZHUHVKRZQWREH
TXLWHGLYHUVH,QJHQHUDOPRVWPXWDWLRQVVHHPHGWRDIIHFWH[SUHVVLRQOHYHOV
DQGVROXELOLW\ZKLOHWKHFDWDO\WLFDFWLYLW\ZDVVSDUHGRUHYHQLQFUHDVHGUHOD
WLYHWRWKHQRUPDOSURWHLQV
&RQFOXVLRQV3UHYLRXVH[SHULHQFHKDVVKRZQWKDWDFRPELQDWLRQRIPXOWL
SOHH[SHULPHQWDODSSURDFKHVLVQHHGHGWRREWDLQDFRPSOHWHSLFWXUHRI WKH
YDULRXVELRFKHPLFDODQGELRORJLFDOHIIHFWVRIPXWDWLRQV7KHVH¿QGLQJVKDYH
LPSRUWDQWLPSOLFDWLRQVIRURXUXQGHUVWDQGLQJRIWKHPROHFXODUPHFKDQLVPV
XQGHUO\LQJDIIHFWLYHDQGVXEVWDQFHDEXVHGLVRUGHUVDQGKRZWKHVHFRQGLWLRQV
PLJKWEHWUHDWHGLQWKHIXWXUH
5HIHUHQFHV
:DQJ/(UODQGVHQ+.QDSSVNRJ30+DDYLN-DQG6WHYHQV5&
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
7KHVWUXFWXUHRIKXPDQWU\SWRSKDQK\GUR[\ODVHDQGLWVLPSOLFDWLRQV
IRUWKHELRV\QWKHVLVRIWKHQHXURWUDQVPLWWHUVVHURWRQLQDQGPHODWRQLQ%LR
FKHPLVWU\
32
5HZDUG'HSHQGHQFHLV5HODWHGWR1RUHSLQHSKULQH7UDQVSRUWHU
7&*HQH3RO\PRUSKLVPLQD.RUHDQ3RSXODWLRQ
%\XQJ-RR+DP
+DOO\P8QLYHUVLW\.RUHD
,KQ*HXQ&KRL0LQ6RR/HH
2EMHFWLYHV ,W LVZHOO HVWDEOLVKHG WKDWDSSUR[LPDWHO\RI WKHYDULDQFH
LQSHUVRQDOLW\ WUDLWV LVJHQHWLF7KHJRDORI WKLVVWXG\ZDV WR LQYHVWLJDWHD
UHODWLRQVKLSEHWZHHQSHUVRQDOLW\WUDLWVDQGWKH7&SRO\PRUSKLVPLQWKH
QRUHSLQHSKULQHWUDQVSRUWHU1(7JHQH
0HWKRGV7KHSDUWLFLSDQWV LQFOXGHGKHDOWK\DGXOWVZLWKQRKLVWRU\RI
SV\FKLDWULF GLVRUGHUV DQG RWKHU SK\VLFDO LOOQHVV GXULQJ ODVW PRQWKV$OO
SDUWLFLSDQWV ZHUH WHVWHG 7HPSHUDPHQW DQG &KDUDFWHU ,QYHQWRU\7&, DQG
JHQRW\SHG1(7JHQHSRO\PRUSKLVP'LIIHUHQFHVRQ7&,GLPHQVLRQVDPRQJ
WKUHHJURXSVZHUHH[DPLQHGZLWKRQHZD\$129$
5HVXOWV7KHUHZDVDVLJQL¿FDQWFRUUHODWLRQEHWZHHQ1(7JHQRW\SHDQG5'
5'E\JHQRW\SH777&&&RQHZD\$129$) 3 
EXWQRWWKHRWKHU7&,GLPHQVLRQV3RVWKRFFRPSDULVRQUHYHDOHGVLJQL¿FDQW
D GLIIHUHQFH EHWZHHQ 77 DQG 7& RQHZD\ $129$ ZLWK %RQIHUURQL
3 7KHVHUHVXOWVZHUHXQFKDQJHGZKHQVH[DQGDJHZHUHHQWHUHGDV
FRYDULDWHVLQ$1&29$VIRU5') 3 2XWUHVXOWVZHUHQRW
VWDWLVWLFDOO\ VLJQL¿FDQW DIWHU FRUUHFWLRQ IRUPXOWLSOH WHVWLQJEXW WKDW LWZDV
YHU\FORVH
&RQFOXVLRQV2XUVWXG\VXJJHVWVWKDWWKH1(77&JHQHSRO\PRUSKLVP
LVDVVRFLDWHGZLWKUHZDUGGHSHQGHQFHLQ.RUHDQVEXWWKHVPDOOQXPEHURI
VXEMHFWV DQG WKHLU VH[ DQG DJH KHWHURJHQHLW\ OLPLWV JHQHUDOL]DWLRQ RI RXU
UHVXOWV)XUWKHUVWXGLHVDUHQHFHVVDU\ZLWKDODUJHUQXPEHURIKRPRJHQRXV
VXEMHFWVWRFRQ¿UPZKHWKHUWKH1(7JHQHLVUHODWHGWRSHUVRQDOLW\WUDLWV
5HIHUHQFHV
&ORQLQJHU&5$XQL¿HGELRVRFLDOWKHRU\RISHUVRQDOLW\DQGLWVUROHLQ
WKHGHYHORSPHQWRIDQ[LHW\VWDWHV3V\FKLDWU'HY
3ORPLQ52ZHQ0-0F*XI¿Q37KHJHQHWLFEDVLVRIFRPSOH[KX
PDQEHKDYLRUV6FLHQFH
7VDL 6- :DQJ <& +RQJ &-  1RUHSLQHSKULQH WUDQVSRUWHU DQG
DOSKDFDGUHQRFHSWRUDOOHOLFYDULDQWVDQGSHUVRQDOLW\ IDFWRUV$P-0HG
*HQHW
32
2SLQLRQRQ3V\FKLDWULF*HQHWLFV
0DJGDOHQD.DF]PDUNLHZLF])DVV
8QLYHUVLW\RI0HGLFDOVFLHQFHV3R]QDQ3RODQG
$OHNVDQGUD5DMHZVND5DJHU$QQD/HV]F]\QVND5RG]LHZLF]
0DJGDOHQD.RVPRZVND-RDQQD+DXVHU
2EMHFWLYHV$FFRUGLQJ WRG\QDPLFHYROXWLRQRI WKHPROHFXODUJHQHWLFV LW
LV VXSSRVHG WKDW LQ WKHDSSURDFKLQJ IXWXUH VRPHJHQHV UHODWHG WRHWLRORJ\
RIPDQ\PHQWDOGLVRUGHUVZRXOGEHNQRZQ7KHUHIRUH LWZLOO EHSRVVLEOH
WRFDUU\RXWSUHGLFWLYHJHQHWLFVWHVWV7KHSXUSRVHRIWKHXQGHUWDNHQVWXGLHV
ZDVWRDQDO\]HUHVSRQGHQWV¶RSLQLRQVRQSUREOHPVFRQQHFWHGZLWKSRVVLELO
LW\RIUHDOL]DWLRQRISUHGLFWLYHJHQHWLFWHVWLQJLQSV\FKLDWU\
0HWKRGV 3DUWLFLSDQWV LQ WKLV VWXG\ 1 ZHUH SV\FKLDWULVWV PHDQ
DJHSDWLHQWV PHDQDJHVWXGHQWV PHDQDJHDQG
 WHDFKHUV PHDQDJH7KHTXHVWLRQQDLUH ³(WKLFDOSUREOHPV UHODWHG
WRJHQHWLFH[DPLQDWLRQV´FRQFHUQHGTXHVWLRQVDERXWJHQHWLFVDQGSV\FKLDWU\
JURXSHGDQGGLYLGHG LQWR IHZSDUWV ,Q WKH¿UVW RQHZHUHTXHVWLRQV DERXW
SV\FKLDWU\JHQHWLFNQRZOHGJH,QWKHIROORZLQJSDUWVZHUHTXHVWLRQVDERXW
UHVSRQGHQWV¶ RSLQLRQV RQSUREOHPV UHODWHG WR SRVVLELOLW\ RI SUHGLFWLYH JH
QHWLFWHVWVDSSOLFDWLRQLQSV\FKLDWU\
5HVXOWV 7KH RSLQLRQV RI SDWLHQWV DQG SV\FKLDWULVWV UHIHUULQJ WR WKH SRV
VLELOLW\ RI UHDOL]DWLRQ RI REOLJDWRU\ JHQHWLF WHVWV GLIIHUHG VWDWLVWLFDOO\ LQ
DQHVVHQWLDOPDQQHU7KHSDWLHQWV WHDFKHUVDQGVWXGHQWV
LQWKHFRQWUDU\WRWKHSV\FKLDWULVWVPRUHRIWHQDJUHHGWR
UHQGHU WHVWVUHVXOWV WRPHPEHUVRIIDPLO\ IDPLO\GRFWRU7KHSV\FKLDWULVWV
 WHDFKHUV DQG VWXGHQWV ZRXOGQRWJLYHJHQHWLF
WHVWVUHVXOWVWRLQVXUDQFHFRPSDQ\DJHQWRUKHDOWKLQVXUDQFH7KHPDMRULW\
RISV\FKLDWULVWVZRXOGQRWDOORZSUHQDWDOJHQHWLFWHVWVRQWKHLUFKLO
GUHQKRZHYHUSDWLHQWVZRXOGDJUHHWRVXFKWHVWV$OOUHVSRQGHQWV
DJUHHGWRSRVVLELOLW\RISUHGLFWLYHJHQHWLFWHVWVLQDGXOWSHRSOHRQ
WKHLUZLVK
&RQFOXVLRQV ³7KHKXPDQJHQRPHSURMHFW´ UDLVHV D ORW RI FRQWURYHUV\RI
WKH HWKLFDO DQG OHJDO QDWXUH7KH SDWLHQWVZHUHPRUH DI¿UPDWLYH GLVSRVHG
WRZDUGV WKH JHQHWLF SUHGLFWLYH H[DPLQDWLRQV LQ WKH IRUP RI REOLJDWRU\
WHVWVH[DPLQDWLRQVIRUMXYHQLOHVDQGSUHQDWDOWHVWVWKDQSV\FKLDWULVWV7KH
SDWLHQWVFRQWUDU\WRWKHSV\FKLDWULVWVPRUHRIWHQDJUHHGWRUHQGHUWKHUHVXOWV
RIWKHH[DPLQDWLRQVDFFHVVLEOHWRWKHPHPEHUVRIDIDPLO\DIDPLO\GRFWRU
WKHKHDOWKLQVXUDQFHDQGWRHPSOR\HUV
5HIHUHQFHV
,OOHV )5LHW]&5XGLQJHU*0DWVFKLQJHU+ DQJHUPH\HU0&0DLHU:
5LHWVFKHO0'HU*HQ(WKLN)UDJHERJHQ(LQ ,QVWUXPHQW ]XU(UIDVVXQJGHU
(LQVWHOOXQJ ]X SV\FKLDWULVFKHQJHQHWLVFKHU 8QWHUVXFKXQJ XQG )RUVFKXQJ
%RQQ%HUOLQ3DFH,6%1
32
&DEHUJROLQHLQ+XQWLQJWRQ¶V'LVHDVH7KH)LUVW&DVH5HSRUW
$QQD.+|GO
8QLYHUVLW\&OLQLFRI3V\FKLDWU\0HGLFDO8QLYHUVLW\*UD]$XVWULD
0DJQHW0..DSIKDPPHU+3%RQHOOL50
2EMHFWLYHV7R UHSRUW WKH HIIHFWV RI FDEHUJROLQH RQ+XQWLQJWRQ¶V'LVHDVH
+'DWDQDGYDQFHGVWDJH
0HWKRGV:HUHSRUWWKHFDVHRIDZRPDQZLWK+'ZKRFDPHWRRXUGHSDUW
PHQWEHFDXVHRILQFUHDVLQJULJLGLW\DQGSUREOHPVZLWKJDLW,QFUHDVHGULJLG
LW\LVRQHRIWKHPDMRUSUREOHPVLQ+'DWDGYDQFHGVWDJHV:KHQVKHDUULYHG
D8QL¿HG+'5DWLQJ6FDOH8+'56ZDVHYDOXDWHGDQGVKRZHGPD[LPDO
SDUNLQVRQLVP$RQHZHHNWKHUDS\ZLWKPJGFDEHUJROLQHZDVXQGHUWDNHQ
DQGDQRWKHU8+'56ZDVHYDOXDWHG
5HVXOWV7KH8+'56LPSURYHGVLJQL¿FDQWO\IURPWKHPD[LPXPRIWR
SRLQWV7RRXUNQRZOHGJHWKLVKDVQHYHUEHHQUHSRUWHGEHIRUH
&RQFOXVLRQV +' LV DQ DXWRVRPDO GRPLQDQWO\ LQKHULWHG QHXURSV\FKLDWULF
GLVRUGHU,WLVFDXVHGE\DJHQHWLFGHIHFWRQWKHVKRUWDUPRIFKURPRVRPHDW
SOHDGLQJWRDQLQFUHDVHGQXPEHURI&$*&\WRVLQ$GHQLQ*XDQLQ
UHSHDWVLQWKHFRGLQJVHTXHQFH:HVXJJHVWIRFXVLQJRQWKHWKHUDS\RIODWH
+'ZLWKFDEHUJROLQHLQWKHIXWXUH
32
'\VSKDJLDLQ+XQWLQJWRQ¶V'LVHDVH7KH)LUVW&OLQLFDO6WXG\
$QQD.+|GO
8QLYHUVLW\&OLQLFRI3V\FKLDWU\0HGLFDO8QLYHUVLW\*UD]$XVWULD
0DJQHW0..DSIKDPPHU+3%RQHOOL50
2EMHFWLYHV 7R FRUUHODWH WKH JUDGH RI G\VSKDJLD LQ +XQWLQJWRQ¶V GLVHDVH
+'ZLWKWKHVWDJHRIWKHGLVHDVH
0HWKRGV  SDWLHQWV ZLWK JHQHWLFDOO\ SURYHG +' RI DOO  VWDJHV ZHUH
LQFOXGHG LQ RXU VWXG\$ [UD\ YLGHR GHJOXWLWLRQ DQDO\VLVZDV XQGHUWDNHQ
DQGWKHJUDGHRIG\VSKDJLDZDVFRUUHODWHGZLWKWKH8QLWHG+'5DWLQJ6FDOH
8+'56 LQFOXGLQJ PRWRU IXQFWLRQ QHXURSV\FKRORJLFDO IXQFWLRQ DQG
SV\FKLDWULFV\PSWRPVDVZHOODVZLWKWKHQXPEHURI&$*&\WRVLQ$GHQLQ
*XDQLQUHSHDWV
5HVXOWV'\VSKDJLDLVVDLGWRRFFXUJHQHUDOO\RQO\LQWKHODWHVWDJHVRIWKH
GLVHDVHZKLFKOHDGVWRDVSLUDWLRQZKLFKFRXOGFDXVHGHDWK:HIRXQGWKDWWKH
VWDJHRI+'PHDVXUHGZLWKWKH8+'56VWURQJO\FRUUHODWHVZLWKWKHJUDGH
RIG\VSKDJLD+RZHYHUVXUSULVLQJO\DOVRLQWKHHDUO\VWDJHVRIWKHGLVHDVH
LPSDLUHGVZDOORZLQJZDVQRWDEOHLQRXUSDWLHQWV
&RQFOXVLRQV+'LVDUDUHDXWRVRPDOGRPLQDQWO\LQKHUWHGQHXURSV\FKLDWULF
GLVRUGHU7KDWJHQHWLFDOGHIHFWFDXVHVDQLQFUHDVHGQXPEHURI&$*UHSHDWV
LQWKHFRGLQJVHTXHQFH7KLVOHDGVWRLQFUHDVHGFHUHEUDOGHJHQHUDWLRQHVSH
FLDOO\RIWKHEDVDOJDQJOLD&OLQLFDOO\WKHSDWLHQWVVKRZDWULDGRISV\FKLDWULF
FRJQLWLYHDQGPRWRUGLVWXUEDQFHV7KHVHPRWRUGLVWXUEDQFHVOHDGWRK\SHU
NLQHVLDVRPHWLPHVSDUNLQVRQLVPDQGG\VSKDJLDZKLFKLVWKHVXEMHFWLYHRI
RXUVWXG\7KHUHVXOWVRIRXUVWXG\OHDGWRWKHFRQFOXVLRQWKDWG\VSKDJLDGRHV
VLJQL¿FDQWO\GHSHQGRQWKHVWDJHRI+'
/4(%2¬¬0OSTER¬3ESSION¬.O
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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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$PDQWDGLQHLQ$NLQHWLF5LJLG+XQWLQJWRQ¶V'LVHDVH
$QQD.+|GO
8QLYHUVLW\&OLQLFRI3V\FKLDWU\0HGLFDO8QLYHUVLW\*UD]$XVWULD
0DJQHW0..DSIKDPPHU+3%RQHOOL50
2EMHFWLYHV7RUHSRUWWKHHIIHFWVRIDPDQWDGLQHRQDQDNLQHWLFULJLGYDULDQW
RI+'7KLVPD\EHRILQWHUHVWDVWKHUHLVQRHVWDEOLVKHGWUHDWPHQWDYDLODEOH
IRUWKLVLQGLFDWLRQWRGD\
0HWKRGV$\HDUROGZRPDQZLWK+'ZDVUHFHLYLQJ,9DPDQWDGLQHIRU
D SHULRG RI ¿YH GD\V8QL¿HG+'5DWLQJ 6FDOH 8+'56ZDV HYDOXDWHG
EHIRUHDQGDIWHUWUHDWPHQW
5HVXOWV3DUNLQVRQLVPEUDG\NLQHVLDDQGG\VWRQLDLPSURYHGVLJQL¿FDQWO\
&RQFOXVLRQV +XQWLQJWRQ¶V 'LVHDVH +' LV DQ DXWRVRPDO GRPLQDQWO\
LQKHULWHG QHXURSV\FKLDWULF GLVRUGHU7KH:HVWSKDO YDULDQW RI+' :+'
GLIIHUV IURP WKH FRPPRQ IRUPE\ WKH ODFNRI FKRUHD SUHVHQWLQJ DNLQHVLD
DQG ULJLGLW\ DV PDLQ V\PSWRPV 1HYHUWKHOHVV LW VKRZV WKH VDPH JHQHWLF
GHIHFWRQWKHVKRUWDUPRIFKURPRVRPHDWSOHDGLQJWRDQLQFUHDVHG
QXPEHURI&$*&\WRVLQ$GHQLQ*XDQLQUHSHDWVLQWKHFRGLQJVHTXHQFH
$PDQWDGLQH LVDQRQFRPSHWLWLYH10'$UHFHSWRUDQWDJRQLVW ,W LVPRVWO\
XVHGLQWKHWKHUDS\RI3DUNLQVRQ¶VGLVHDVHDVLWLQFUHDVHV&16FRQFHQWUDWLRQV
RIGRSDPLQH7KLVUHOLHYHVDNLQHVLD+RZHYHUWKHHIIHFWRIDPDQWDGLQHRQ
FKRUHDWLFG\VWRQLDLQ+'KDVEHHQUHSRUWHGLQVHYHUDOVWXGLHVUHVXOWLQJLQ
FRQWUDGLFWRU\¿QGLQJV,QRXUFDVHZHZHUHDEOHWRUHSRUWDPHOLRUDWLYHHI
IHFWVRIDPDQWDGLQHRQWKHULJLGIRUPRI+'IRUWKH¿UVWWLPH2XUSDWLHQW
VKRZHGLPSURYHPHQWVRIJDLWSDUNLQVRQLVPDQGG\VWRQLD)LQHPRWRUWDVNV
DQGH\HPRYHPHQWGLGQRWFKDQJHVLJQL¿FDQWO\:HVXJJHVWWKDWDPDQWDGLQH
WUHDWPHQWPD\EHRIYDOXHWRSDWLHQWVZLWKWKHDNLQHWLFULJLGYDULDQWRI+'
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3RO\VRPQRJUDSKLF6LQJOH&DVH5HVXOWVLQ&RPSDULVRQZLWK
&OLQLFDO'DWDRID0XOWL&HQWHU'RVH)LQGLQJ6WXG\RQWKH
(IILFDF\RID5RWLJRWLQH3DWFKLQ5HVWOHVV/HJV6\QGURPH
'RURWKHD1RVLVND
'HSDUWPHQWRI3V\FKLDWU\0HGLFDO8QLYHUVLW\RI9LHQQD$XVWULD
7DPDV&VDN\3DOODYLFLQL0DJGDOHQD0DQGO
*HUGD6DOHWX=\KODU]:ROIJDQJ2HUWHO(UZLQ6FKROOPD\HU
5DOI.RKQHQ%HUQG6DOHWX
2EMHFWLYHV7KHDLPRIWKHSUHVHQWVWXG\ZDVWRFRPSDUHVLQJOHFDVHUHVXOWV
REWDLQHG LQ WKH VOHHS ODEZLWK FOLQLFDO GDWD RI DPXOWLFHQWHU GRVH¿QGLQJ
VWXG\  RQ WKH HI¿FDF\ RI D URWLJRWLQH SDWFK LQ UHVWOHVV OHJV V\QGURPH
5/6
0HWKRGV,QDGRXEOHEOLQGVL[DUPSDUDOOHOJURXSUDQGRPL]HGSODFHER
FRQWUROOHG VWXG\ 5/6 SDWLHQWV ZHUH WUHDWHG ZLWK GDLO\ GRVHV RI SODFHER
RUPJ WUDQVGHUPDO URWLJRWLQHRYHUVL[ZHHNV7KH
WRWDO,5/6VFRUHRISDWLHQWVIHPDOHVPHDQDJH\HDUVZDVFRP
SDUHGZLWKVOHHSODEPHDVXUHVHJSRO\VRPQRJUDSKLFDOO\GHWHUPLQHGVOHHS
HI¿FLHQF\DQG3/0LQGH[VXEMHFWLYHVOHHSTXDOLW\>66$@DQG,5/6VFRUH
RISDWLHQWVRXWRIWKLVVWXG\2QHSDWLHQWFRPSOHWHGRQO\EDVHOLQHH[DPLQD
WLRQVRQHUHFHLYHGSODFHERWZRPJURWLJRWLQHRQHRIWKHPZLWKGUHZ
KHUFRQVHQWDIWHUZHHNWZRPJRQHPJDQGRQHPJ
5HVXOWV,QWKHWRWDOJURXSWKH,5/6VFRUHVKRZHGWKHIROORZLQJLPSURYH
PHQWIURPEDVHOLQHIRUSODFHERDQGWKHURWLJRWLQHGRVHV
    DQG $OO URWLJRWLQH GRVHV EXW PJ
GLIIHUHG VLJQL¿FDQWO\ IURP SODFHER 7KH RSWLPDO GRVH ZDV  PJ IRO
ORZHG E\  PJ ZKLFK ZDV LQ DJUHHPHQW ZLWK RXU VLQJOHFDVH UHVXOWV
VKRZLQJWKDWPJDQGPJUHGXFHGWKH,5/6E\DQG
UHVSHFWLYHO\,QWKH3/0LQGH[SODFHERLQGXFHGWKHVOLJKWHVWLPSURYHPHQW
ZKLOHWKHKLJKHVWURWLJRWLQHGRVHPJUHVXOWHGLQWKHJUHDWHVWLP
SURYHPHQWIROORZHGE\PJPJDQG
PJ2EMHFWLYHVOHHSHI¿FLHQF\LPSURYHGRQO\DIWHUPJ
ZKHUHDV WKHKLJKHUGRVHVRIPJDQGPJLQGXFHGDGRVHGHSHQGHQW
GHWHULRUDWLRQDQGUHVSHFWLYHO\DQGWKHORZHUGRVHDQGSODFHER
SURGXFHG D OHVV SURQRXQFHG GHWHULRUDWLRQ  DQG  UHVSHFWLYHO\
6XEMHFWLYH VOHHS TXDOLW\ LPSURYHG DIWHU PJ  PJ 
DQGPJZKLOHPJDQGSODFHERLQGXFHGGHWHULRUDWLRQDQG
UHVSHFWLYHO\
&RQFOXVLRQV 5/6 VHOIUDWLQJPLUURUV GUXJ HIIHFWV HYDOXDWHG LQ WKH VOHHS
ODE RQO\ SDUWO\ZLWK WKH JUHDWHVW FRUUHVSRQGHQFH VHHQ LQ WKH3/0 LQGH[
'LIIHUHQWGRVHVRIWUDQVGHUPDOURWLJRWLQHDIIHFWWKHYDULRXVPRWRUVHQVRU\
DQGVOHHSV\PSWRPVRI5/6GLIIHUHQWO\ZKLFKVKRXOGEHHYDOXDWHGE\ERWK
REMHFWLYHDQGVXEMHFWLYHPHDVXUHV
5HIHUHQFHV
6FKROOPD\HU(5/6URWLJRWLQHSDWFKUHVXOWVRIGRVH¿QGLQJVWXG\63
SKDVH ,,E3UHVHQWHGDW WKH5/6,QYHVWLJDWRU0HHWLQJ -XO\
0XQLFK
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3RO\VRPQRJUDSKLF6WXGLHVRQWKH7KHUDSHXWLF(IILFDF\RIWKH
1RYHO0DQGLEXODU$GYDQFHPHQWGHYLFH,67,QWUD2UDO
6QRULQJ7KHUDS\
$OH[DQGHU6DOHWX
'HSDUWPHQWRI'HQWDO0HGLFLQH0HGLFDO8QLYHUVLW\RI9LHQQDDQG
5XGRO¿QHUKDXV$XVWULD
)UDQ]LVND*ULWVFK*HRUJ*UXEHU3HWHU$QGHUHU%HUQG6DOHWX
2EMHFWLYHV0DQGLEXODUDGYDQFHPHQWGHYLFHV0$'DUHRILQFUHDVLQJLP
SRUWDQFHLQWKHWUHDWPHQWRIVQRULQJDQGVOHHSUHODWHGEUHDWKLQJGLVRUGHUV
7KHLUPRGHRIDFWLRQ LVEDVHGRQDQDGYDQFHPHQWRI WKHPDQGLEOHZKLFK
LQFUHDVHV XSSHU DLUZD\ GLPHQVLRQV DQG WKXV DLUZD\ SDWHQF\ DQG DLUÀRZ
GXULQJVOHHS7KHDLPRIWKHSUHVHQWVWXG\ZDVWRLQYHVWLJDWHHI¿FDF\DQG
WROHUDELOLW\RIWKHLQGLYLGXDOO\¿W0$',67ZKLFKFRQVLVWVRISDUWVWKDW
DWWDFKWRERWKGHQWDODUFKHVDQGDUHFRQQHFWHGE\DWHOHVFRSH
0HWKRGVSDWLHQWV PDOHVIHPDOHVPHDQDJH\HDUVZHUH
LQYHVWLJDWHGLQWKHVOHHSODERUDWRU\IRUQLJKWVDGDSWDWLRQEDVHOLQHWUHDW
PHQWQLJKW$FFRUGLQJ WR WKH,&'FODVVL¿FDWLRQ LQSDWLHQWVSULPDU\
VQRULQJ 5 KDG EHHQ GLDJQRVHG LQ  REVWUXFWLYH VQRULQJK\SRSQHD
*DQGLQREVWUXFWLYHVOHHSDSQHD*2EMHFWLYHDQGVXEMHFWLYH
VOHHSTXDOLW\ZDVHYDOXDWHGE\PHDQVRISRO\VRPQRJUDSK\DQGSV\FKRP
HWU\
5HVXOWV ,Q WKH WDUJHW YDULDEOH WKH VQRULQJ LQGH[ 6, FRQ¿UPDWRU\ GDWD
DQDO\VLV GHPRQVWUDWHG D VLJQL¿FDQW LPSURYHPHQW IURP K RI
VOHHS LQ WKH EDVHOLQH QLJKW WR K RI VOHHS LQ WKH WUHDWPHQW QLJKW
S'HVFULSWLYHGDWDDQDO\VLVVKRZHGDVLJQL¿FDQWLPSURYHPHQWRI
WKHDSQHDLQGH[$,IURPWRKWKHDSQHDK\SRSQHDLQGH[
$+,IURPWRKWKHR[\JHQGHVDWXUDWLRQLQGH[2',
IURPK WRKDQG WKHPLQLPDOR[\JHQVDWXUDWLRQ 0LQ
2 IURP  WR  7KH DURXVDO LQGH[ $5, DV ZHOO DV
DURXVDOV EDVHG RQ UHVSLUDWRU\ HYHQWV $55 DQG VQRULQJ HYHQWV $56
EXWDOVRWKHQXPEHURISHULRGLFOHJPRYHPHQWV3/0DQGWKHSHULRGLFOHJ
PRYHPHQWLQGH[3/0,VKRZHGDVLJQL¿FDQWUHGXFWLRQ7KHPHGLDQLP
SURYHPHQWIURPEDVHOLQHRIWKH6,$,$+,2',0LQ2$5,$55
$563/0DQG3/0,ZDVDQGUHVSHF
WLYHO\2EMHFWLYHVOHHSHI¿FLHQF\WRWDOVOHHSWLPHDQGVXEMHFWLYHVOHHSDQG
DZDNHQLQJTXDOLW\QRUPDOL]HGIURPWKHDGDSWDWLRQWRWKHEDVHOLQHQLJKWDQG
UHPDLQHGQRUPDOZLWKWKH0$'RIWKHSDWLHQWVUDWHGWKHWROHUDELOLW\RI
WKH,67DVYHU\JRRGDVJRRGDVVDWLVIDFWRU\
&RQFOXVLRQV6OHHSODERUDWRU\LQYHVWLJDWLRQVGHPRQVWUDWHGDKLJKWKHUDSHX
WLFHI¿FDF\DQGJRRGWROHUDELOLW\RIWKHQRYHO0$',67
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3UHP51$3URFHVVLQJ5HJXODWHV([SUHVVLRQRIWKH+XPDQ
&DWHFKRO20HWK\OWUDQVIHUDVH&207*HQHLQ%UDLQDQGLQ
1RQ1HXURQDO7LVVXHV
3KLOLSS6DQG
'HSWRI3V\FKLDWU\8QLYHUVLW\RI5HJHQVEXUJ*HUPDQ\
0DULRQ+lGULFK%HUWKROG/DQJJXWK*|UDQ+DMDN
3HWHU(LFKKDPPHU
2EMHFWLYHV7KHKXPDQFDWHFKRO2PHWK\OWUDQVIHUDVH&207LQDFWLYDWHV
FDWHFKRODPLQH QHXURWUDQVPLWWHUV DQG SOD\V D PDMRU UROH LQ ERWK FHQWUDO
DQGSHULSKHUDO GRSDPLQHUJLFSDWKZD\V&207 LV WKHSURGXFWRI D VLQJOH
JHQHORFDWHGRQFKURPRVRPHTDQGKDVEHHQVKRZQWRH[LVWDVWZR
GLVWLQFWSURWHLQV0%&207DQG6&207GLIIHULQJLQOHQJWKE\DPLQR
DFLGV
0HWKRGV:HKDYHVWXGLHGSUHP51$SURFHVVLQJRIWKH&207JHQHDVD
VRXUFHRISURWHLQGLYHUVLW\LQDUDQJHRIQHXURQDODQGQRQQHXURQDOWLVVXHV
8VLQJOXFLIHUDVHEDVHGDVVD\VVHYHUDOQRYHOPHFKDQLVPVFRQWUROOLQJWUDQ
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
VFULSWLRQRIWKH&207JHQHZHUHLGHQWL¿HG
5HVXOWV	&RQFOXVLRQV$QDO\VLV RI EUDLQ WUDQVFULSWV VKRZHG D FRPSOH[
PRGHRIGLIIHUHQWLDOH[SUHVVLRQDQGXWLOL]DWLRQRIPXOWLSOHDOWHUQDWLYHVSOLFH
VLWHV7KLV FDUULHV LPSOLFDWLRQV IRU D QXPEHU RI&207 VHTXHQFH YDULDQWV
ZKLFK EHIRUHZHUH IDOVHO\ DVVXPHG WREH H[SUHVVHG LQPRVW SDUWV RI WKH
EUDLQ ,Q SDUWLFXODU LW VHUYHV DV DQ LPSRUWDQW FDYHDW DJDLQVW XELTXLWRXV
IXQFWLRQDOHIIHFWVRIWKHFRPPRQ9DO0HWYDULDQW,PSOLFDWLRQVIRUIXWXUH
VWXGLHVRIWKH&207JHQHDUHGLVFXVVHG
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3UHYHQWLRQRI,QWHUIHURQ$OSKD$VVRFLDWHG'HSUHVVLRQLQ
3V\FKLDWULF5LVN3DWLHQWVZLWK&KURQLF+HSDWLWLV&
0DUWLQ6FKDHIHU
&KDULWp8QLYHUVLW\0HGLFLQH%HUOLQ'HSDUWPHQWRI3V\FKLDWU\
&DPSXV&KDULWp0LWWH*HUPDQ\
$QGUHD6*DUNLVFK0DUNXV6FKZDLJHU0DXULFH3LFK
$[HO+LQ]SHWHU5DOSK8HEHOKDFN$QGUHDV+HLQ]
)ORULDQYDQ%RHPPH7KRPDV%HUJ
2EMHFWLYHV,QWHUIHURQDOSKD,)1ĮLQGXFHGGHSUHVVLRQLVDPDMRUOLPLWD
WLRQ IRU WKH WUHDWPHQW RI FKURQLF KHSDWLWLV & HVSHFLDOO\ IRU SDWLHQWV ZLWK
SV\FKLDWULFGLVRUGHUV:HSURVSHFWLYHO\VWXGLHGWKHHI¿FDF\RIDSUHHPSWLYH
WUHDWPHQWZLWK WKHDQWLGHSUHVVDQW FLWDORSUDP WRSUHYHQWGHSUHVVLRQGXULQJ
KHSDWLWLV&WUHDWPHQWZLWKSHJ\ODWHG,)1ĮESOXVULEDYLULQ
0HWKRGV  +&9LQIHFWHG SDWLHQWV ZLWK SV\FKLDWULF GLVRUGHUV UHFHLYHG
D SURSK\ODFWLFPHGLFDWLRQZLWK FLWDORSUDP PJGD\ EHIRUH DQG GXULQJ
WKHUDS\ZLWK,)1Į7KHLQFLGHQFHRIPDMRUGHSUHVVLRQZDVFRPSDUHGZLWK
+&9LQIHFWHG SDWLHQWVZLWK SV\FKLDWULF GLVRUGHUV JURXS% Q  DQG
ZLWKRXW SV\FKLDWULF ULVN IDFWRUV JURXS & Q  ZKR XQGHUZHQW ,)1"
WUHDWPHQW ZLWKRXW D SUHHPSWLYH DQWLGHSUHVVDQW WKHUDS\ 'HSUHVVLRQ ZDV
GLDJQRVHGE\'60,9FULWHULD
5HVXOWV3UHWUHDWPHQWRISV\FKLDWULFSDWLHQWVZLWKFLWDORSUDPVLJQL¿FDQWO\
UHGXFHG WKH LQFLGHQFH RIPDMRU GHSUHVVLRQ GXULQJ WKH ¿UVW VL[PRQWKV RI
DQWLYLUDOWUHDWPHQWDVFRPSDUHGWRWKHWZRFRQWUROJURXSVJURXS$YV
DQGLQJURXS%DQG&ORJUDQNGI S 3DWLHQWVZKR
GHYHORSHGV\PSWRPVRIPDMRUGHSUHVVLRQGXULQJ,)1WKHUDS\FRXOGEHDOVR
LPSURYHGE\DQWLGHSUHVVLYHWUHDWPHQW
&RQFOXVLRQV2XURSHQODEHOSLORWVWXG\HYHQVPDOOFOHDUO\LQGLFDWHVWKDW
,)1DOSKDLQGXFHGGHSUHVVLRQLQSV\FKLDWULFULVNSDWLHQWVFDQEHDPHOLRUDWHG
E\ERWKWKHXVHRIDQWLGHSUHVVDQWVDVZHOODVE\LQWHQVLYHSV\FKLDWULFFDUH
+RZHYHUODUJHUGRXEOHEOLQGSODFHERFRQWUROOHGWULDOVLQRWKHUSDWLHQWSRSX
ODWLRQVDUHUHTXLUHGWRFRQ¿UPWKHVHSUHOLPLQDU\¿QGLQJV
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6WUHVV0RGXODWHV,QIODPPDWLRQLQ-DQXVIDFHG0DQQHUYLD
&\WRNLQHV
$WVXR6HNL\DPD
'HSDUWPHQWRIVWUHVVVFLHQFH,QVWLWXWHRI+HDOWK%LRVFLHQFHV7KH
8QLYHUVLW\RI7RNXVKLPD*UDGXDWH6FKRRO-DSDQ
+DUX\DVX8HGD6KLQLFKLUR.DVKLZDPXUD+DUXNL2NDPXUD
.D]XKLWR5RNXWDQ
2EMHFWLYHV 3V\FKRORJLFDOSK\VLFDO VWUHVVHV DUH NQRZQ WR FDXVH UHODSVH
RI DXWRLPPXQH DQG LQÀDPPDWRU\ GLVHDVHV 2Q WKH RWKHU KDQG VWUHVVHV
VRPHWLPHV HQIRUFH KRVWGHIHQVHV 7R UHYHDO DPHFKDQLVP E\ ZKLFK QRQ
LQÀDPPDWRU\VWUHVVHVPRGXODWHKRVWGHIHQVHVUHVSRQVHVWRLPPRELOL]DWLRQ
VWUHVV LQPLFHZHUHLQYHVWLJDWHGIRFXVLQJRQWKHUROHRIDPXOWLIXQFWLRQDO
F\WRNLQHLQWHUOHXNLQ,/
0HWKRGV,PPRELOL]DWLRQVWUHVVHGPLFHZHUHDVVD\HGIRUSODVPDF\WRNLQH
OHYHOVDQGWKHLULQGXFLEOHPHFKDQLVPV05/OSUPLFHZKLFKVSRQWDQHRXVO\
GHYHORSOXSXVOLNHQHSKULWLVZHUHUHSHDWHGO\VWUHVVHGLQVHYHUDOWLPHFRXUVHV
WRLQYHVWLJDWHWKHHIIHFWRIFKURQLFVWUHVVHVRQWKHLQÀDPPDWRU\SURFHVV
5HVXOWV6WUHVV LQGXFHG ,/SUHFXUVRU SUR,/ LQ DGUHQDO FRUWH[YLD
$&7+ :KLOH FDVSDVH ZDV DFWLYDWHG LQ VXSHUR[LGH DQLRQGHSHQGHQW
PDQQHUZKLFKLQWXUQSURFHVVWKHSUR,/LQWRPDWXUHIRUP,/WKXV
SURGXFHGPHGLDWHVVWUHVVLQGXFWLRQRI,/&KURQLFVWUHVVFDXVHVSURJUHV
VLRQRUUHWDUGDWLRQRIUHQDOG\VIXQFWLRQ¶VGHYHORSPHQWZKLFKZHUHUHYHUVHG
E\ ,/ LQKLELWLRQ VKRZLQJ WKDW WKH -DQXVIDFHG HIIHFW RI WKH VWUHVV LV
SHUIRUPHGYLD,/
&RQFOXVLRQV,QVWUHVVHGRUJDQLVPV,/PD\LQÀXHQFHSDWKRORJLFDODQG
SK\VLRORJLFDO SURFHVVHV &RQWUROOLQJ WKH FDVSDVH DFWLYDWLQJ SDWKZD\ WR
VXSSUHVV,/OHYHOVPD\SURYLGHSUHYHQWDWLYHPHDQVDJDLQVWVWUHVVUHODWHG
GLVUXSWLRQRIKRVWGHIHQVHV
5HIHUHQFHV
&RQWL%-DKQJ-:7LQWL&6RQ-+DQG-RK7+,QGXFWLRQRI
LQWHUIHURQJDPPDLQGXFLQJIDFWRULQWKHDGUHQDOFRUWH[-%LRO&KHP

'LQDUHOOR&$1RYLFN'3XUHQ$-)DQWX]]L*6KDSLUR/0|KO
+<RRQ'5H]QLNRY//.LP6DQG5XELQVWHLQ02YHUYLHZ
RILQWHUOHXNLQPRUHWKDQDQLQWHUIHURQ"LQGXFLQJIDFWRU-/HXNRF%LRO

%RVVX31HXPDQQ''HO*LXGLFH(&LDUDPHOOD$*ORDJXHQ,)DQ
WX]]L*'LQDUHOOR&$'L&DUOR(0XVLDQL30HURQL3/&DVHOOL
*5XJJLHUR3%RUDVFKL',/F'1$YDFFLQDWLRQSURWHFWVPLFH
IURPVSRQWDQHRXVOXSXVOLNHDXWRLPPXQHGLVHDVH3URF1DWO$FDG6FL86
$
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&DQ$WWLWXGHV7RZDUGV0HGLFDWLRQEH3UHGLFWHG"
,QJULG6LELW]
'HSDUWPHQWRI3V\FKLDWU\0HGLFDO8QLYHUVLW\RI9LHQQD$XVWULD
+HLQ].DWVFKQLJ5DOI*RHVVOHU$QQH8QJHU0LFKDHOD$PHULQJ
2EMHFWLYHV7KH SUHVHQW VWXG\ LQYHVWLJDWHG WKH UROH RI IDFWRUV SUHYLRXVO\
VXJJHVWHGDVKDYLQJDQLPSDFWRQDWWLWXGHVWRZDUGVPHGLFDWLRQLQSDWLHQWV
VXIIHULQJIURPVFKL]RSKUHQLDDQGVFKL]RDIIHFWLYHSV\FKRVHV
0HWKRGV&OLQLFDOO\VWDEOHSDUWLFLSDQWVLQDQRXWSDWLHQWSV\FKRHGXFDWLRQDO
SURJUDPZHUHJURXSHGDFFRUGLQJWRSRVLWLYHRUQHJDWLYHVFRUHVRQWKH'UXJ
$WWLWXGH,QYHQWRU\'$,6FDOHDQGFODVVHGDV³SKDUPDFRSKLOLF´Q RU
³SKDUPDFRSKRELF´ Q  7KH WZR JURXSV ZHUH FRPSDUHG ZLWK UHJDUG
WR GHPRJUDSKLF YDULDEOHV FOLQLFDO FKDUDFWHULVWLFV WUHDWPHQW FRQGLWLRQV
VXEMHFWLYHGH¿FLW V\QGURPH LOOQHVVFRQFHSWVNQRZOHGJH ORFXVRIFRQWURO
DQGTXDOLW\RIOLIH
5HVXOWV ³3KDUPDFRSKRELF´ DQG ³SKDUPDFRSKLOLF´ DWWLWXGHV ZHUH QRW
LQGLFDWLYH RI GLIIHUHQFHV IRUPRVW YDULDEOHV XQGHU VWXG\ EHWZHHQ WKH WZR
JURXSV7KHRQO\GLIIHUHQFHVFRQFHUQHGKRVSLWDOLVDWLRQKLVWRU\SDQG
VWDWHPHQWVRQWKHDFWXDOVXEMHFWLYHH[SHULHQFHRIGHVLUHGDQGXQGHVLUHGHI
IHFWVRIPHGLFDWLRQSS 
&RQFOXVLRQV7KHLPSDFWRIVXEMHFWLYHH[SHULHQFHVZLWKGUXJWUHDWPHQWRQ
DWWLWXGHV WRZDUGVPHGLFDWLRQ DQG FRPSOLDQFH QHHG WR EH DPDLQ IRFXV RI
LQWHUYHQWLRQVWDUJHWLQJDWWLWXGHVWRZDUGVSKDUPDFRORJLFDOWUHDWPHQWV
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0RQRPHULFDQG2OLJRPHULF%HWD$P\ORLG3HSWLGH6SHFLHVDQG
6ROXEOH$SS$OSKDLQ5DEELW&6)&KDQJHV6SHFLILFGXHWR
([SHULPHQWDO0HQLQJLWLV
$OH[DQGHU6PLUQRY
'HSWRI3V\FKLDWU\)ULHGULFK$OH[DQGHU8QLYHUVLW\RI(UODQJHQ
1XUHPEHUJ*HUPDQ\
7UXSS$(VVHOPDQQ+%ORFK(/HZF]XN3:LOWIDQJ-
2EMHFWLYHV 7KH JHQHUDWLRQ RI VROXEOH GHWHUJHQWVWDEOH ROLJRPHULF EHWD
DP\ORLG SHSWLGHV VGV$"ROLJRPHUV LV D SDWKRSK\VLRORJLFDO KDOOPDUN
RI $O]KHLPHUV GHPHQWLD $' 6GV$ȕROLJRPHUV DUH QHXURWR[LF DQG
LPSDLU KLSSRFDPSDO ORQJWHUP SRWHQWLDWLRQ ZKLFKPD\ H[SODLQ WKH HDUO\
DQGSUHGRPLQDQWPHPRU\GH¿FLWVLQ$',QFHUHEURVSLQDOÀXLG&6)WKH
PRQRPHULFEHWDDP\ORLGSHSWLGH$ȕLVVHOHFWLYHO\GHFUHDVHGLQ
$' ZKHUHDV$ȕ DUH YLUWXDOO\ XQFKDQJHG ,W KDV EHHQ VXJ
JHVWHG WKDW$ȕ SUHFLSLWDWHV SUHIHUHQWLDOO\ LQWR LQVROXEOH EHWDDP\ORLG
SODTXHV+RZHYHUPRVWUHFHQWO\WKLVVHOHFWLYHGHFUHDVHRI&6)$ȕKDV
DOVREHHQVKRZQLQSDWLHQWVZLWK&UHXW]IHOGW-DNREVGLVHDVHLQWKHDEVHQFH
RIDQ\VLJQL¿FDQWȕDP\ORLGSODTXHORDG7RH[DPLQHWKHHIIHFWRIDFXWHEDF
WHULDOPHQLJRHQFHSKDOLWLVRQWKH&6)OHYHOVRI$ȕSHSWLGHVZHDGPLQLVWHUHG
6WUHSWRFRFFXVSQHXPRQLD63WRUDEELWVE\LQWUDFLVWHUQDOLQMHFWLRQ
0HWKRGV 5DEELW PRGHO 1HZ =HDODQG :KLWH UDEELWV DIWHU LQGXFWLRQ RI
DQHVWKHVLDZHUHSODFHGLQDVWHUHRWD[LFIUDPHE\PHDQVRIDGHQWDODFU\OLF
KHOPHW$VSLQDOQHHGOHZDVSODFHGLQWKHFLVWHUQDPDJQD0HQLQJLWLVZDV
LQGXFHGE\LQWUDFLVWHUQDOLQMHFWLRQRIFRORQ\IRUPLQJXQLWVRI63W\SH
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
LQUDEELWVKRXUVDIWHULQIHFWLRQDWWKHHQGRIWKHH[SHULPHQWUDEELWVZHUH
VDFUL¿FHG&6)ZDVGUDZQIURPHDFKUDEELWDWKKKKKDQG
KE\FLVWHUQDOSXQFWXUHDQGVDPSOHGLQSRO\SURS\OHQHYLDOV8UHDEDVHG
$ȕ6'63$*(LPPXQREORW3HSWLGHVFDQEHVHSDUDWHGZLWKLPSURYHGUHVR
OXWLRQE\WKHXUHDYHUVLRQRIWKHELFLQHELVWULVWULVVXOIDWH6'63$*(
5HVXOWV,QUDEELWVZLWKH[SHULPHQWDOPHQLQJRHQFHSKDOLWLVLQGLYLGXDOPRQR
PHULF$ȕSHSWLGHVSHFLHVVWDUWHGWRGHFUHDVHKDIWHUWKHRQVHWRILQIHFWLRQ
7KLV GURS EHFDPH VLJQL¿FDQW DOUHDG\ DIWHU  K IRU$ȕ DQG$ȕ
ZKHUHDV DOO PRQRPHULF $ȕ SHSWLGH VSHFLHV ZHUH VLJQL¿FDQWO\ GHFUHDVHG
KDIWHUWKHRQVHWRILQIHFWLRQ7ZR$ȕSHSWLGHVSHFLHVPRVWSUREDEO\FRU
UHVSRQGWRVGV$ȕROLJRPHUV7KHVHWZR$ȕSHSWLGHVSHFLHVVGV$ȕ
ZLWK PROHFXODU PDVVH RI  0U DQG VGV$ȕ  0U ZHUH
VLJQL¿FDQWO\LQFUHDVHGDIWHUKDQGKFRPSDUHGWRFRQWUROV
&RQFOXVLRQV2XU UHVXOWV LQGLFDWH WKDW VGV$ȕROLJRPHUVSURYLGHDSDWKR
SK\VLRORJLFDO OLQN EHWZHHQ WKH GHFUHDVH RI &6)$ȕ SHSWLGHV LQ EDFWHULDO
PHQLQJLWLV DQG$ȕ LQ$'GXH WR D VKLIW RIPRQRPHULF WR ROLJRPHULF
$ȕSHSWLGHV'HFUHDVHGFRQFHQWUDWLRQVRI$ȕSHSWLGHVLQ&6)GXULQJDFXWH
PHQLQJRHQFHSKDOLWLV ZLWKRXW SODTXH IRUPDWLRQ VXSSRUW RXU UHFHQWO\ VXJ
JHVWHGK\SRWKHVLVWKDWSUHFLSLWDWLRQRI$LQWRSODTXHVGRHVQRWH[SODLQ
LWVGHFUHDVHG&6)FRQFHQWUDWLRQVLQ$'2WKHUSURFHVVHVOLNHROLJRPHUL]D
WLRQZLWKHSLWRSHPDVNLQJDQGRUFRPPRQFKDSHURQHG\VIXQFWLRQPLJKWEH
FRQVLGHUHGWRR
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6\VWHPRI%ORRG$%26RPDWLF'LVHDVHVDQG0HQWDO'LVRUGHUV
(OHQD*XWNHYLFK
0HQWDO+HDOWK5HVHDUFK,QVWLWXWH7RPVN6FLHQFH&HQWUH6%
5$06L5XVVLD
/LOL\D-DN\WMRQRN1DWDOL\D*DUJDQHHYD/XGPLOD5\DGRYDMD
2EMHFWLYHV 6WXG\LQJ LQWHUUHODWLRQV RI DQWLJHQV RI JURXSV RI EORRG E\
V\VWHP$%2DQGSUHYDOHQFHRIVRPDWLFGLVHDVHVDWPHQWDOGLVRUGHUVIRUWKH
LQFUHDVHHI¿FLHQF\RIPHGLFDOJHQHWLFDLG
0HWKRGV  SDWLHQWV ZLWK QRQ SV\FKRWLF PHQWDO GLVRUGHUV QHXURWLF
VWUHVVUHODWHG GLVRUGHUV GLVRUGHUV RI DGXOW SHUVRQDOLW\ DQG EHKDYLRU DQG
 SDWLHQWV ZLWK VFKL]RSKUHQLD:H FDUULHG FOLQLFDO DQDO\VLV DQG DQDO\VLV
RI JURXSVRI EORRGE\ V\VWHP$%2DQG D5KHVXV IDFWRU7KHGLVWULEXWLRQ
RIJURXSVRIEORRGLQDSRSXODWLRQDUHIROORZLQJWKHJURXS2,FRPSRVH
$,,%,,,Ⱥȼ,9%\WKH5KHVXVIDFWRU
SHRSOHKDYH5KDQG±UK
5HVXOWV7KHGLVWULEXWLRQRIJURXSVRIEORRGDPRQJSDWLHQWVZLWKQRQSV\
FKRWLFPHQWDOGLVRUGHUVZDVIROORZLQJWKHJURXS2,FRPSRVH$
,,±%,,,±Ⱥȼ,9±RISDWLHQWVKDG5K
DQGRQHVKDGUK$PRQJSDWLHQWVZLWKVFKL]RSKUHQLDJURXS2,KDV
PDGH$,,%,,,$%,9SHUVRQV
RIWKLVJURXSKDG5KDQGRQHVKDGUK3DWLHQWVZLWKQRQSV\FKRWLF
PHQWDOGLVRUGHUVKDYHLQFDUGLRYDVFXODUGLVHDVHVLQIDUFWP\RFDUGLDO
LVFKHPLDDQGDSRSOH[\GLVHDVHVRIJODQGWK\UHRLGJDVWULHU
DQGXOFHUJDVWURGXRGHQDO3DWLHQWVZLWKVFKL]RSKUHQLDKDYHLQGLV
HDVHVRIJDVWURLQWHVWLQDOWUDFWFDUGLRYDVFXODUGLVHDVHVK\SHUWRQLF
GLVHDVHVRIUHQVS\HORQHSKULWLV
&RQFOXVLRQV,QFRPSDULVRQZLWKWKHJHQHUDOSRSXODWLRQDQGSDWLHQWVZLWK
QRQSV\FKRWLFPHQWDOGLVRUGHUVDPRQJSDWLHQWVZLWKVFKL]RSKUHQLDWKHUHZDV
WKHLQFUHDVHRIQXPEHURISHUVRQVZLWKJURXSRIEORRG2,S DQG
SHUVRQVZLWK5K$WQRQSV\FKRWLFPHQWDOGLVRUGHUVPRVWIUHTXHQWO\PHHWV
FDUGLRYDVFXODUGLVHDVHVDQGDWVFKL]RSKUHQLD±GLVHDVHVRIJDVWURLQWHVWLQDO
WUDFW7KLVVWXG\JLYHVWKHRSSRUWXQLW\WRSUHGLFWDQRFFXUUHQFHRIGLVHDVH
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&RPRUELGLW\RI0LJUDLQHDQG0RRG'LVRUGHUVLQDQ
2XWSDWLHQW3V\FKLDWULF3RSXODWLRQ
)DQQ\%XRQJLRUQR
+6DQ5DIIDHOH8QLYHUVLWj9LWDH6DOXWHRI0LODQ,WDO\
/LQGD)UDQFKLQL(QULFR6PHUDOGLL
2EMHFWLYHV$QDVVRFLDWLRQEHWZHHQPLJUDLQHKHDGDFKHDQGPRRGGLVRUGHU
KDV EHHQ UHSRUWHG EXW WKH LQIRUPDWLRQ LV VSDUVH FRQFHUQLQJ WKH GLVWULEX
WLRQ RIPLJUDLQH LQ VXEJURXSV RIPRRG GLVRUGHUV7KH SUHVHQW VWXG\ZDV
XQGHUWDNHQ WR LQYHVWLJDWH  WKH GLVWULEXWLRQ RIPLJUDLQH KHDGDFKH LQ DQ
RXWSRSXODWLRQRIQRUPRWK\PLFSDWLHQWVZLWK0RRG'LVRUGHU LQ ORQJWHUP
WKHUDS\WKHSUHVHQFHRIFOLQLFDOYDULDEOHVSRVVLEO\UHODWHGWRWKHULVNRI
FRPRUELGLW\EHWZHHQPRRGGLVRUGHUDQGPLJUDLQH WKHIDPLOLDOSDWWHUQ
DFFRUGLQJWRWKHGLDJQRVLVRIPRRGGLVRUGHUVDQGPLJUDLQH
0HWKRGV:HDGPLQLVWHUHGWRSDWLHQWVDTXHVWLRQQDLUHDFFRUGLQJWR,+6
FULWHULDWRHVWDEOLVKWKHPLJUDLQHKHDGDFKHGLDJQRVLV
&KLVTXDUHWHVWDQGWWHVWZHUHXVHGWRFDOFXODWHGLIIHUHQFHVEHWZHHQJURXSV
&R[SURSRUWLRQDOKD]DUGVPRGHO&R[ZDVHPSOR\HGWRHVWLPDWHWKH
ULVNIRUPLJUDLQHDVVRFLDWHGZLWKPRRGGLVRUGHULQWKHZKROHVDPSOHWDN
LQJ LQWRDFFRXQW DV LQGHSHQGHQWYDULDEOHV WKH IROORZLQJ VH[ FXUUHQW DJH
SRODULW\RIWKHIRUPRIPRRGGLVRUGHUIDPLOLDULW\IRUPRRGGLVRUGHUVDQGRU
IRUPLJUDLQH
5HVXOWVRIWKHVDPSOHPHWFULWHULDIRUPLJUDLQHKHDGDFKH7KHDJH
RIRQVHWRIPRRGGLVRUGHUZDVVLJQL¿FDQWO\SHDUOLHULQFRPRUELG
VDPSOHWKDQLQQRQFRPRUELGVDPSOHLQSDUWLFXODULQELSRODUVDQGWKHRQVHW
RIPLJUDLQHZDVHDUOLHUWKDQDJHRIRQVHWRIPRRGGLVRUGHULQWKHFRPRUELG
JURXSWKHSUHVHQFHRIIDPLOLDULW\IRUPRRGGLVRUGHUDQGPLJUDLQHZDVWKH
RQO\YDULDEOHVWULFWO\UHODWHGWRWKHULVNRIFRPRUELGLW\7KHORQJWHUPWUHDW
PHQWZLWK OLWKLXPVDOWVVXEMHFWLYHO\ LPSURYHGPLJUDLQHRXWFRPHZKHUHDV
ORQJWHUPWUHDWPHQWZLWK665,VGLGQRWLPSURYHPLJUDLQHIUHTXHQF\DWWDFNV
&RQFOXVLRQV5HVXOWV FRXOG VXSSRUW WKH ELGLUHFWLRQDO DVVRFLDWLRQ EHWZHHQ
WKHWZRFOLQLFDOIRUPVFRQVLGHULQJIDPLOLDODQGSKDUPDFRORJLFDOSDWWHUQ
32
3RVWHU6HVVLRQ1R
32
$QDO\]HRIWKH(OHFWURSK\VLRORJ\RI$JJUHVVLYH%HKDYLRUE\
8VLQJ706
$OL%R]NXUW
*XOKDQH0LOLWDU\0HGLFDO$FDGHP\$QNDUD7XUNH\
=XONXI3HUGHFL.1DKLW2]PHQOHU6LQDQ<HWNLQ)DWLK2]GDJ
2EMHFWLYHV%LRORJLFDOUHVHDUFKHVRQDJJUHVVLYHEHKDYLRUDUHVWDUWLQJZLWK
WKH REVHUYDWLRQ WKDW SDWLHQWVZLWK IURQWDO OREH SUREOHPV FRXOG QRW LQKLELW
WKHLULPSXOVLYLW\'XHWKHODFNRIIURQWRFRUWLFDOLQKLELWLRQEHKDYLRUDOSURE
OHPVOLNHUHDFWLYHDJJUHVVLRQLPSXOVLYLW\DQGLQDELOLW\WRFRQWUROKDYHEHHQ
VHHQ6XEMHFWVRIWKHVWXG\ZHUHSHUVRQVZLWKDQWLVRFLDOSHUVRQDOLW\GLVRUGHU
LQZKLFK DJJUHVVLYH EHKDYLRU LV RQH RI WKH NH\ IHDWXUHV ,Q WKH VWXG\ WKH
HOHFWURSK\VLRORJ\RIFRUWLFDOLQKLELWLRQDQGH[FLWDELOLW\ZKLFKLVVXJJHVWHG
WREHUHODWHGZLWKDJJUHVVLYHEHKDYLRUKDVEHHQHYDOXDWHGZLWKWUDQVFUDQLDO
PDJQHWLFVWLPXODWLRQ706
0HWKRGV7KHVXEMHFWVZHUHPDOHVZKRZHUHVHQWWRWKHSV\FKLDWU\GH
SDUWPHQWGXHDGMXVWPHQWDQGGLVFLSOLQDU\SUREOHPVDQGZHUHGLDJQRVHGDV
DQWLVRFLDOSHUVRQDOLW\GLVRUGHU7KHFRQWUROVZHUHGHPRJUDSKLFDOO\PDWFKHG
 KHDOWK\ YROXQWHHUV 7KH PHDVXUHV RI WKH VWXG\ ZHUH D SDWLHQWV IRUP
6&,',6&,',,%XVV\3HUU\$JJUHVVLRQ,QYHQWRU\DQG(GLQEXUJK+DQG
HGQHVV,QYHQWRU\0HDVXUHVUHODWHGZLWKFRUWLFDOH[FLWDELOLW\ZKLFKZHUHWKH
PRWRU WKUHVKROG 07 FRUWLFDO PRWRU FRQGXFWLRQ WLPH &0&7 FRUWLFDO
ODWHQF\&/FRUWLFDODPSOLWXGH&$DQGPHDVXUHUHODWHGZLWKLQKLELWRU\
PHFKDQLVPVZKLFKZDVFRUWLFDOVLOHQWSHULRG63KDYHEHHQHYDOXDWHGXVLQJ
WKHGRPLQDQWKHPLVSKHUHRIVXEMHFWVDQGFRQWUROV
5HVXOWV07&/DQG&0&7KDYHEHHQIRXQGVWDWLVWLFDOO\VLJQL¿FDQWORZHU
LQDQWLVRFLDOJURXSFRPSDUHGZLWKFRQWUROV7KHUHZDVDQHJDWLYHFRUUHOD
WLRQ EHWZHHQ WKHVH SDUDPHWHUV DQG DJJUHVVLRQ LQYHQWRU\7KH&$ DQG 63
PHDVXUHVZHUHQRWVWDWLVWLFDOO\GLIIHUHQWEHWZHHQJURXSV
&RQFOXVLRQV$VUHVXOWLWKDVEHHQIRXQGWKDWFRUWLFDOH[FLWDELOLW\KDVEXW
WKHFRUWLFDOLQKLELWRU\PHFKDQLVPVGRQRWKDYHDUHODWLRQZLWKDJJUHVVLYHEH
KDYLRU7KHGLIIHUHQFHRIFRUWLFDOH[FLWDELOLW\LVFRQFRUGDQWZLWKDJJUHVVLYH
EHKDYLRU,W¶VDOVRNQRZQWKDWPHGLFDWLRQVWKDWGHFUHDVHFRUWLFDOH[FLWDELOLW\
DOVRGHFUHDVHDJJUHVVLYHEHKDYLRU
5HIHUHQFHV
%URZHU0&3ULFH%+1HXURSV\FKLDWU\RIIURQWDOOREHG\VIXQFWLRQ
LQYLROHQWDQGFULPLQDOEHKDYLRU$&ULPLQDO5HYLHZ-RXUQDORI1HXURORJ\
1HXURVXUJHU\3V\FKLDWU\
&XUUD$0RGXJQR1 ,QJKLOOHUL00DQIUHGL0+DOOHWW0%HUDUGHOOL$
7UDQVFUDQLDOPDJQHWLF VWLPXODWLRQ WHFKQLTXHV LQ FOLQLFDO LQYHVWLJD
WLRQ1HXURORJ\
*RUHQVWHLQ ((  )URQWDO OREH IXQFWLRQV LQ 3V\FKRSDWKV -RXUQDO RI
$EQRUPDO3V\FKRORJ\
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
32
$VVHVLQJ)URQWDO/REH)XQFWLRQVZLWK:LVFRQVLQ&DUG6RUWLQJ
7HVWLQ$QWLVRFLDO6DPSOH
$OL%R]NXUW
*XOKDQH0LOLWDU\0HGLFDO$FDGHP\$QNDUD7XUNH\
0'X]JXQ3RODW.1DKLW2]PHQOHU7XQD\.DUOLGHUH
7XPHU7XUNED\
2EMHFWLYHV $JJUHVVLYH EHKDYLRU KDV GLIIHUHQW FRPSRQHQWV OLNH UHDFWLYH
DJJUHVVLRQLPSXOVLYLW\DQGODFNRIFRQWURO)XQFWLRQDODQGRUJDQLFSDWKROR
JLHVZHUHDVVHVVHGLQWKHHWLRORJ\)URQWDOOREHKDVDUHODWLRQZLWKDJJUHVVLYH
EHKDYLRU,QHWLRORJLFDOVWXGLHVIURQWDOOREHLVDOVRWKRXJKWWREHUHVSRQVLEOH
ZKLWKG\VIXQFWLRQV UHODWHG WR DJJUHVVLRQ$JJUHVVLRQ DQGGHVWUXFWLYH DWWL
WXGHVDUHRQHRIWKHPDMRUSUREOHPVLQDQWLVRFLDOSHUVRQDOLW\GLVRUGHUV7KLV
VWXG\ DLPHG WR DVVHV WKH UHODWLRQVKLS EHWZHHQ IURQWDO OREH IXQFWLRQV DQG
DJJUHVVLRQDPRQJDQWLVRFLDOSHUVRQDOLW\GLVRUGHUVXEMHFWV
0HWKRGV7KHVWXG\ZDVFRQGXFWHGLQWKHRXWSDWLHQWFOLQLFRIWKH3V\FKLDWU\
'HSDUWPHQWRI*XOKDQH0LOLWDU\0HGLFDO$FDGHP\6XEMHFWVUHIHUUHGWRWKH
SV\FKLDWU\GHSDUWPHQWGXHWKHLUGLVFLSOLQDU\DQGDGMXVWPHQWSUREOHPVZHUH
LQWHUYLHZHG7KHVXEMHFWVZKRZHUHGLDJQRVHGDVDQWLVRFLDOSHUVRQDOLW\GLV
RUGHUKDYHEHHQLQFOXGHGLQWKHVWXG\VXEMHFWVDQGPDWFKHGKHDOWK\
FRQWUROV FRPSOHWHG WKH VWXG\ ,Q WKH VWXG\ GDWDZHUH FROOHFWHG E\7D\ORU
9LROHQFH$VVHVVPHQW6FDOH6&,',6&,',,:LVFRQVLQ&DUG6RUWLQJ7HVW
:&675HVXOWVZHUHDQDO\]HGFRPSDULQJVXEMHFWVZLWKKHDOWK\FRQWUROV
5HVXOWV6LJQL¿FDQWGLIIHUHQFHVKDYHEHHQ IRXQG LQ:LVFRQVLQ&DUG6RUW
LQJ7HVWSHUIRUPDQFHWKDWLQGLFDWHGDWWHQWLRQGH¿FLHQF\DQGLPSXOVLYLW\LQ
DQWLVRFLDOSHUVRQDOLW\GLVRUGHUVXEMHFWVFRPSDUHGZLWKFRQWUROV:KHQ WKH
VXEMHFWVZHUH GLYLGHG LQWRPLOG DQG VHYHUH YLROHQFH JURXSV XVLQJ7D\ORU
9LROHQFH $VVHVVPHQW 6FDOH VWDWLVWLFDOO\ VLJQL¿FDQW GLIIHUHQFH KDV EHHQ
IRXQGEHWZHHQVHYHUHYLROHQFHJURXSVFRPSDUHGWRKHDOWK\FRQWUROVDFFRUG
LQJ WR:&67$IWHU DVVHVVLQJ WKH FRUUHODWLRQ EHWZHHQ DQWLVRFLDO EHKDYLRU
VFRUHDQGQHXURSV\FKRORJLFDOWHVWRXWFRPHVLQPLOGYLROHQFHJURXSIURQWDO
OREHIXQFWLRQVZHUHIRXQGWREHPRUHUHODWHGWRWKHVHYHULW\RIWKHEHKDYLRUDO
SDWKRORJ\
&RQFOXVLRQV7KH FRUUHODWLRQEHWZHHQ:&67VFRUHV DQG7D\ORU9LROHQFH
$VVHVVPHQW6FDOHLQGLFDWHVWKHSRVVLEOHUROHRIGH¿FLHQF\LQDWWHQWLRQODFN
RILQKLELWLRQRIGLVDSSURSULDWHUHVSRQVHDQGGHFUHDVHLQDELOLW\RIDEVWUDF
WLRQLQRFFXUUHQFHRIDJJUHVVLYHEHKDYLRU
5HIHUHQFHV
%DUFHOR)'RHVWKH:LVFRQVLQ&DUG6RUWLQJ7HVWPHDVXUHSUHIURQWDO
IXQFWLRQ"-3V\FKRORJ\
%DUFHOR ) 6DQWRPH&DOOHMD$ $ FULWLFDO UHYLHZ RI WKH VSHVL¿W\ RI
WKH:LVFRQVLQ&DUG6RUWLQJ7HVWIRUWKHDVVHVVPHQWRISUHIURQWDOIXQFWLRQ
5HYLHZ1HXURORJ\
'HFNHO$:+HVVHO%URFN9%DXHU/$QWLVRFLDOSHUVRQDOLW\GLVRUGHU
FKLOGKRRG GHOLQTXHQF\ DQG IURQWDO EUDLQ IXQFWLRQLQJ((* DQG QHXURSV\
FKRORJLFDO¿QGLQJV-RI&OLQLFDO3V\FKRORJ\
32
9DULDWLRQVEHWZHHQ&XUUHQW	5HFRYHUHG6XEW\SHVRI
$QRUH[LD3DWLHQWV
.LUVW\%URZQ
8QLYHUVLW\RI'XQGHH6FRWODQG
6DUDK%XMDF'DYLG&DPSEHOO0LFKDHO6WXEELQV-RKQ%OXQGHOO
2EMHFWLYHV 7KH VWXG\ZDV GHVLJQHG WR XVHPHDVXUHV RI HDWLQJ DQG IRRG
EHKDYLRXUWRFRPSDUHVXEW\SHVRISDWLHQWVZLWKDQRUH[LDQHUYRVD$1DQG
WRHYDOXDWHWKHFKDQJHVLQWKHVHPHDVXUHVDIWHUUHFRYHU\
0HWKRGV 3DUWLFLSDQWVZHUH DVVLJQHG WR PDLQ JURXSV SHRSOHZLWK FXU
UHQW DQRUH[LDQHUYRVD Q SHRSOHZKRKDG UHFRYHUHG IURPDQRUH[LD
QHUYRVD Q  DQG FRQWUROV Q  7KH DQRUH[LD QHUYRVD FDVHV ZHUH
GLFKRWRPL]HGDFFRUGLQJWR'60,9VXEW\SHFULWHULDLQWRUHVWULFWLQJ5$1
DQGELQJHSXUJH%3$1VXEW\SHEDVHGRQFOLQLFDOGLDJQRVLVDQGWKH6,$%
)LFKWHUHWDO7KHSV\FKRPHWULFLQVWUXPHQWVZHUHFKRVHQWRUHÀHFW
NH\IHDWXUHVFRQFHUQLQJWKHGLDJQRVLVRIHDWLQJGLVRUGHUVDQGFKDUDFWHULVWLFV
RIHDWLQJDQGIRRGEHKDYLRXUDQGLQFOXGHG7)(4DQG'(%4WRJHWKHUZLWK
($7(3,56(
5HVXOWV7DNHQDVDZKROHWKHDQRUH[LDQHUYRVDFDVHVGLIIHUHGVLJQL¿FDQWO\
IURPFRQWUROVRQDOOYDULDEOHVH[FHSWIRUWKHGLVLQKLELWLRQDQGKXQJHUIDFWRUV
RQ7)(4&RQVLGHUHGVHSDUDWHO\WKH%3$1VFRUHGVLJQL¿FDQWO\KLJKHUWKDQ
5$1RQ7)(4GLVLQKLELWLRQDQGKXQJHUIDFWRUV$VDQWLFLSDWHGVFRUHVRQ
WKH($7GLIIHUHGJUHDWO\EHWZHHQFXUUHQWDQGUHFRYHUHGFDVHVLQGLFDWLQJ
WKDW WKLV LQVWUXPHQW PHDVXUHV SURFHVVHV FHQWUDO WR WKH HDWLQJ GLVRUGHUHG
VWDWH
&RQFOXVLRQV7KHUHFRYHUHGSDWLHQWVZLWKQRUPDO%0,VVKRZHGODUJHDQG
VLJQL¿FDQWGLIIHUHQFHVIURPFRQWUROVRQWKHPDMRULW\RIYDULDEOHVLQGLFDWLQJ
FRQVLGHUDEOH UHVLGXDO GLI¿FXOWLHV ZLWK ZHLJKW DSSHWLWH FRQWURO DQG IRRG
EHKDYLRXU1HYHUWKHOHVVWKHPDMRULW\RIWKHIDFWRUVZHUHLPSURYHGLQWKHLU
UHFRYHUHGVWDWHLQWHUHVWLQJO\SHRSOHLQERWKFXUUHQWDQGUHFRYHUHG5$1DQG
%3$1VXEJURXSVGLIIHUHGPDUNHGO\ IURPHDFKRWKHU RQ IDFWRUV UHODWHG WR
WKHH[SHULHQFHKXQJHUDQGWKHVXVFHSWLELOLW\WREHSURYRNHGLQWRHDWLQJ,W
LV SRVVLEOH WKDW WKHVH WUDLWV DUH UHOHYDQW WR WKH GLIIHUHQW FOLQLFDO IRUPV ,Q
WKH'609 FDWHJRUL]DWLRQ RI DQRUH[LD QHUYRVD WKH RYHUW SDWWHUQ RI HDWLQJ
EHKDYLRXUZKHWKHUWKHSURIRXQGUHVWULFWLRQRIIRRGLQWDNHLVSXQFWXDWHGE\
HSLVRGLFHSLVRGHVRIRYHUHDFWLQJZDVXVHGWRGH¿QHWKHELQJHSXUJHUHVWULFW
LQJVXEW\SHV
5HIHUHQFHV
)LFKWHU00(OWRQ0(QJHO.0H\HU$3RXWVWND)0DOO+YRQ
GHU+H\GWH67KH6WUXFWXUHG,QWHUYLHZIRU$QRUH[LDDQG%XOLPLD1HUYRVD
6,$%'HYHORSPHQWDQGFKDUDFWHULVWLFVRIDVHPLVWDQGDUGL]HGLQVWUX
PHQW,Q)LFKWHU00HGLWRU%XOLPLDQHUYRVD%DVLFUHVHDUFKGLDJQRVLV
DQGWKHUDS\1HZ<RUN:LOH\S
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'LIILFXOWLHVDQG3LWIDOOVLQ'LDJQRVWLFVRI1HXURVXUJLFDO/HVLRQV
'DLYD'HOWXYLHQH
0HGLFDO&HQWHU³1HXURPHGD´.DXQDV/LWKXDQLD
$XGURQH%XQHYLFLHQH9\WHQLV'HOWXYD
2EMHFWLYHV6RPHEUDLQOHVLRQVVXFKDVEHQLJQEUDLQWXPRUVK\GURFHSKDOXV
FHUHEUDO F\VWV DQG VRPH RWKHU DSSHDULQJ LQ IXQFWLRQDOO\ VLOHQW HORTXHQW
DUHDV LQ LQLWLDO VWDJHV RI WKH GLVHDVH FDQ FDXVH VRPH QRQ VSHFL¿F VFDQW\
V\PSWRPV6RPHWLPHVWKLVOHDGVWRRYHUGXHRIVWDWHPHQWRISURSHUGLDJQRVLV
DQGWUHDWPHQW7KHDLPRIRXUVWXG\ZDVWRVKRZGLI¿FXOWLHVDQGSLWIDOOVLQ
WLPHO\GLDJQRVWLFVLQVRPHFDVHVRIQHXURVXUJLFDOSDWKRORJ\
0DWHULDOV:H SHUIRUPHG UHWURVSHFWLYH DQDO\VLV RI DOO SDWLHQWV WKDW ZHUH
DGPLWWHGWRWKH1HXURVXUJHU\GHSDUWPHQWRIWKH.DXQDV0HGLFDO8QLYHUVLW\
+RVSLWDOGXULQJWKH\HDU:HVHOHFWHGSDWLHQWVWKDWZHUHWUHDWHGE\
SV\FKLDWULVWRUQHXURORJLVWIRUFRQVLGHUDEOHSHULRGRIWLPHEHIRUHWKHFRUUHFW
GLDJQRVLV ZDV HVWDEOLVKHG:H DQDO\]HG WKH KLVWRU\ RI LOOQHVV ¿UVW VLJQV
RI PDQLIHVWDWLRQ GLDJQRVWLF SURFHGXUHV ERJXV GLDJQRVLV DQG WUHDWPHQW
SDWLHQWV UHFHLYHG WLOO WKH\ZHUH DGPLWWHG WRQHXURVXUJLFDO GHSDUWPHQW:H
DOVRWULHGWRVHWWKHUHDVRQVRIVXFKSLWIDOOV
5HVXOWVSDWLHQWVLQLQLWLDOVWDJHVRIWKHLUGLVHDVHZHUHWUHDWHGE\QHXUROR
JLVWVRUSV\FKLDWULVWV3DWLHQWV¶DJHYDULHGIURPWR\HDUV7KHLUSULPDU\
GLDJQRVLVZHUH±FHUHEUDOSDUDO\VLVFDVHVRIVFKL]RSKUHQLD3DUNLQVRQ
GLVHDVH  FDVHV RI$O]KHLPHU GLVHDVH  FDVHV RI GHSUHVVLRQ (VVHQWLDOO\
SDWLHQWVKDGFHUHEUDOF\VWVFDVHVRIK\GURFHSKDOXVFDVHVRIEHQLJQ
JOLRPDVLQYROYLQJOLPELFV\VWHPFDVHVRIPHQLQJLRPDV7KHVWDWHPHQWRI
SURSHUGLDJQRVLVVLQFHWKH¿UVWVFDQW\V\PSWRPVDSSHDUHGSURWUDFWHGIURP
PRQWKV WR\HDUV7KHSURSHUGLDJQRVLVZDVFRQ¿UPHGE\05,VFDQV
DQGKLVWRORJLFDOYHUL¿FDWLRQRI WKH OHVLRQGXULQJQHXURVXUJLFDOSURFHGXUH
7KH PDLQ UHDVRQV RI LQFRUUHFW GLDJQRVLV ZHUH D JLYLQJ SURPLQHQFH WR
SDWLHQWV¶DJHESK\VLFLDQVFRQFHQWUDWLRQRQRQHV\PSWRPFXQTXDOL¿HG
LQYHVWLJDWLRQGLPSHUIHFWNQRZOHGJHRIKLVWRU\RILOOQHVVHWDNLQJRQWUXVW
GLDJQRVHVVWDWHGE\RWKHUGRFWRUV
&RQFOXVLRQV7RDYRLGGLDJQRVWLFSLWIDOOVSDWLHQWVHYHQZLWKVFDQW\QHXUR
ORJLFDOV\PSWRPVPXVWEHYHU\FDUHIXOO\H[DPLQHGQHXURORJLFDOO\QHXURUD
GLRORJLFDODQGQHXURSV\FKRORJLFDOH[DPLQDWLRQPXVWEHSHUIRUPHG
32
%HQ]RGLD]HSLQH$GUHQHUJLF5HFHSWRUV,QWHUDFWLRQVLQWKH
3DWKRSK\VLRORJ\RI0DMRU'HSUHVVLRQ
6HUJHL0LQHQNR
,QVWLWXWHRI1HXURORJ\3V\FKLDWU\DQG1DUFRORJ\RI$06RI
8NUDLQH
,QWURGXFWLRQ$GYDQFHVLQQHXURVFLHQFHVZLWKLPSURYHGXQGHUVWDQGLQJRI
QHXURWUDQVPLVVLRQDQGUHFHSWRUVGRQRWDOZD\VWUDQVODWHLQWRWKHLGHQWL¿FD
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
WLRQRIUHOLDEOHELRORJLFDOPDUNHUVRIGHSUHVVLRQ6FKLOGNUDXW-5XWK
*URVV,VVHURIIHWDO
2EMHFWLYHV 7KH JRDO RI FXUUHQW VWXG\ ZDV ± WR WHVW WKH LQÀXHQFH RI WKH
DGUHQHUJLF DQG EHQ]RGLD]HSLQH GUXJV RQ WKH LPPXQRVXSSUHVVLYH OHYHOV
RI OHXNRF\WH S\UXYDW GHK\GURJHQDVH /3'* DFWLYLW\ GXULQJ WKH GH[DP
HWKDVRQH VXSSUHVVLRQ WHVW LQ SDWLHQWVZLWK0DMRU'HSUHVVLRQ DQG$Q[LHW\
'LVRUGHU
0HWKRGV3DWLHQWVPDOHPHDQDJH\HDUVDQGSUHPHQRSDX
VDOIHPDOH\HDUVSDWLHQWVZLWK3ULPDU\0DMRU'HSUHVVLYH(SLVRGH
ZHUH VWXGLHG$OO SDWLHQWVZHUH GLDJQRVHG E\ D SV\FKRORJLVW DQG IXO¿OOHG
'60±,9 FULWHULD IRU0DMRU'HSUHVVLYH (SLVRGH7KH GH[DPHWKDVRQH LP
PXQRVXSSUHVVLRQ WHVW ',67ZDV FRQGXFWHG WR  SDWLHQWVZLWK 3ULPDU\
GHSUHVVLYHHSLVRGHDQGSDWLHQWVZLWKDQ$Q[LHW\'LVRUGHU&ULWHULDRIWKH
',67HVWLPDWLRQLQFOXGHGWKHGHJUHHRILPPXQRVXSSUHVVLRQ/3'*DFWLYLW\
DIWHU/'23$DQGGLD]HSDPDGPLQLVWUDWLRQ
5HVXOWV 7KH UHVXOWV SHUPLWWHG UHOLDEOH GLIIHUHQWLDWLRQ EHWZHHQ FRQWURO
VXEMHFWVDQGSDWLHQWVZLWK3ULPDU\GHSUHVVLYHHSLVRGH,QFDVHVRI3ULPDU\
0DMRU 'HSUHVVLRQ DIWHU GH[DPHWKDVRQH DGPLQLVWUDWLRQ DFWLYLW\ RI /3'*
LQFUHDVHGPRUH WKDQ ,Q WKHFDVHVRI3ULPDU\0DMRU'HSUHVVLYH(SL
VRGH LQ VHSDUDWLRQZLWK DQ$Q[LHW\'LVRUGHU DIWHU/'23$DQGGLD]HSDP
DGPLQLVWUDWLRQDFWLYLW\RI/3'*LQFUHDVHGPRUHWKDQ'LD]HSDPRID
PJGRVHKDGDKLJKHULPPXQRVXSSUHVVLYHHIIHFWWKDQ/'23$JRQ
DOWHUDWLRQRI/3'*DFWLYLW\PRUHWKDQPPROOKRXUS
&RQFOXVLRQV 'LD]HSDP LPPXQRVXSSUHVVLYH DFWLRQ ZDV KLJKHU WKDQ /
'23$RQ/3'*DFWLYLW\LQSDWLHQWVZLWKDQ$Q[LHW\'LVRUGHUDQG0DMRU'H
SUHVVLRQ'LD]HSDPLPPXQRVXSSUHVVLYHDFWLRQGLGQRWFRUUHODWHZLWKSRVL
WLYHG\QDPLFVRI7DQG%FHOOVO\PSKRF\WHV)URPRWKHUVLGHPHFKDQLVP
RI/'23$DFWLRQRQDGUHQHUJLFUHFHSWRUVVWLPXODWHG7FHOOUHFHSWRUVDQG
PDGHWKHPK\SHUDFWLYHSURGXFHGLQFUHDVLQJUDQJHRI7FHOOO\PSKRF\WHV
,WPHDQVWKDWDGUHQHUJLFDQGEHQ]RGLD]HSLQHUHFHSWRUVDUHLQWHUDFWLQJZLWK
HDFKRWKHUDQGLQÀXHQFLQJ7DQG%FHOOVUHFHSWRUVLQGLIIHUHQWZD\VGXULQJ
LPPXQRVXSSUHVVLRQ
5HIHUHQFHV
6FKLOGNUDXW-7KHFDWHFKRODPLQHK\SRWKHVLVRIDIIHFWLYHGLVRUGHUVD
UHYLHZRIVXSSRUWLQJHYLGHQFH$P-3V\FKLDWU\
5XWK*URVV±,VVHURII'7KHVXLFLGHEUDLQ±DUHYLHZRISRVWPRUWHP
UHFHSWRUWUDQVSRUWHUELQGLQJVWXGLHV1HXURVFL%LREHKDY5HY
32
&KDOOHQJH7HVW5HVSRQVHVFDQ6HSDUDWH6RFLDODQG3K\VLFDO
$QKHGRQLD
3HWUD1HWWHU
'HSDUWPHQWRISV\FKRORJ\8QLYHUVLW\RI*LHVVHQ*HUPDQ\
0DUWLQ5HXWHU
2EMHFWLYHV$QKHGRQLDLVFRQFHLYHGDVDV\PSWRPLQVFKL]RSKUHQLDDVZHOO
DVLQGHSUHVVLRQEXWLWHYLGHQWO\KDVGLIIHUHQWIDFHWVDVUHSUHVHQWHGLQDVFDOH
E\&KDSPDQHWDOPHDVXULQJVRFLDODQGSK\VLFDODQKHGRQLDZKLFKLV
VXLWDEOH IRU KHDOWK\ VXEMHFWV DVZHOO DV IRU SDWLHQWV 6LQFH FKDOOHQJH WHVWV
ZLWK GRSDPLQHUJLF QRUDGUHQHUJLF DQG VHURWRQHUJLF VXEVWDQFHV KDYH EHHQ
XVHG WR LGHQWLI\DEQRUPDO WUDQVPLWWHU UHVSRQVHV LQSV\FKRSDWKRORJ\ WKHVH
ZHUH DOVR VXSSRVHG WR EH VXLWDEOH IRU VHSDUDWLQJ WKH WZR FRPSRQHQWV RI
DQKHGRQLDLQKHDOWK\VXEMHFWV
0HWKRGV  PDOH KHDOWK\ VXEMHFWV ZHUH WHVWHG LQ D EDODQFHG FURVVRYHU
GHVLJQZLWKQRUDGUHQHUJLF1( PJUHER[HWLQHVHURWRQHUJLF+7 
PJFLWDORSUDPDQGGRSDPLQHUJLF'$ PJEURPRFULSWLQHVWLPXOD
WLRQ+RUPRQH UHVSRQVHVZHUHPHDVXUHGDQG UHODWHG WR WKHTXHVWLRQQDLUH
EDVHG VFDOH VFRUHV RI VRFLDO DQG SK\VLFDO DQKHGRQLD 3URODFWLQ '$ DQG
FRUWLVRO1(DQG+7UHVSRQVHFXUYHVZHUHGLFKRWRPL]HGRQDQLQGLYLGXDO
EDVLVLQWRKLJKDQGORZDVZHOODVHDUO\DQGODWHUHVSRQGHUV
5HVXOWV RQEWDLQHG E\ DQDO\VHV RI YDULDQFH UHYHDOHG WKDW VRFLDO DQKHGRQLD
ZDV FKDUDFWHUL]HGE\ DQ LQWHUDFWLRQRI ORZ+7 DQG ORZ'$UHVSRQVHV
ZKHUHDV VXEMHFWV ZLWK SK\VLFDO DQKHGRQLD UHVSRQGHG E\ KLJK DQG HDUO\
FRUWLVRO UHOHDVH WR WKH1( XSWDNH LQKLELWRU DQG E\ ORZ DQG ODWH SURODFWLQ
UHVSRQVHVWRWRWKH'$DJRQLVWEURPRFULSWLQH
&RQFOXVLRQV5HVXOWVVHHPWRLQGLFDWHWKDWKLJKKRUPRQHUHVSRQVHVWRUH
ER[HWLQHREVHUYHGLQGHSUHVVHGSDWLHQWV&KDUQH\HWDODQGGHSUHVVLYH
KHDOWK\VXEMHFWV+HQQLJHWDOSUREDEO\GXHWRUHFHSWRUVXSHUVHQVL
WLYLW\PDLQO\UHSUHVHQWWKHFRPSRQHQWRISK\VLFDODQKHGRQLDZKLFKLQDG
GLWLRQLVFKDUDFWHUL]HGE\ORZLQFHQWLYHPRWLYDWLRQIRUUHZDUGLQGLFDWHGE\
WKHORZGRSDPLQHUJLFDFWLYLW\ZKHUHDVVRFLDODQKHGRQLDVHHPVWRLQGLFDWH
ORZSURGXFWLRQRI VHURWRQLQ FKDUDFWHULVWLF RI SV\FKRSDWK\ LQ FRPELQDWLRQ
ZLWKORZGULYHORZGRSDPLQHUJLFDFWLYLW\6RDFRPELQDWLRQRIWUDQVPLWWHU
FKDOOHQJH WHVWV LV VXLWDEOH WR VHSDUDWH VXEFRPSRQHQWV RI DQKHGRQLD RQ D
QHXURFKHPLFDOEDVLV
5HIHUHQFHV
&KDSPDQ /- &KDSPDQ -3 	5HXOLQ0/  6FDOHV IRU SK\VLFDO DQG
VRFLDODQKHGRQLD-RXUQDORI$EQRUPDO3V\FKRORJ\
&KDUQH\ '6 +HQLQJHU *5 6WHUQEHUJ '( +DIVWDG .0 *LGGLQJV 6
/DQGLV'+$GUHQHUJLFUHFHSWRUVHQVLWLYLW\LQGHSUHVVLRQ(IIHFWVRI
FORQLGLQH LQ GHSUHVVHG SDWLHQWV DQG KHDOWK\ VXEMHFWV$UFKLYHV RI*HQHUDO
3V\FKLDWU\
+HQQLJ-/DQJH1+DDJ$5RKUPDQQ61HWWHU35HER[HWLQHLQD
QHXURHQGRFULQH FKDOOHQJH SDUDGLJP HYLGHQFH IRU KLJK FRUWLVRO UHVSRQVHV
LQ KHDOWK\ YROXQWHHUV VFRULQJ KLJK RQ VXEFOLQLFDO GHSUHVVLRQ,QWHUQDWLRQDO
-RXUQDORI1HXURSV\FKRSKDUPDFRORJ\
32
7UDQVPLVVLRQRI9LROHQW2IIHQGLQJLQ7KUHH*HQHUDWLRQV
$QX3XWNRQHQ
8QLYHUVLW\RI.XRSLR1LXYDQQLHPL+RVSLWDO)LQODQG
5\\QlQHQ2OOL3HNND(URQHQ0DUNNX7LLKRQHQ-DUL
%DFNJURXQG&ODVVLFDOIDPLO\VWXGLHVKDYHGHPRQVWUDWHGDQDVVRFLDWLRQEH
WZHHQSDUHQWDOFULPLQDOFRQYLFWLRQVDQGRIIVSULQJSURSHUW\RIIHQGLQJDOVR
DPRQJFKLOGUHQZKRZHUHDGRSWHGDZD\VRRQDIWHUELUWKEXWQRWEHWZHHQ
SDUHQWDODQGRIIVSULQJYLROHQWFULPLQDOLW\%HKDYLRUDOJHQHWLFVWXGLHVKDYH
VXJJHVWHGWKDWDQLQGLYLGXDO¶VJHQRW\SHPD\PRGLI\WKHHIIHFWRIHQYLURQ
PHQWDO ULVN IDFWRUV LQ WKH GHYHORSPHQW RI DQWLVRFLDO EHKDYLRU DQG YLROHQW
FULPLQDOLW\:HKDYHSUHYLRXVO\UHSRUWHGWKDWLWZDVSRVVLEOHWRHYDOXDWHWKH
TXDQWLWDWLYHULVN25RIYLROHQWFULPLQDOLW\DPRQJWKHRIIVSULQJRIDWRWDO
VDPSOHRIKRPLFLGHUHFLGLYLVWVFRQYLFWHG LQ)LQODQGGXULQJ WKLUWHHQ\HDUV
,WZDVKRZHYHUXQFOHDULIWKHKLJKULVNIRUYLROHQWRIIHQGLQJIRXQGLQWZR
JHQHUDWLRQV³RULJLQDWHG´IURPHDUOLHUJHQHUDWLRQV
2EMHFWLYHV7RVWXG\ WKH25SUHYDOHQFHDQGTXDOLW\RIYLROHQWRIIHQGLQJ
DQG RI DQ\ FULPLQDO RIIHQGLQJ DPRQJ WKH SDUHQWV WKH VW JHQHUDWLRQ RI
KRPLFLGH UHFLGLYLVWV +5 WKH QG JHQHUDWLRQ DQG WR FRPSDUH WKH UHVXOWV
WRWKHSUHYLRXVUHVXOWVRIWKHFKLOGUHQWKHUGJHQHUDWLRQRIWKHVDPH+5
VXEMHFWV
0HWKRGV7KH+5 VXEMHFWV 1 ZHUH IRXQG IURP WKH WRWDO SRSXODWLRQ
RIKRPLFLGHRIIHQGHUVFRQYLFWHGLQ)LQODQGGXULQJ7KHLU
SDUHQWV1 DQGWKHPDWFKHGFRQWUROV1 ZHUHVHDUFKHGIURPSRSX
ODWLRQUHJLVWHUVDQGWKHFULPLQDOUHFRUGVDQGSULVRQGRFXPHQWVZLWKIRUHQVLF
SV\FKLDWULFGDWDZHUHFROOHFWHG2GGVUDWLRVFRQ¿GHQFHLQWHUYDOV&,
DQGWKHSUHYDOHQFHRIWKHLQGLYLGXDOVUHJLVWHUHGRIYLROHQWFULPHRURIDQ\
FULPHZHUH FDOFXODWHG DQG DOO GDWDZHUH FRPSDUHGZLWK SUHYLRXV UHVXOWV
IURPWKHRIIVSULQJ1 DQGWKHLUFRQWUROV1 
5HVXOWV7KHSUHYDOHQFHRIYLROHQWFULPLQDOLW\YVFRQWUROVZDVYV
DPRQJWKHSDUHQWVDQGYVDPRQJWKHFKLOGUHQRI+5
DQG RI DQ\ FULPLQDOLW\  YV  DPRQJ WKH SDUHQWV DQG 
YV  DPRQJ WKH RIIVSULQJ 7KH SDUHQWV KDG IROG ULVN &, 
S IRUYLROHQWFULPLQDOLW\DQGIROGULVNIRUDQ\FULPLQDOLW\
&,  S 1R SDUHQW KDG FRPPLWWHG VHYHUH YLROHQW FULPHV
RU VH[XDO FULPHV %HWZHHQ WKH VW DQG UG JHQHUDWLRQ WKH GLIIHUHQFH RI
SUHYDOHQFHRIERWKYLROHQWRIIHQGLQJDQGRIDQ\RIIHQGLQJWRFRQWUROVKDG
LQFUHDVHGVWDWLVWLFDOO\VLJQL¿FDQWO\
&RQFOXVLRQV7KHSDUHQWVRI+5KDGIROGULVNIRUFULPLQDOLW\EXWKDGQRW
FRPPLWWHGVHYHUHYLROHQWRIIHQFHVRUVH[XDORIIHQFHV7KHLUULVNIRUYLROHQW
FULPLQDOLW\ ZDV IROG EXW QRW VWDWLVWLFDOO\ VLJQL¿FDQWO\ LQFUHDVHG 7KH
SUHYDOHQFHRIYLROHQWRIIHQGLQJDQGRIDQ\RIIHQGLQJKDGLQFUHDVHGVLJQL¿
FDQWO\DIWHUWKLVJHQHUDWLRQ
5HIHUHQFHV
3XWNRQHQ$ 5\\QlQHQ 23  (URQHQ0  7LLKRQHQ - 7KH TXDQWLWDWLYH
ULVNRIYLROHQWFULPHDQGFULPLQDORIIHQGLQJ DFDVHFRQWUROVWXG\DPRQJ
WKHRIIVSULQJRIUHFLGLYLVWLF)LQQLVKKRPLFLGHRIIHQGHUV$FWD3V\FKLDWULFD
6FDQGLQDYLFD6XSSO
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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)LJXUH3UHYDOHQFHDQGRGGVUDWLR25RIYLROHQWRIIHQGHUVLQWKUHHJHQHUDWLRQV
32
3URVSHFWLYH(YDOXDWLRQRI1HXURPXVFXODU'\VIXQFWLRQLQ
3V\FKLDWULF3DWLHQWV
,O\D5H]QLN
3V\FKLDWU\'LYLVLRQ+HU]RJ0HPRULDO+RVSLWDO+DGDVVDK0HGL
FDO6FKRRO+HEUHZ8QLYHUVLW\-HUXVDOHP,VUDHO
/LRU9ROFKHN0LOD5H]QLN$EUDKDP:HL]PDQ+HUEHUW<0HOW]HU
2EMHFWLYHV 7UHDWPHQW ZLWK ERWK W\SLFDO 71 DQG DW\SLFDO QHXUROHSWLF
DJHQWV $1$KDYH EHHQ DVVRFLDWHGZLWK LQFUHDVHG VHUXPFUHDWLQH NLQDVH
6&. DFWLYLW\ (OHYDWHG 6&. OHYHOV UHSUHVHQWHGPRVWO\ DPXVFOH 00
IUDFWLRQ LVRHQ]\PHDFWLYLW\ VHUYHDVDQ LQGLFDWRURI WKHSRVVLEOH VNHOHWDO
PXVFOH FHOOPHPEUDQH GDPDJH7KHUHIRUH LW LV SRVVLEOH WKDW HOHYDWLRQ RI
6&.OHYHOVXQGHU71DQG$1$FRXOGEHDPDUNHURIWKHLUQHXURPXVFXODU
WR[LFLW\7KHSXUSRVHRI WKLVVWXG\ZDV WRHVWLPDWHSURVSHFWLYHO\ WKH6&.
DFWLYLW\LQSV\FKLDWULFSDWLHQWVWUHDWHGZLWK71$1$DQGWRHYDOXDWHWKHP
QHXURORJLFDOO\ IRU SRVVLEOH PXVFXODU DQG SHULSKHUDO QHUYRXV V\VWHPV LQ
YROYHPHQW
0HWKRGVDGXOWSV\FKLDWULFSDWLHQWVKDYHEHHQVFUHHQHG6XEMHFWVVXIIHU
LQJIURPDQ\FOLQLFDOO\VLJQL¿FDQWSK\VLFDOGLVRUGHURUUHFHLYLQJSDUHQWHUDO
PHGLFDWLRQVZHUHH[FOXGHG%ORRGVDPSOHVIRU&.GHWHUPLQDWLRQVZHUHFRO
OHFWHGDWEDVHOLQHZHHNO\GXULQJ¿UVWPRQWKDWDQGWKZHHNVDQGHYHU\
PRQWKVWKHUHDIWHUXSWRRQH\HDURIIROORZXS3DWLHQWVZLWKSHUVLVWHQWDW
OHDVW LQGHWHUPLQDWLRQVK\SHU&.HPLDZHUHDVVHVVHGQHXURORJLFDOO\IRU
SRVVLEOHPXVFXODUDQGSHULSKHUDOQHUYRXVV\VWHPVLQYROYHPHQW
5HVXOWV 6WXG\ JURXSZDV FRPSULVHG RI  SDWLHQWV UHFHLYLQJ FOR]DSLQH
Q RODQ]DSLQHQ ULVSHULGRQHQ TXHWLDSLQHQ KDORSHUL
GROQ RUSHUSKHQD]LQHQ (OHYHQSDWLHQWVWUHDWHGZLWKFOR]DSLQH
Q RODQ]DSLQHQ SHUSKHQD]LQHQ ZHUHIRXQGKDYLQJSHUVLVWHQW
K\SHU&.HPLD  ,8/ LQ UDQJH  ,8/ )LYH RI WKHVH
SDWLHQWV KDG FRPSODLQWV RI VRPHPXVFXODU ZHDNQHVV DQG LQ WZR RI WKHP
FOLQLFDODVVHVVPHQWUHYHDOHGPLOGJHQHUDOPXVFXODUZHDNQHVVHVSHFLDOO\LQ
WKHSUR[LPDOSDUWVRIWKHOLPEV
&RQFOXVLRQV7KHLQFLGHQFHRIWKHSHUVLVWHQWK\SHU&.HPLDLQRXUVDPSOH
ZDVZKLFKLVLQUDQJHUHSRUWHGSUHYLRXVO\EXWZLWKVPDOOHU
PDJQLWXGH$PRQJK\SHU&.HPLFSDWLHQWV WKHPDMRULW\ZHUH WUHDWHGZLWK
$1$ FOR]DSLQH DQG RODQ]DSLQH KRZHYHU RQO\ LQ IHZ RI WKHP VRPH
P\RSDWKLF VLJQVZHUH IRXQG)XUWKHU LQYHVWLJDWLRQRIQHXURPXVFXODU G\V
IXQFWLRQLWVPHFKDQLVPVDQGSDWKRSK\VLRORJLFDOVLJQL¿FDQFHLQSV\FKLDWULF
SDWLHQWVLVZDUUDQWHG
5HIHUHQFHV
0HOW]HU+<&ROD3$3DUVD00DUNHGHOHYDWLRQVRIVHUXPFUHDWLQH
NLQDVHDFWLYLW\DVVRFLDWHGZLWKDQWLSV\FKRWLFGUXJWUHDWPHQW1HXURSV\FKRS
KDUPDFRORJ\
5H]QLN,9ROFKHN/0HVWHU5.RWOHU06DURYD3LQKDV,6SLYDN%:HL]
PDQ$ 0\RWR[LFLW\ DQGQHXURWR[LFLW\GXULQJFOR]DSLQH WUHDWPHQW
&OLQLFDO1HXURSKDUPDFRORJ\
5H]QLN , 6SLYDN%.RWOHU0:HL]PDQ$0HOW]HU+< $QWLSV\
FKRWLFDJHQWVDQGVHUXPFUHDWLQHNLQDVHOHYHOV(XURSHDQ1HXURSV\FKRSKDU
PDFRORJ\6XSSO6
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2Q0RGDILQLO7KHUDS\RI1DUFROHSV\((*7RPRJUDSKLF
/25(7$DQG3V\FKRPHWULF&RUUHODWLRQ$QDO\VHV
*HUGD06DOHWX=\KODU]
'HSDUWPHQWRI3V\FKLDWU\0HGLFDO8QLYHUVLW\RI9LHQQD$XVWULD
+HULEHUW96HPOLWVFK0LFKDHO6DOHWX3HWHU$QGHUHU
'LHWPDU=LFN*HUGD%|FN%HUQG6DOHWX-RVHI=HLWOKRIHU
2EMHFWLYHV9LJLODQFHSURPRWLRQRIPRGD¿QLOZDVGHPRQVWUDWHGDVHDUO\DV
LQE\RXUSKDUPDFR((*VWXGLHVLQQRUPDOHOGHUO\VXEMHFWVDQGODWHU
E\FOLQLFDOWULDOVLQQDUFROHSV\5HFHQWO\XWLOL]LQJORZUHVROXWLRQEUDLQHOHF
WURPDJQHWLF WRPRJUDSK\/25(7$ZHVKRZHGDIXQFWLRQDOGHWHULRUDWLRQ
RI WKH IURQWRWHPSRURSDULHWDO QHWZRUN RI WKH ULJKWKHPLVSKHULF YLJLODQFH
V\VWHPLQQDUFROHSV\DQGDWKHUDSHXWLFHIIHFWRIPRGD¿QLOLQWKHOHIWKHPL
VSKHUHZKLFKLVOHVVDIIHFWHGE\WKHGLVHDVH7KHDLPRIWKLVVWXG\ZDVWR
LQYHVWLJDWHZKHWKHUYLJLODQFHFKDQJHVDW WKHQHXURSK\VLRORJLFDO OHYHOFRU
UHODWHZLWKFRJQLWLYHRUWK\PRSV\FKLFDOWHUDWLRQVDWWKHEHKDYLRUDOOHYHO
0HWKRGV((*/25(7$DQGSV\FKRPHWULFGDWDZHUHREWDLQHGLQQDU
FROHSWLFVEHIRUH DQG DIWHU ZHHNVRISODFHERRU PJPRGD¿QLO GDLO\
1RRSV\FKLF LQYHVWLJDWLRQV LQFOXGHG WKH 3DXOL 7HVW DQG FRPSOH[ UHDFWLRQ
WLPHWK\PRSV\FKLFPHDVXUHVWKH%I:HOOEHLQJ6FRUHWKH%HFN'HSUHVVLRQ
6FRUHWKH6WDWH7UDLW$Q[LHW\,QYHQWRU\DQGWKH9$6RIGULYHPRRGDIIHF
WLYLW\DQGZDNHIXOQHVV&ULWLFDOÀLFNHUIUHTXHQF\&))ZDVHYDOXDWHGWRR
5HVXOWV ,Q SV\FKRPHWU\ FRJQLWLYH SHUIRUPDQFH 3DXOL 7HVW ZDV VLJQL¿
FDQWO\EHWWHU DIWHUPRGD¿QLO WKDQDIWHUSODFHER7KHUHZHUHQR VLJQL¿FDQW
GLIIHUHQFHVLQUHDFWLRQWLPH&))RUWK\PRSV\FKLFYDULDEOHV$WWKHQHXUR
SK\VLRORJLFDO OHYHO/25(7$GHPRQVWUDWHG DQ LPSURYHPHQWRIYLJLODQFH
FKDUDFWHUL]HGE\DQLQFUHDVHLQIDVWDOSKDSRZHULQWKHIURQWRWHPSRUDODQG
VXEOREDUFRUWLFDOUHJLRQVRIWKHOHIWKHPLVSKHUHDEHWDSRZHULQFUHDVH
LQPDQ\EUDLQUHJLRQVSUHGRPLQDQWO\LQWKHOHIWKHPLVSKHULFWHPSRURSDUL
HWDODQGOLPELFFRUWLFHVDGHOWDDQGWKHWDSRZHUGHFUHDVHLQIURQWDOOREHVD
WKHWDSRZHU LQFUHDVH LQ WKH WHPSRURSDULHWDO UHJLRQRI WKH OHIWKHPLVSKHUH
DQGDGHOWDSRZHULQFUHDVHLQWKHOHIWSDULHWDOFRUWH[DQGLQWKHULJKWPRUH
WKDQWKHOHIWRFFLSLWDODQGOLPELFOREHV
&RUUHODWLRQDQDO\VHV UHYHDOHG WKDW DGHFUHDVH LQSUHIURQWDOGHOWDWKHWDDQG
DOSKD/25(7$SRZHUDQGLQDOSKDDQWHULRUL]DWLRQFRUUHODWHGZLWKDQLP
SURYHPHQWLQFRJQLWLYHSHUIRUPDQFH0RUHRYHUDSRVLWLYHFRUUHODWLRQZDV
IRXQGEHWZHHQGURZVLQHVVDQGWKHWDSRZHULQSDULHWDODQGPHGLDOSUHIURQWDO
UHJLRQVDQGEHWDDQGEHWDSRZHULQRFFLSLWDOUHJLRQV
&RQFOXVLRQV7KHPRGD¿QLOLQGXFHGLPSURYHPHQWRIYLJLODQFHREMHFWL¿HG
E\ HOHFWURSK\VLRORJLFDO QHXURLPDJLQJ LQ YDULRXV EUDLQ UHJLRQV FRUUHODWHG
ZLWK DQ LPSURYHPHQWRI FRJQLWLYHSHUIRUPDQFHDQGGD\WLPH VOHHSLQHVV DW
WKHEHKDYLRUDOOHYHO
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7KH&RPSDULVRQRI*HQHUDOL]HG$Q[LHW\'LVRUGHU
&KDUDFWHULVWLFVZLWK3DQLF'LVRUGHU
$UPDJDQ<6DPDQFL
%DNLUNR\7UDLQLQJDQG5HVHDUFK+RVSLWDOIRU3V\FKLDWULFDQG
1HXURORJLFDO'LVRUGHUV7XUNH\
6LQDQ2UKDQ+XVQX(UNPHQ
2EMHFWLYHV7KHVWXG\FRPSDUHVJHQHUDOL]HGDQ[LHW\GLVRUGHUV\PSWRPDQG
FKDUDFWHULVWLFIHDWXUHVWRSDQLFGLVRUGHU7KXVZHDWWHPSWGHOLQHDWHDFOHDU
ERXQGDU\EHWZHHQWKRVHWZRGLVRUGHUV
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
0HWKRGVFDVHVRIJHQHUDOL]HGDQ[LHW\GLVRUGHUZHUHFRPSDUHGZLWK
SDQLF GLVRUGHU FDVHV7KH UDQGRPL]HG VXEMHFWV ZHUH DVVHVVHG E\ 6&,'
3(1167$7(:255<48(67,211$,5(+$0$+$0'$1'67$,
$GLDJQRVHZDVEDVHGRQ'60,9FULWHULD
5HVXOWV7KHERWKJURXSVKDVJRWDKLJKGHJUHHRISDUHQWLQJSUREOHPV
DQGUHVSHFWLYHO\2QHWKLUGRIJURXSVKDGH[SHULHQFHGVHSDUDWLRQ
RU ORVV LQ WKHLU FKLOGKRRG7KH JURXSV KDG KLJK UDWLR RI SKRELDV  
DQG:HDOVRVWXGLHGWLPHDQGGLDJQRVLVFRQWLQXXP7KHJHQHUDOL]HG
DQ[LHW\ JURXS UHYHDOHG DQ[LHW\GHSUHVVLRQDQ[LHW\  DQ[LHW\
 RU GHSUHVVLRQDQ[LHW\  FRQWLQXXP:KLOVW JHQHUDOL]HG DQ[LHW\
JURXSZLWKDOFRKROGHSHQGHQFHVKRZVDOFRKRODQ[LHW\GHSUHVVLRQ
7KHUDWLRLVLIZHDGGDOFRKRO±GHSUHVVLRQDQ[LHW\DQGDOFRKRODQ[L
HW\ FRQWLQXXPRQ WRS RI DOFRKRODQ[LHW\GHSUHVVLRQ FRQWLQXXP:H WKLQN
WKHDOFRKROFDQUHVXOWLQJHQHUDOL]HGDQ[LHW\GLVRUGHURYHUWKHWLPH
7KHUHZDVQRVWDWLVWLFDOGLIIHUHQFHLQWHUPVRIDQ[LHW\IRFXVVXFKDVIDPLO\
SHUVRQDO KHDOWK HFRQRPLFZRUULHV DQG MRE VHFXULW\ 'HVSLWH WKH IDFW WKDW
WKHUHZDVQRVWDWLVWLFDOGLIIHUHQFHWKHERWKJURXSVKDGKLJKUDWLRRIVXLFLGDO
WKRXJKWVDQG7KHFRPRUELGLW\ZHUHKLJKDPRQJVWJHQHUDO
L]HGDQ[LHW\DQGJHQHUDOL]HGDQ[LHW\ZLWKDOFRKROGHSHQGHQFHJURXS0DMRU
GHSUHVVLRQ DQGVLQJOHSKRELD DQGVRFLDO
SKRELD   DQG   G\VWK\PLD DQG SDQLF GLVRUGHU
DQGDJRUDSKRELDDQG
:HDOVRVWXGLHGDQ[LHW\V\PSWRPVLQZKLFKWKHVLFNQHVVDQGZRPLWLQJZHUH
KLJKLQJHQHUDOL]HGDQ[LHW\JURXSDVRSSRVHGWREHH[SHFWHG,WKDVDVWDWLVWL
FDOO\PHDQLQJIXOOS GLIIHUHQFH
&RQFOXVLRQV:HVXJJHVWWKDWDOFRKROUHODWHGJHQHUDOL]HGDQ[LHW\GLVRUGHU
LVDVXLWDEOHGH¿QLWLRQIRUWKRVHZKRKDGJHQHUDOL]HGDQ[LHW\GLVRUGHUZLWK
DOFRKROGHSHQGHQFH
5HIHUHQFHV
6KHU/7KHUROHRIHQGRJHQHRXVRSLRLGV\VWHPLQWKHSDWKRJHQHVLVRIDQ[L
HW\GLVRUGHUV0HG+\SKRWKHVLV-XQ
<RQNHUV.$HWDO)DFWRUVSUHGLFWLQJWKHFOLQLFDOFRXUVHRIJHQHUDOL]HGDQ[L
HW\GLVRUGHUV%U-3V\FKLDWU\
32
&RQWURORI7\URVLQH+\GUR[\ODVHE\*$%$DQG&5+$IWHU
&KURQLF6WUHVV
'DLVXNH7DQDND
'HSDUWPHQWRI1HXURSV\FKLDWU\6W0DULDQQD8QLYHUVLW\6FKRRORI
0HGLFLQH-DSDQ
0LNLR$VDNXUD6KLJHWR.DQDL7DNXML+LVLQXPD
+LGHDNL1DJDVKLPD
/RFXVFRHUXOHXV/&LVWKHPDMRUFRPSRQHQWRIQRUDGUHQHUJLFQHXURQVLQWKH
EUDLQ7KHFRUWLFRWURSLQUHOHDVLQJKRUPRQH&5+DQGQRUHSLQHSKULQH1(
DUHVXJJHVWHGWRSOD\DUROHLQPRGXODWLQJWKHFHQWUDOVWUHVVUHVSRQVH&RQWURO
GH¿FLHQF\RIWKLVERWKPD\SDUWLFLSDWHLQWKHYDULRXVGLVHDVHVWDWHIRUPDWLRQ
LQGHSUHVVLRQ,QSUHYLRXVVWXG\ZHREVHUYHGDGHFUHDVHRIWKHEDVDOOHYHO
RIW\URVLQHK\GUR[\ODVH7+LPPXQRUHDFWLYLW\LULQWKH/&RIUDWVWUHDWHG
ZLWKFKURQLFYDULDEOHVWUHVV&96IRUGD\V)XUWKHUHPRUHDQRYHOVWUHVVRU
SURGXFHGDQHQKDQFHGUHVSRQVHRIWKH7+LUDIWHU&96,QWKHSUHVHQWVWXG\
ZHH[DPLQHGWKHHIIHFWRI&96RQWKHJOXWDPLFDFLGGHFDUER[\ODVH*$'
LU DFWLYLW\ RI SHULDTXHGXFWDO JUD\3$* SUHSRVLWXV K\SRJORVVL3U+ DQG
SHUL/&7KH*$'LUZDVVLJQL¿FDQWO\LQFUHDVHGLQ3U+DQGSHUL/&DIWHU
&967KHIRRWVKRFNLQGXFHGUHDFWLYLW\LQWKH*$'LUZDVGHFUHDVHGLQERWK
UHJLRQV DIWHU &960RUHRYHU ZH LQYHVWLJDWHG WKH LQÀXHQFH RI WKH &5+
UHFHSWRU DQWDJRQLVW DK&5+LFY RQ WKH&96LQGXFHG DFWLYDWLRQ RI WKH
7+LULQWKH/&7KHDK&5+LFYGLPLQLVKHGWKHHQKDQFHG7+UHDFWLYLW\
E\QRYHOVWUHVVRUDIWHU&962XUUHVXOWVVXJJHVWWKDWWKH*$%$DFWLYLW\LQ
SHUL/& DQG 3U+PLJKW UHJXODWH WKH /&7+ UHVSRQVH DQG DOVR WKH &5+
LQSXWIURPFHQWUDOQXFOHXVRIDP\JGDOD&H$DQGRUWKHEHGQXFOHXVRIVWULD
WHUPLQDOLV%167PLJKWUHJXODWHWKH7+UHDFWLYLW\
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2FXORPRWRU7DVN3HUIRUPDQFHLQ3DWLHQWVZLWK2&'
&KULVWRV7KHOHULWLV
$WKHQV8QLYHUVLW\0HGLFDO6FKRRO3V\FKLDWU\'HSDUWPHQW
(JLQLWLR+RVSLWDO*UHHFH
1LNRODRV6P\UQLV,RDQQLV(YGRNLPLGLV'LPLWULRV.5RXNDV
1LFKRODV&6WHIDQLV,RDQQLV&KDW]LPDQROLV
2EMHFWLYHV(YLGHQFHRIDEQRUPDOIXQFWLRQRIWKHRUELWRIURQWDOFRUWH[DQG
EDVDO JDQJOLD LQ SDWLHQWV ZLWK REVHVVLYHFRPSXOVLYH GLVRUGHU 2&' KDV
EHHQREVHUYHGLQQHXURLPDJLQJVWXGLHVDQGLQOHVLRQVWXGLHVLQWKHSHUIRUP
DQFHRIVPRRWKH\HSXUVXLWDQGJRDOJXLGHGVDFFDGLFH\HPRYHPHQWV,QWKLV
VWXG\ZH LQYHVWLJDWH WKH RFXORPRWRU SHUIRUPDQFH RI SDWLHQWVZLWK REVHV
VLYHFRPSXOVLYHGLVRUGHUDQGFRPSDUHWKDWZLWKWKHSHUIRUPDQFHRIDODUJH
SRSXODWLRQRIFRQWUROV
0HWKRGV7KLUWHHQ0DOH2&'SDWLHQWVDJHGSHUIRUPHGD VHULHVRI
RFXORPRWRU WDVNV YLVXDOO\JXLGHG VDFFDGH WDVN DQWLVDFFDGH WDVN (DFK
SDWLHQWZDVDOVRDVVHVVHGZLWKWKH<DOH%URZQ2EVHVVLYH&RPSXOVLYH6FDOH
<%2&6 ,Q WKH DQWLVDFFDGH WDVN ZH HVWLPDWHG WKH IUHTXHQF\ RI HUURU
SURVDFFDGHVWKHPHGLDQODWHQF\IRUFRUUHFWDQWLVDFFDGHVDQGHUURUSURVDF
FDGHVDQGLWVFRHI¿FLHQWRIYDULDWLRQ,QWKHVDFFDGHWDVNZHHVWLPDWHGWKH
PHGLDQODWHQF\DQGLWVFRHI¿FLHQWRIYDULDWLRQ7KHGDWDIURP2&'SDWLHQWV
ZHUHFRPSDUHGWRWKRVHRIDODUJHSRSXODWLRQRI\RXQJPHQRIWKHVDPHDJH
VSDQ
5HVXOWVWWHVWVEHWZHHQ2&'SDWLHQWVDQGWKHODUJHSRSXODWLRQPHQWLRQHG
DERYH VKRZHG QR VLJQL¿FDQW GLIIHUHQFHV LQ WKH PHGLDQ ODWHQF\ DQG WKH
FRHI¿FLHQWRIYDULDWLRQIRUYLVXDOO\JXLGHGVDFFDGHVHUURUSURVDFFDGHVDQG
FRUUHFWDQWLVDFFDGHV7KHSHUFHQWDJHRIHUURUSURVDFFDGHVZDVODUJHUIRUWKH
2&'JURXS  IRU WKH2&'JURXS DQG IRU WKH ODUJHSRSXODWLRQ
W S
&RQFOXVLRQV2&'SDWLHQWVKDYHDVSHFL¿FGH¿FLW LQWKHDQWLVDFFDGHWDVN
6LPLODUGH¿FLWVKDYHEHHQREVHUYHGLQSDWLHQWVZLWKVFKL]RSKUHQLDIDYRXU
LQJ WKHK\SRWKHVLVRIDVKDUHGSDWKRSK\VLRORJLFDODQGSUREDEO\QHXURDQD
WRPLFDOVXEVWUDWHIRUWKHVHWZRGLVHDVHHQWLWLHV
5HIHUHQFHV
 7 6 &RQVWDQWLQLGLV 1 6P\UQLV , (YGRNLPLGLV 1 & 6WHIDQLV '
$YUDPRSRXORV,*LRX]HOLV&16WHIDQLV(IIHFWVRIGLUHFWLRQRQ
VDFFDGLFSHUIRUPDQFHLQUHODWLRQWRODWHUDOSUHIHUHQFHV([SHULPHQWDO%UDLQ
5HVHDUFK±
 , (YGRNLPLGLV 1 6P\UQLV 76 &RQVWDQWLQLGLV 1& 6WHIDQLV
'$YUDPRSRXORV& 3D[LPDGLV&7KHOHULWLV&(IVWUDWLDGLV.DVWULQDNLV
*&16WHIDQLV7KHDQWLVDFFDGHWDVNLQDVDPSOHRI\RXQJ
PDOHV ,1RUPDO SRSXODWLRQ FKDUDFWHULVWLFV([SHULPHQWDO%UDLQ5HVHDUFK

  1 6P\UQLV , (YGRNLPLGLV 1& 6WHIDQLV 76 &RQVWDQWLQLGLV '
$YUDPRSRXORV&7KHOHULWLV&3D[LPDGLV&(IVWUDWLDGLV.DVWULQDNLV*&
16WHIDQLV7KHDQWLVDFFDGHWDVNLQDVDPSOHRI\RXQJPDOHV
,,(IIHFWVRIWDVNSDUDPHWHUV([SHULPHQWDO%UDLQ5HVHDUFK
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1HXURSV\FKLDWU\DQGWKHT6\QGURPH
:LOOHP9HUKRHYHQ
8QLYHUVLW\0HGLFDO&HQWUH(UDVPXV5RWWHUGDP1HWKHUODQGV
&RQQLHYDQ5DYHQVZDD\$UWV$QQHNHYDQ%HXUGHQ-RV(JJHU
6LHJIULHG7XLQLHU

2EMHFWLYHV7KHQHXURSV\FKLDWULFSKHQRW\SHRIWKHTV\QGURPHLVUDWKHU
REVFXUHVLQFHLWGHSHQGVRQWKHORFDWLRQDQGWKHVL]HRIWKHGHOHWLRQ0RUHR
YHU GHVFULSWLRQV RI SV\FKRSDWKRORJ\ DUH YHU\ OLPLWHG 7KH SKHQRW\SLFDO
SUHVHQWDWLRQRIWKHV\QGURPHLVGLIIHUHQWIRUGLVWDOSUR[LPDODQGLQWHUVWLWLDO
GHOHWLRQV0RVW SDWLHQWV SUHVHQW ZLWK D GLVWDO GHOHWLRQ ,Q DGGLWLRQ WR WKH
SUHVHQWFDVHRWKHUSDWLHQWVKDYHEHHQUHSRUWHGZLWKDFRPSDUDEOHLQWHUVWL
WLDOGHOHWLRQZLWKRXWKRZHYHUDSURSHUQHXURSV\FKLDWULFGHVFULSWLRQ
0HWKRGV$\HDUVROGVHYHUHO\PHQWDOO\UHWDUGHGPDOHZLWKDQLQWHUVWLWLDO
GHOHWLRQRITGHOHWLRQTTLVSUHVHQWHG+LVVRPDWLFKLVWRU\
LQFOXGHV UHFXUUHQW XSSHU DLUZD\ LQIHFWLRQV FRUUHFWLRQ RI D SDODWRVFKL]LV
DQGVXEOX[DWLRQRIWKHULJKWKLSZLWKDPLOGVFROLRVLV)URPWKHDJHRI
WKH SDWLHQW VKRZHG K\SHUDFWLYH DQG FKDRWLF EHKDYLRXU GLVWUDFWLELOLW\ DQG
VWHUHRW\SLFEHKDYLRXUDO VHTXHQFHV$W WKDW WLPHDSV\FKLDWULFGLDJQRVLVRI
DWWHQWLRQGH¿FLWK\SHUDFWLYLW\GLVRUGHUDQGDXWLVPZHUHFRQVLGHUHGDQGWKH
SDWLHQWZDVWUHDWHGVXEVHTXHQWO\ZLWKFDUEDPD]HSLQHPHWK\OSKHQLGDWHFOR
PLSUDPLQHDQGYDOSURLFDFLGUHVSHFWLYHO\DOOZLWKRXWDQ\HIIHFW1HXURSV\
FKLDWULFH[DPLQDWLRQGLGQRWFRQ¿UPWKHSUHYLRXVSV\FKLDWULFGLDJQRVHV
5HVXOWV+HSUHVHQWHGZLWKK\SHUDFWLYHSRRUO\JRDORULHQWHGRYHUUHDFWLYH
DQGFKDRWLFEHKDYLRXUEDGO\FRRUGLQDWHGPRYHPHQWVVHYHUHGLVWUDFWLELOLW\
DQG VHYHUDO IRUPV RI VWHUHRW\SHV EHKDYLRXU 7KH SDWLHQW DFWLYHO\ VRXJKW
SK\VLFDOFRQWDFWVKRZLQJFDSDFLW\IRUHPRWLRQDOLQWHUDFWLRQVZLWKRXWKRZ
HYHUDQ\LQVLJKWVHOIDSSUDLVDORUVLJQVRIGLIIHUHQWLDWHGPHQWDOSURFHVVHV
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
7KHUH ZHUH QR DEQRUPDOLWLHV LQ WKH UHJXODWLRQ RI PRRG DQG DQ[LHW\ DQG
QR VLJQV RI EL]DUUH LQFRPSUHKHQVLEOH EHKDYLRXU VXJJHVWLYH IRU SV\FKRWLF
H[SHULHQFHV
&RQFOXVLRQV 'HVSLWH WKH VXJJHVWHG JHQHWLF OLQNDJH EHWZHHQ ELSRODU DI
IHFWLYH GLVRUGHU DQG WKH T UHJLRQ RI FKURPRVRPH  QR FDVHVZLWK
ÀXFWXDWLQJDIIHFWLYHV\PSWRPVKDYHEHHQUHSRUWHG7KHV\PSWRPSUR¿OHRI
WKLVSDWLHQWGRHVQRWPHHW WKHFULWHULD IRU DXWLVPRU$'+'/LNH LQRWKHU
JHQHWLF GLVRUGHUV ZLWK PHQWDO UHWDUGDWLRQ WKH DSSOLFDWLRQ RI FDWHJRULFDO
WD[RQRPLHVLVLQDGHTXDWH7KHUHIRUHDFDUHIXOGHVFULSWLRQRIWKHEHKDYLRXUDO
DQG SV\FKRSDWKRORJLFDO SKHQRW\SH LV ZDUUDQWHG 6\PSWRPDWLF WUHDWPHQW
ZLWKDORZGRVHRIULVSHULGRQHLQFRPELQDWLRQZLWKDULJLGVWUXFWXUHUHVXOWHG
LQDUHGXFWLRQRIGLVLQKLELWHGEHKDYLRXUV
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3V\FKRVRFLDO$VSHFWVLQ'LDJQRVWLFVRI0HWDEROLF6\QGURPH"
($.KDXVWRYD
8NUDLQLDQ5HVHDUFK,QVWLWXWHRIVRFLDODQGIRUHQVLFSV\FKLDWU\DQG
GUXJDEXVH.LHY8NUDLQH
2EMHFWLYHV7KHDPRXQWRISV\FKRVRPDWLFGLVRUGHUVLQFUHDVHVHDFK\HDUWKH
ZRUOGRYHUKRZHYHU WKHZHOOWLPHGHIIHFWLYHPHDVXUHVRIGHFLVLRQRI WKLV
SUREOHPDUHDEVHQW7KHSV\FKRVRPDWLFDSSURDFKWRPHFKDQLVPRIVKDSLQJ
WKHPHWDEROLFV\QGURPH;LQGLFDWHVWKDWWKLVGLVHDVHLVWKHVWDWHRIDQ[LHW\
DQGIHDUKLGGHQDJJUHVVLRQDQGDOH[LWK\PLD7KHVWDJQDQWDQ[LHW\LVIRUPHG
XQGHULQÀXHQFHUHDORULPDJLQDWLYHIDFWVLQVXEFRQVFLRXVQHVVRISDWLHQW7KLV
SKHQRPHQRQLVGHVFULEHGLQSV\FKRORJLFDOOLWHUDWXUHDVGLVDVWURXVWKLQNLQJ
$VWKHDQVZHUWKHVXEFRQVFLRXVPHFKDQLVPVLQFOXGHHYROXWLRQDOO\MXVWL¿HG
UHDFWLRQRIHQVXULQJWKHIXWXUHHQHUJ\E\PHDQVRIVWRUDJHEHJLQVVKDSLQJ
WKHVRPDWLFFRPSRQHQWPHWDEROLFV\QGURPH;7KHUHDFWLRQRI IHDUVWDUWV
WKHDFWLYDWLRQRIV\PSDWKRDGUHQDOV\VWHPLQUHVSRQVHWRVWUHVVKHUHXQGHULW
VWLPXODWHVWKHGHYHORSPHQWRIFDUGLRYDVFXODUSDWKRORJ\
0HWKRGV:HGHVLJQHGÄ0XOWLPRGDOFDUGRIH[DPLQDWLRQRISV\FKRVRPDWLF
SDWLHQW³ IRU LQYHVWLJDWLQJ WKH SV\FKRVRFLDO IDFWRUV RIPHWDEROLF V\QGURPH
;7KHUHZHUHLQYHVWLJDWHGSDWLHQWV&RQWUROJURXSKDYHIRUPHGIURP
SHRSOHZLWKRXWWKHVLJQVRIPHWDEROLFV\QGURPHWKHQRUPDOZHLJKWDUWHWLDO
SUHVVXUHWROHUDQFHWRJOXFRVH
5HVXOWVSDWLHQWVKDGWKHLQFRPSOHWHVHWRIVLJQV0&;DUWHULDOK\SHUWHQ
WLRQDQGRUYLRODWHGFDUERK\GUDWHH[FKDQJHDQGRUREHVLW\SDWLHQWVKDG
WKHIXOOVHWRIFOLQLFDOVLJQVRIPHWDEROLFV\QGURPH;DUWHULDOK\SHUWHQWLRQ
REHVLW\DQGEUHDFKRIFDUERK\GUDWHH[FKDQJH7KHDJHRISDWLHQWVZDVIURP
WR\HDUVROG7KHUHZHUHRIPHQDPRQJWKHLQYHVWLJDWHGSDWLHQWV
WKHTXDQWLW\RIZRPHQLQFUHDVHVE\IUHTXHQF\LQPHQRSDXVHSHULRG,WZDV
QRWHGWKHYDOXHRIVXFKSV\FKRVRFLDOIDFWRUVDVSUREOHPVRIDGDSWDWLRQRI
WXUQLQJIURPRQHOLIHF\FOHWRRWKHULQDGHTXDWHKRXVHKROGVXSSRUW
 VHQVDWLRQVRI ODFNRIGHELOLWDWLRQDQG UHVW  LQVXI¿FLHQW
SK\VLFDODFWLYLW\2XUGDWDSRLQWWRFKDQJHGWKHSDWWHUQRIKRXVH
KROGUHODWLRQVLQFKLOGKRRGLQDGHTXDWHSDUHQWDOSUHVVXUH
VXIIHULQJVHVRIVWURQJIHDULQFKLOGKRRG(SLVRGHVRIVWD\LQJLQWKH
UROHÄDJJUHVVRUYLFWLP³ZDVQRWHGLQWLPHVPRUHRIWHQWKDQLQFRQWURO
JURXS2XU GDWD DOORZ WR VHOHFW WKH JURXS RI SV\FKRVRFLDO IDFWRUVZKLFK
DUH VLJQL¿FDQW IRUPHWDEROLF V\QGURPH; IRU WKH IXUWKHU LQYHVWLJDWLRQ RI
HWKLRSDWKRJHQHVLFPHFKDQLVPV DQG GHWHUPLQDWLRQ RI ÄGDUWERDUGV³ RI SV\
FKRWKHUDSHXWLFDQGSV\FKRSKDUPDFRWKHUDSHXWLFLQWHUYHQWLRQ
&RQFOXVLRQV 7KHVH GDWD RQ RXU RSLQLRQ JLYHV WKH EDVH IRU SRVVLELOLW\
RI VKDSLQJ WKH FRPSUHKHQVLYH SURJUDPRI SV\FKRWKHUDSHXWLF DQG SV\FKR
KLJLHQLF WUDQVIRUPDWLRQ RI DFWXDO SHUVRQDO OLIH VWUDWHJLHV RI SDWLHQWV ZLWK
PHWDEROLF V\QGURPH ; IURP SRVLWLRQV RI SV\FKRVRPDWLF DSSURDFK ZLWK
FRUUHVSRQGLQJWRLQFUHDVLQJRITXDOLW\OLIH
32
$Q[LHW\DQG'HSUHVVLRQLQ3DWLHQWVZLWKDQ$XWRPDWLF
'HILEULOODWRU
)DQQ\-DFT
'HSDUWPHQWRISV\FKLDWU\5RXHQ8QLYHUVLW\+RVSLWDODQG/H
5RXYUD\+RVSLWDO,16(5085RXHQ)UDQFH
)RXOGULQ*$QVHOPH)6DYRXUH$7KLEDXW)
%DFNJURXQG 7KH LQWHUQDO FDUGLRYHUWHU GH¿EULOODWRUV ,&' KDYH VLJQL¿
FDQWO\LPSURYHGWKHWUHDWPHQWRIPDOLJQDQWYHQWULFXODUDUUK\WKPLDV1HYHU
WKHOHVVOLYLQJZLWKWKLVGHYLFHGRHVQRWVHHPWRLPSURYHWKHTXDOLW\RIOLIH
42/RISDWLHQWVZLWK,&'$FWXDOO\LQPRVWFDVHVVWXGLHVDVVHVVLQJWKH
UHODWLRQVKLSEHWZHHQDQ,&'LPSODQWDWLRQDQGWKHHPHUJHQFHRISV\FKLDWULF
V\PSWRPVDUHVXIIHULQJIURPPHWKRGRORJLFDOOLPLWDWLRQV
2EMHFWLYHV7KHSXUSRVHRIWKLVVWXG\ZDVWRDVVHVVWKHSUHYDOHQFHDQGWKH
VHYHULW\RIDQ[LHW\DQGGHSUHVVLRQ LQSDWLHQWVZLWKDQ ,&'K\SRWKHVL]LQJ
WKDWGLVFKDUJHVFDQLQGXFHSV\FKLDWULFV\PSWRPV
0HWKRGV  SDWLHQWV  ZLWK VKRFNV JURXS  DQG  ZLWKRXW VKRFNV
JURXSZHUHDVVHVVHG LQD UHWURVSHFWLYHVWXG\RQHPRQWKDW OHDVWDIWHU
LPSODQW RI DQ ,&' 7KH 0LQL ,QWHUQDWLRQDO 1HXURSV\FKLDWULF ,QWHUYLHZ
0,1,ZDVXVHGWRGLDJQRVHDQ[LHW\DQGGHSUHVVLYHGLVRUGHUV7KHSDWLHQWV
FRPSOHWHG WKH+RVSLWDO$Q[LHW\ DQG'HSUHVVLRQ 6FDOH +$' LQ RUGHU WR
DVVHVVWKHVHYHULW\RIDQ[LHW\DQGGHSUHVVLRQV\PSWRPV7KHLU42/ZDVDV
VHVVHGXVLQJWKHPHGLFDORXWFRPHVWXG\LWHP6KRUW)RUPKHDOWKVXUYH\
6)7KHWZRJURXSVZHUHQRWGLIIHUHQWLQWHUPVRIDJHVH[UDWLRW\SHRI
FDUGLRSDWK\FDXVHIRULPSODQWDQGVWDJHRIHYROXWLRQ
5HVXOWV)LUVWXVLQJWKH0,1,LWZDVREVHUYHGWKDWWKHSUHYDOHQFHRIDQ[L
HW\GLVRUGHUVHVSHFLDOO\*HQHUDO$Q[LHW\'LVRUGHU*$'DQGSDQLFGLVRU
GHUZLWKRUZLWKRXWDJRUDSKRELDZDVVLJQL¿FDQWO\KLJKHULQJURXS
DVFRPSDUHGZLWKJURXSS (YHQLIQRVLJQL¿FDQWGLIIHUHQFHLQ
SHUFHLYHG42/ZDVHYLGHQFHGEHWZHHQWKHWZRJURXSVXVLQJJOREDOVFRUHV
WKH42/LQJURXSZDVSRRUHU
)LQDOO\ XVLQJ WKH +$' GHSUHVVLYH V\PSWRPV VFRUHV ZHUH VLJQL¿FDQWO\
KLJKHU LQ JURXS   DV FRPSDUHG ZLWK JURXS  
S  DQ[LHW\ V\PSWRPV VFRUHVZHUHKLJKHU DOEHLW QRW VLJQL¿FDQWO\ LQ
JURXSDVFRPSDUHGZLWKJURXS
2YHUDOORXUUHVXOWVVKRZHGKLJKHUOHYHOVRIDQ[LHW\DQGGHSUHVVLYHV\PS
WRPV+$'DQGGHFUHDVHG42/6)LQJURXSDVFRPSDUHGWRJURXS
0RUHRYHULQJURXSWKHSUHYDOHQFHRI*$'DQGSDQLFGLVRUGHU0,1,
ZDVKLJKHU
&RQFOXVLRQV ([SRVLWLRQ WR UHSHDWHG HOHFWULF VKRFNV PD\ OHDG WR DQ LQ
FUHDVHGULVNRIV\PSWRPVRIDQ[LHW\DQGGHSUHVVLRQLOOXVWUDWLQJWKHWKHRU\
RIDQ[LHW\GHYHORSPHQWE\DYHUVLYHFODVVLFFRQGLWLRQLQJSURFHVVHV)XUWKHU
VWXGLHVHVSHFLDOO\SURVSHFWLYHVWXGLHVDUHQHHGHG
32
3RVWHU6HVVLRQ1R
32
7KH([SHULHQFHRI0HQWDO+HDOWK$PRQJ8QLYHUVLW\6WXGHQWV
-XOLH%DUORZ
,QWHUGLVFLSOLQDU\5HVHDUFK&HQWUHLQ+HDOWK&RYHQWU\8QLYHUVLW\
8.
&KULVWLQD+DPPRQG$QGUHZ7XUQHU
2EMHFWLYHV%HWZHHQRIVWXGHQWVZLOOQHHGSV\FKLDWULFFDUHEHIRUH
WKH\ OHDYH XQLYHUVLW\ 8QLYHUVLW\ FRXQVHOOLQJ VHUYLFHV DUH UHSRUWLQJ DQ
LQFUHDVHGQXPEHURIVWXGHQWVVHHNLQJKHOS+RZHYHUOLWWOHLVNQRZQDERXW
VWXGHQW DWWLWXGHV WRZDUGV RWKHUVZLWKPHQWDO KHDOWK SUREOHPV7KLV VWXG\
DLPVWRH[DPLQH&RYHQWU\8QLYHUVLW\VWXGHQWV¶DWWLWXGHVWRZDUGVDQGH[SH
ULHQFHRIPHQWDOKHDOWK
0HWKRGV'DWDZHUHFROOHFWHGYLDDQRQOLQHVXUYH\FRPSOHWHGE\VWX
GHQWVIURPDOO6FKRROVLH+HDOWKDQG6RFLDO6FLHQFHV$UWDQG'HVLJQ
0DWKHPDWLFDODQG,QIRUPDWLRQ6FLHQFHV(QJLQHHULQJDQG6FLHQFHDQG(Q
YLURQPHQW7KHVXUYH\UHSOLFDWHGWKH'+JHQHUDOSRSXODWLRQ0HQWDO
+HDOWK6XUYH\DQGH[DPLQHGDWWLWXGHVDQGH[SHULHQFHVRIPHQWDOKHDOWK
5HVXOWV7KHPHDQ DJHZDV\HDUV 6'  ZHUH IHPDOH DQG
ZHUHZKLWH7KHRYHUZKHOPLQJPDMRULW\RIVWXGHQWVKHOG WROHUDQWDW
WLWXGHVWRZDUGVSHRSOHZLWKPHQWDOKHDOWKFRQGLWLRQV,QJHQHUDOWKHPRVW
WROHUDQWDWWLWXGHVZHUHH[SUHVVHGE\PDWXUHZKLWHIHPDOHVWXGHQWVVWXG\LQJ
LQWKH6FKRRORI+HDOWKDQG6RFLDO6FLHQFHV6LPLODUSURSRUWLRQVRIIHPDOH
DQGPDOHVWXGHQWVKDGH[SHULHQFHGDQ[LRXVGHSUHVVHGPRRGV
RUSHUVRQDOSUREOHPVGXULQJWKHODVWPRQWKV+RZHYHUGLGQRWVHHN
KHOSIURPDQ\RQHZKHUHDVFRQVXOWHGD*3)ULHQGVZHUHWKHPRVWFRP
PRQVRXUFHRIVXSSRUWIROORZHGE\IDPLO\DQG*32QO\
FRQWDFWHGWKH8QLYHUVLW\FRXQVHOOLQJVHUYLFHV
&RQFOXVLRQV,QJHQHUDO&RYHQWU\8QLYHUVLW\VWXGHQWV¶WROHUDQFHRISHRSOH
ZLWKPHQWDOKHDOWKSUREOHPVZDVKLJKHUWKDQWKDWIRXQG'+0HQWDO+HDOWK
6XUYH\ 7KH SURSRUWLRQ RI VWXGHQWV UHSRUWLQJ SUREOHPV DSSHDUV KLJK DQG
ZDUUDQWVIXUWKHULQYHVWLJDWLRQ
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW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3XSLOORPHWU\DVD%LRORJLFDO0DUNHULQ&OLQLFDO
3V\FKRSK\VLRORJLFDO'LDJQRVWLFV
-RVHI*UQEHUJHU
'HSDUWPHQWRI3V\FKLDWU\0HGLFDO8QLYHUVLW\RI9LHQQDDQG
6RQGHUDQVWDOW0LWWHUVWHLJ$XVWULD
3DWULFN)URWWLHU5HLQKDUG(KHU%HUQG6DOHWX2WWR/HVFK
+HQULHWWH:DOWHU$OH[DQGHU'YRUDN0LFKDHO*UQEHUJHU
6RQMD.DSODQ+DQV6W|KU0LFKDHO5DLQHU
2EMHFWLYHV 3V\FKRVHQVRU\ VWLPXOL HJ HPRWLRQV VWLPXODWH WKH V\PSD
WKHWLF DQG LQKLELW WKH SDUDV\PSDWKHWLF V\VWHP 6LQFH WKH HDUO\ VHYHQWLHV
GLIIHUHQW LQYHVWLJDWLRQVKDYH WULHG WRSURYH WKH UROHRISXSLOODU\GLODWDWLRQ
DV DQ REMHFWLYH LQGLFDWRU IRU GLVFULPLQDWLQJ GLIIHUHQW SV\FKRSDWKRORJLFDO
JURXSV +RZHYHU GLVFUHSDQW ¿QGLQJV ± SUREDEO\ GXH WR PHWKRGRORJLFDO
ÀDZVGLVFRXUDJHGIXUWKHUUHVHDUFK
0HWKRGV ,Q WKH HLJKWLHV DQG QLQHWLHV VRSKLVWLFDWHG PHWKRGRORJ\ ZDV
GHYHORSHGWKDWLVQRZUHJXODUO\XVHGLQFOLQLFDOVHWWLQJV6XEMHFWV
DUHSUHVHQWHGSLFWXUHVRIDOFRKROLFEHYHUDJHVDQ[LRJHQLFVLWXDWLRQVHURWLF
VWLPXOLHWFIRUVHFIROORZHGE\DUHOD[DWLRQSKDVHRIIXUWKHUVHF'XULQJ
WKHVHREVHUYDWLRQSHULRGVSXSLOODU\PHDVXUHVLQFOXGLQJSXSLOODU\GLDPHWHU
DWEDVHOLQHODWHQF\DQGDPSOLWXGHRIWKHHYRNHGSXSLOODU\UHVSRQVHDQGLWV
KDOIOLIH)RXULHUDQDO\VLVRISXSLOODU\RVFLOODWLRQVHWFDUHREWDLQHG7KLV
HYDOXDWLRQSURFHVVLVUHSHDWHG¿YHWLPHV
5HVXOWV 6WDWLF DQG G\QDPLF SXSLOORPHWULF UHVXOWV ZHUH REWDLQHG IURP
SDWLHQWVZLWK DOFRKROGHSHQGHQF\GHPHQWLD DQ[LHW\GLVRUGHUVSHGRSKLOLD
DVZHOODVLQSDLQLQGXFWLRQGXULQJK\SQRVLVDQGLQWHUYHQWLRQVZLWKSV\FKRS
KDUPDFRORJLFDOVXEVWDQFHV
&RQFOXVLRQV7KHSXSLOODU\PHDVXUHVREWDLQHGUHÀHFWWKHSV\FKRSK\VLRORJL
FDOVWDWHRIWKHVXEMHFWDQGSURYLGHYDOXDEOHLQIRUPDWLRQIRUGLDJQRVWLFDQG
SURJQRVWLFSXUSRVHVLQSDWLHQWV
5HIHUHQFHV
*UQEHUJHU-/LQ]PD\HU/&HSNR+6DOHWX%3XSLOORPHWU\LQ
VWXGLHVRISV\FKRWURSLFVXEVWDQFHV$U]QHLP)RUVFK'UXJ5HV,

*UQEHUJHU-/LQ]PD\HU/*UQEHUJHU06DOHWX%3XSLOORPHWU\
LQFOLQLFDOSV\FKRSK\VLRORJLFDOGLDJQRVWLFVPHWKRGRORJ\DQGSURSRVDOVIRU
DSSOLFDWLRQLQSV\FKLDWU\,VU-3V\FKLDWU\5HODW6FL
*UQEHUJHU-3XSLOORPHWULHLQGHUNOLQLVFKSV\FKRSK\VLRORJLVFKHQ
'LDJQRVWLN6SULQJHU:LHQ1HZ<RUN
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7UHDWPHQWRI)RUHQVLF3DWLHQWVZLWK/RQJ$FWLQJ5LVSHULGRQH
$GHOKHLG.DVWQHU
)RUHQVLF:DUG:HOV$XVWULD
2EMHFWLYHV)RUHQVLFSDWLHQWVSRVHDVSHFLDOSUREOHPRIWHQFRPELQLQJSV\
FKLDWULFLOOQHVVDQGDJJUHVVLRQDQGWKHUHE\JHQHUDWLQJWKHQHHGIRUDFRQWURO
ODEO\DSSOLFDEOHHI¿FLHQWWUHDWPHQW)RUWKLVUHDVRQSDWLHQWVZHUHLQWKHSDVW
PRVWO\WUHDWHGZLWKLPGHSRWSUHSDUDWLRQVIURPW\SLFDOQHXUROHSWLFV:LWK
WKH LQWURGXFWLRQ RI WKH ORQJ DFWLQJ DW\SLFDO ULVSHULGRQH LP IRUPXODWLRQ
WKHUHLVQRZDQHZSUHSDUDWLRQDYDLODEOHWKDWIXO¿OOVDOOWKHDERYHPHQWLRQHG
UHTXLUHPHQWV
0HWKRGV'DWDIURPPDOHSDWLHQWVZHUHFROOHFWHGDQGVWKHHI¿FDF\DQG
WROHUDELOLW\RIWUHDWPHQWZDVHYDOXDWHGZLWK*$)DQG&*,VFRUHV3DWLHQWV
ZLWK RUDO ULVSHULGRQH ZHUH WKHQ FRPSDUHG ZLWK SDWLHQWV UHFHLYLQJ RWKHU
RUDODW\SLFDOVDQGSDWLHQWVUHFHLYLQJLPULVSHULGRQHZHUHFRPSDUHGZLWK
SDWLHQWVUHFHLYLQJW\SLFDOLPGHSRWVVWDWLVWLFV:LOFR[RQ0DQQ:KLWQH\
7HVW
$JH Q ,&'GLDJQRVLV Q &ULPH Q
  )  JULHYRXVERGLO\DVVDXOWPXUGHU 
  )  PHQDFH 
  )  WKHIWEXUJODU\ 
  )  DUVRQ 
  )  VH[XDOGHOLQTXHQF\ 
  WUHVSDVVLQJ 
LPPHGLFDWLRQQ LPGRVDJHPHGLDQPJ
LPLQWHUYDO
PHGLDQG RUDOPHGLFDWLRQQ
RUDOGRVDJH
PHGLDQPJG
5LVSHULGRQH   5LVSHULGRQH 
+DORSHULGRO   2ODQ]DSLQH 
=XFORSHQWKL[RO   &OR]DSLQH 
)OXSKHQD]LQ   4XHWLDSLQH 
)OXSHQWL[RO   =LSUDVLGRQH 
5HVXOWV,QWKHRUDOJURXS*$)±DQG&*,VFRUHVLPSURYHGVLJQL¿FDQWO\LQ
ERWKJURXSVZLWKRXWVLJQL¿FDQWGLIIHUHQFH
,QWKHLPJURXS*$)DQG&*,VFRUHVLPSURYHGLQERWKJURXSV7KHUHZDV
D VLJQL¿FDQWO\ KLJKHU UDWH RI LPSURYHPHQW LQ WKH ULVSHULGRQHJURXS DORQJ
ZLWKDVLJQL¿FDQWO\ORZHUUDWHRIVLGHHIIHFWV
,WHP PHGLDQLP5LVSHULGRQH PHGLDQW\SLFDOGHSRWV
&*,VHYHULW\  
&*,FKDQJH  
&*,HI¿FDF\  
&*,ULVNV  
*$)VWDUW  
*$)HQG  
*$)GLIIHUHQFH  
VLJQL¿FDQWRQQLYHDXREYLRXVWUHQG
'LVFXVVLRQDQG&RQFOXVLRQV:KHQLWFRPHVWRWUHDWLQJIRUHQVLFSDWLHQWV
FRQVLGHUDWLRQVLQFKRRVLQJWUHDWPHQWRSWLRQVRIWHQGRQRWRQO\LQFOXGHHI¿
FDF\RIWUHDWPHQWV\PSWRPFRQWURODQGVLGHHIIHFWVEXWDOVRWKHSRVVLELOLW\
WRDGPLQLVWHUWUHDWPHQWLQDUHOLDEOHFRQWUROODEOHPDQQHUZKLOHDWWKHVDPH
WLPHWDNLQJLQWRDFFRXQWSRRUFRPSOLDQFHDQGVDIHW\FRQVLGHUDWLRQV
%\FRPSO\LQJZLWKDOOWKHVHGHPDQGVULVSHULGRQHORQJODVWLQJLPSUHSDUD
WLRQRIIHUVDQLGHDOWUHDWPHQWRSWLRQIRUIRUHQVLFSDWLHQWV
2UDOULVSHULGRQHDQGRWKHUDW\SLFDORUDOQHXUROHSWLFVDUHHTXDOO\HI¿FLHQW
FRQFHUQLQJ V\PSWRPFRQWURO JHQHUDO LPSURYHPHQW ZKLOH VKRZLQJ ORZ
UDWHVRIVLGHHIIHFWV
5LVSHULGRQHLPLVVLJQL¿FDQWO\PRUHHI¿FLHQWWKDQW\SLFDOGHSRWVFRQFHUQ
LQJV\PSWRPFRQWUROJHQHUDOLPSURYHPHQWZKLOHVKRZLQJORZHUUDWHVRI
VLGHHIIHFWV
:KHQFKRRVLQJ D FRQWUROODEO\ DSSOLFDEOHPHGLFDWLRQ LV RISULPH LPSRU
WDQFHSDWLHQWVEHQH¿WIURPWKHXVHRIORQJDFWLQJULVSHULGRQH
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5REXVWQHVVRI6HQVLWL]DWLRQLQD0RGHO%LRORJLFDODQG&OLQLFDO
,PSOLFDWLRQVIRU1HXURSV\FKLDWULF'LVRUGHUV
0DUWLQ7RELDV+XEHU
'SWRI3V\FKLDWU\XQG3V\FKRWKHUDS\8QLYHUVLW\0DUEXUJ
*HUPDQ\
+DQV$OEHUW%UDXQ-UJHQ&KULVWLDQ.ULHJ
2EMHFWLYHV 6HQVLWL]DWLRQ LV GLVFXVVHG DV DQ LPSRUWDQW SKHQRPHQRQ SOD\
LQJDUROH LQQRUPDOSK\VLRORJ\EXWDOVRZLWKUHVSHFW WR WKH LQLWLDWLRQDQG
SURJUHVVLRQ RI D YDULHW\ RI QHXURSV\FKLDWULF GLVRUGHUV 3DLQ SURFHVVLQJ
VXEVWDQFHUHODWHG GLVRUGHUV DQG UHFXUUHQW DIIHFWLYH GLVRUGHUV DUH DPRQJ
WKHPRVWSURPLQHQWH[DPSOHV7KHUHOHYDQFHWRXQGHUVWDQGWKHG\QDPLFVRI
VHQVLWL]DWLRQSKHQRPHQDLVHPSKDVL]HGE\UHFHQW¿QGLQJVWKDWHYHQVLQJOH
VWLPXODWLRQVFDQLQGXFHORQJODVWLQJFKDQJHVLQELRORJLFDOV\VWHPVDVZHOODV
LQFOLQLFDOFRQGLWLRQV$QLPSRUWDQWSUREOHPWKDQLVKRZDQGXQGHUZKLFK
FRQGLWLRQV VXFK ELRORJLFDO DQGRU FOLQLFDO V\VWHPV EHFRPH VHQVLWL]HG LQ D
VWDEOHDQGUREXVWZD\GHVSLWHSHUWXUEDWLRQV
0HWKRGV2QHZD\WRDGGUHVVWKLVVSHFL¿FSUREOHPLVWRXVHDFRPSXWDWLRQDO
DSSURDFKDQGGHYHORSDQGDQDO\]HVLPSOHEXWSK\VLRORJLFDOO\SODXVLEOHQX
PHULFDOPRGHOV,QWKHSUHVHQWVWXG\ZHH[DPLQHWKHUREXVWQHVVRIVHQVLWL]HG
DFWLYLW\ VWDWHV RI D QHWZRUN PRGHO ZLWK UHVSHFW WR GLIIHUHQW H[WHUQDO DQG
LQWHUQDOSHUWXEDWLRQV
5HVXOWV 2XU ¿QGLQJV LQGLFDWH WKDW VHQVLWL]DWLRQ PRGHOV UHSUHVHQWHG E\
SK\VLRORJLFDOO\ SODXVLEOH IHHGEDFN PHFKDQLVPV FDQ EHKDYH UHPDUNDEO\
UREXVW ZLWK UHVSHFW WR GLIIHUHQW SHUWXUELQJ VWLPXOL 7KLV HPSKDVL]HV WKH
DGYDQWDJHV RI VHQVLWL]DWLRQ G\QDPLFV XQGHU QRUPDO FRQGLWLRQV VXFK DV
OHDUQLQJDQGPHPRU\+RZHYHULWDOVRVKRZVWKHSRWHDQLWDOGHVDVWHUVXQGHU
SDWKRORJLFDO FRQGLWLRQV LH ZKHQ GUXJLQGXFHG RU JHQHUDWHG E\ GLVHDVH
HSLVRGHVHSLVRGHVHQVLWL]DWLRQ
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
&RQFOXVLRQV5HOHYDQFHVDQGFRQVHTXHQFHVIRUQHXURSV\FKLDWULFGLVRUGHUV
ZLOOEHGLVFXVVHG
5HIHUHQFHV
+XEHU 07 %UDXQ +$ .ULHJ -&  5HFXUUHQW DIIHFWLYH GLVRUGHUV
QRQOLQHDUDQGVWRFKDVWLFPRGHOVRIGLVHDVHG\QDPLFV,QW-%LIXUFDWLRQDQG
&KDRV
+XEHU07%UDXQ+$.ULHJ-&2QHSLVRGHVHQVLWL]DWLRQLQUHFXU
UHQW DIIHFWLYH GLVRUGHUV WKH UROH RI QRLVH1HXURSV\FKRSKDUPDFRORJ\ 
66
32
&KDUDFWHULVWLFVRI$GGLFWV9LVLWHGD&RXQVHOLQJ&HQWHUIRU
'UXJ$EXVH
/\JHUL,OLRSRXORX
&RXQVHOLQJ&HQWHUIRU&RPEDWLQJ'UXJ$EXVH,RDQQLQD*UHHFH
9DVLOLV.RXWUDV6WHUJLRV7KRPRV(UDVPLD)LGL
.DOOLRSL.RPQLQRX
2EMHFWLYHV'UXJXVHUVDUH VHOI UHIIHUHG IRUFRXQVHOLQJ WR WKH&RXQVHOLQJ
&HQWHU$IWHUWKHLUPRWLYDWLRQDQGQHHGVHYDOXDWLRQXVHUVFDQHLWKHUEHUHI
IHUHGWRRWKHUSURJUDPVPRUHVXLWDEOHIRUWKHPRUDWWHQGRXURSHQVHVVLRQ
DGGLFWLRQWUHDWPHQWSURJUDPRQDQLQGLYLGXDOEDVLV1RPHGLFLQWUHDWPHQWLV
DGPLQLVWHUHGDQGWKHIUHTXHQF\RIWKHVHVVLRQVLVDGMXVWHGWRWKHQHHGVRIWKH
LQGLYLGXDOV)DPLO\WKHUDS\LVDOVRRIIHUHGZKHQHYHUQHHGHG
0HWKRGVGUXJXVHUVPDOHIHPDOHYLVLWHGWKH&RXQ
VHOLQJ&HQWHUGXULQJ WKHSHULRG±7KHGDWDZHUHFROOHFWHGDF
FRUGLQJWRWKHSURWRFRORI(0&'$
5HVXOWV6WXGLQJWKHPDLQVRFLDOGHPRJUDSKLFVFKDUDFWHULVWLFVRIXVHUVYLV
LWHGWKH&RXQVHOLQJ&HQWHUZHFDQVHHWKDWPRVWRIWKHPDUHEHWZHHQ
± \HDUV ROG ,Q WKHLUPDMRULW\ WKH\KDGJUDGXDWHG IURPJ\PQDVLXP
RUO\FHXP7KHJUHDWSHUFHQWDJHRIWKHPDUHOLYLQJZLWK
WKHLUSDUHQWVRUZLWKWKHLUVSRQVHRUFRKDELW$OPRVWDOORI
WKHPKDYHSHUPDQHQW UHVLGHQFH 7KH\ DUH XQHPSOR\HG LQ D UDWH
RIDQGRIWKHPKDGSUREOHPVZLWKWKHODZLQWKHSDVW7KH
DYHUDJHDJHRI¿UVWGUXJXVHLV\HDUVROGDQGWKHPDLQVXEVWDQFHVXVHGDUH
KHURLQDQG.DQQDELV
&RQFOXVLRQV&RPSDULQJWKHVHGDWDZLWKGDWDIURPDOORYHU*UHHFHZHVHH
WKDWWKHDYHUDJHDJHRI¿UVWGUXJXVHLVORZHUWKHUHDUHQRVWUHHWXVHUVDQG
PRUHXVHUVVHHNKHOSIRUGUXJVRWKHUWKDQKHURLQ,QDGGLWLRQWKH\DUHLQD
KLJKHUSURSRUWLRQHPSOR\HGDQGKDYHDKLJKHUHGXFDWLRQDOOHYHO
5HIHUHQFHV
(.7(31 $TXDO5HSRUWDEDXWGUXJDQGDOFRKROVLWXDWLRQ LQ
*UHHFH
. (7+($  6RFLDOGHPRJUDSKLFV&KDUDFWHULVWLFV DQG GUXJ XVH
FRQGLWLRQVRIWKHLQGLYLGXDOVUHIIHUHGWRWKH&RXQVHOLQJ&HQWHUVRI.(7+($
WKHSHULRG±
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3UHVFULSWLRQRI1DOWUH[RQHWR+HURLQ8VHUVLQDQ,QGLYLGXDO
3URJUDP
/\JHUL,OLRSRXORX
&RXQVHOLQJ&HQWHUIRU&RPEDWLQJ'UXJ$EXVH,RDQQLQD*UHHFH
9DVLOLV.RXWUDV(UDVPLD)LGL.DOOLRSL.RPQLQRX
6WHUJLRV7KRPRV
2EMHFWLYHV1DOWUH[RQHZDVSUHVFULEHGWRKHURLQDGGLFWHGXVHUVDVDSDUWRI
DQRXWSDWLHQWWUHDWPHQWSURJUDPLQFOXGLQJLQGLYLGXDOSV\FKRWKHUDS\
0HWKRGV'XULQJDSHULRGRIPRQWKVKHURLQDGGLFWHGSDWLHQWVZHUHLQL
WLDWHGWRWKHWUHDWPHQWSURJUDP7KHSDWLHQWVVHOHFWHGWRDWWHQGWKHSURJUDP
KDGDOUHDG\PDGHDWOHDVWRQHXQVXFFHVIXOGUXJIUHHWUHDWPHQWDWWHPSWKDG
DKLVWRU\RIUHFHQWHPSR\PHQWDQGZHUHVWURQJO\PRWLYDWHGWRDEVWDLQIURP
WKHXVHRIDQ\NLQGRIVXEVWDQFHLQFOXGLQJDOFRKROVRFLDOXVHRIDOFRKRO
LVSHUPLWHG
1DOWUH[RQHLVSUHVFULEHGLQDGRVHRIPJGD\DQGLWVLQJHVWLRQVKRXOG
EHPRQLWRUHGDWOHDVWGXULQJWKHHDUO\VWDJHRIWKHWUHDWPHQW7KHUHIRUHLWLV
LPSRUWDQWWRLQYROYHVLJQL¿FDQW¿JXUHVLQWKHSDWLHQW¶VOLIHWRREVHUYHWKH
LQJHVWLRQ RI QDOWUH[RQH$W WKH VDPH WLPH WKH XVHU DWWHQGV WKH RXWSDWLHQW
WUHDWPHQWSURJUDP LQFOXGLQJ LQGLYLGXDO VHVVLRQV WZLFH DZHHN DQG IDPLO\
LQWHUYDWLRQZKHQHYHULVQHHGHG
5HVXOWV,QDSHULRGRIPRQWKVWZRSDWLHQWVRIWKHJURXSZHUHWDNLQJ.DQ
QDELVDOFRKRODQGEHQ]RGLD]HSLQHVWRJHWKHUZLWKQDOWUH[RQH2QHRIWKHP
GURSSHGRXWDQGWKHRWKHUVWRSSHGDQ\VXEVWDQFHXVHDQGFRQWLQXHGWRIROORZ
WKHSURJUDP
&RQFOXVLRQV7KHXVHRIGUXJVRWKHUWKDQKHURLQLQFOXGLQJDOFRKROGXULQJ
WDNLQJQDOWUH[RQHLVKLJKULVNIDFWRUIRUGURSRXW,WVHHPVWKDWQDOWUH[RQHLV
LGHDOIRUXVHLQSUHYHQWLQJUHODSVHWRKHURLQXVHDVKHURLQVHOIDGPLQLVWUD
WLRQLVQRORQJHUUHZDUGLQJDQGDGGLFWHGLQGLYLGXDOVVWRSWDNLQJKHURLQHYHQ
ZKHQ LW LV DYDLODEOH ,W ¶V HIIHFWLYHQHVV LV KLJKHU DPRQJ VWURQJPRWLYHWHG
SRSXODWLRQV
5HIHUHQFHV
$OEDQHVH$3*HYULW]&2SSHQKHLP%HWDO2XWFRPHDQGVL[PRQWKVIRO
ORZXSRISDWLHQWVDIWHUXOWUDUDSLGRSLDWHGHWR[L¿FDWLRQ852'-$GGLFW
'LV±
7HQQDQW)5DZVRQ5&RKHQ$HWDO$FOLQLFDOH[SHULHQFHZLWKQDOWUH[RQH
LQVXEXUEDQRSLRLGDGGLFWV-&OLQ3V\FKLDWU\XV±
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&UHDWLQH7UHDWPHQWLQ3V\FKLDWULF'LVRUGHUV
$OH[.DSWVDQ
%HHUVKHYD0HQWDO+HDOWK&HQWHU,VUDHO
-RVHSK/HYLQH$OH[2GHVVN\5+%HOPDNHU
2EMHFWLYHV&UHDWLQHSOD\VDSLYRWDOUROHLQEUDLQHQHUJ\KRPHRVWDVLVEHLQJ
D WHPSRUDODQGVSDWLDOEXIIHU IRUF\WRVROLFDQGPLWRFKRQGULDOSRROVRI WKH
FHOOXODUHQHUJ\FXUUHQF\DGHQRVLQHWULSKRVSKDWH:\VV	.DGGXUDK
&UHDWLQHVXSSOHPHQWDWLRQLVZLGHO\XVHGLQHQKDQFLQJVSRUWVSHUIRUPDQFH
DQG KDV EHHQ WULHG LQ WKH WUHDWPHQW RI QHXURORJLFDO QHXURPXVFXODU DQG
DWKHURVFOHURWLF GLVHDVHZLWK D SDXFLW\ RI VLGH HIIHFWV 3HUVN\	%UD]HXD

0HWKRGV'HFKHQWHWDODQG/\RRHWDOVWXGLHGWKHHIIHFWRI
RUDOFUHDWLQHVXSSOHPHQWDWLRQIRUVHYHUDOZHHNVGHPRQVWUDWLQJDVWDWLVWLFDOO\
VLJQL¿FDQW LQFUHDVH RI PHDQ FRQFHQWUDWLRQ RI WRWDO FUHDWLQH DFURVV EUDLQ
UHJLRQV.LHEXUW]HWDODUHFXUUHQWO\FRQGXFWLQJDGRXEOHEOLQGFOLQLFDOWULDO
RIFUHDWLQHLQDPEXODWRU\+XQWLQJWRQGLVHDVHVXEMHFWV.LHEXUW]HWDODUH
FXUUHQWO\ DOVR FRQGXFWLQJ D PXOWLFHQWHU GRXEOH EOLQG VWXG\ RI FUHDWLQH
LQ SDWLHQWV ZLWK 3DUNLQVRQµV GLVHDVH IXQGHG E\ WKH 1DWLRQDO ,QVWLWXWH RI
1HXURORJLFDO 'LVRUGHUV DQG 6WURNH 1,1'6 5HFHQWO\ 5DH HW DO 
UHSRUWHG WKDW FUHDWLQH VXSSOHPHQWDWLRQKDGD VLJQL¿FDQWSRVLWLYHHIIHFWRQ
ERWKZRUNLQJPHPRU\ EDFNZDUGGLJLW VSDQ DQG5DYHQµV$GYDQFHG3UR
JUHVVLYH0DWULFHV
5HVXOWV7KHVH¿QGLQJVVXJJHVWDUROHRIEUDLQHQHUJ\FDSDFLW\LQLQÀXHQF
LQJ EUDLQ FRJQLWLYH SHUIRUPDQFH DQG WKDW FUHDWLQH YLD LWV HIIHFWV RQ EUDLQ
HQHUJ\PHWDEROLVPPD\H[HUWEHQH¿FLDOHIIHFWVRQFRJQLWLRQ$OWHUDWLRQVLQ
EUDLQ KLJKHQHUJ\ SKRVSKDWHPHWDEROLVP GHWHUPLQHG E\ LQ YLYRPDJQHWLF
UHVRQDQFH VSHFWURVFRS\ KDYH EHHQ UHSRUWHG LQ VXEMHFWVZLWK D QXPEHU RI
EUDLQ GLVRUGHUV LQFOXGLQJ PDMRU GHSUHVVLRQ ELSRODU GLVRUGHU DQG VFKL]R
SKUHQLDDPRQJRWKHUV7KHVHGDWDUDLVHWKHSRVVLELOLW\RIGHYHORSLQJDQHZ
WKHUDSHXWLFVWUDWHJ\LQWKHVHGLVRUGHUV
&RQFOXVLRQV:HKDYHQRZLQLWLDWHGD1$56$'IXQGHGGRXEOHEOLQGFURVV
RYHU VWXG\ RI RUDO FUHDWLQH VXSSOHPHQWDWLRQ WR PRGLI\ EUDLQ KLJKHQHUJ\
PHWDEROLVPLQVFKL]RSKUHQLDH[DPLQLQJLWVHIIHFWRQFRJQLWLYHSHUIRUPDQFH
DVZHOODVRQSRVLWLYHDQGQHJDWLYHV\PSWRPDWRORJ\
32
7KH(IIHFWVRI0.RQWKH(5.3DWKZD\LQ5DW)URQWDO
&RUWH[
6H+\XQ.LP
'HSDUWPHQWRI3V\FKLDWU\6HRXO1DWLRQDO8QLYHUVLW\&ROOHJHRI
0HGLFLQH6RXWK.RUHD
<RQJ0LQ$KQ<RQJ6LN.LP
2EMHFWLYHV 0. DQ 10'$ UHFHSWRU DQWDJRQLVW LQGXFHV DFWLYDWHG
EHKDYLRULQDQLPDOVZKLFKKDVEHHQFRQVLGHUHGDVSV\FKRWRPLPHWLFHIIHFW
$QG(5.VKDYHEHHQVXJJHVWHGWRSOD\DQLPSRUWDQWUROHLQWKHSDWKRJHQHVLV
RIVFKL]RSKUHQLDDQGWKHDFWLRQRIDQWLSV\FKRWLFVDQGSV\FKRWRPLPHWLFV,Q
WKLVVWXG\ZHREVHUYHGSKRVSKRU\ODWLRQRIPROHFXOHVDVVRFLDWHGZLWK(5.
VLJQDOLQJSDWKZD\LQUDWEUDLQDIWHU0.LQWUDSHULWRQHDOLQMHFWLRQ
0HWKRGV 0. ZDV LQMHFWHG LQWR UDWV LQWUDSHULWRQHDOO\ DQG FRQWURO
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
DQLPDOV UHFHLYHG DQ HTXLYDOHQW YROXPH RI QRUPDO VDOLQH 7KH EUDLQ ZDV
GLVVHFWHGDQGWKHIURQWDOFRUWH[ZDVKRPRJHQL]HG7KHKRPRJHQDWHVZHUH
VHSDUDWHGE\6'63$*(,PPXQREORWWLQJZDVSHUIRUPHGWRGHWHUPLQHWKH
FKDQJHVLQWKHDPRXQWDQGWKHSKRVSKRU\ODWLRQVWDWXVRISURWHLQVZLWKVSH
FL¿FDQWLERGLHVWR(5.VLJQDOLQJSDWKZD\
5HVXOWV)URPWRPJNJRI0. WKHOHYHORI(5.PDUNHGO\
GHFUHDVHGFRPSDUHGWRYHKLFOHWUHDWPHQWLQUDWIURQWDOFRUWH[$WPJNJWKH
OHYHORI(5.SKRVSKRU\ODWLRQLQFUHDVHGFRPSDUHGWRWKHEDVHOLQHOHYHO
)URPWRPJNJSKRVSKRU\ODWLRQRI(5.GHFUHDVHGDJDLQ$QGUHGXF
WLRQRI(5.SKRVSKRU\ODWLRQZDVREVHUYHGIURPPLQDQGPDLQWDLQHG
XQWLOPLQDIWHUPJNJRI0. LQMHFWLRQ:LWKPJNJRI0.
LQFUHDVHG SKRVSKRU\ODWLRQ RI (5. ZDV DOVR REVHUYHG IURP PLQ WR
PLQ7KHSKRVSKRU\ODWLRQRI6HUF5DIDQG0(.VKRZHGVLPLODU
GRVHGHSHQGHQWDQGWHPSRUDOSDWWHUQV$QGWKHEHKDYLRUDOFKDQJHVRIUDWV
LQGXFHGE\0.VHHPVWRUHODWHZLWKWKHSDWWHUQVRISKRVSKRU\ODWLRQRQ
6HUF5DI0(.DQG(5.
&RQFOXVLRQV7KHHIIHFWVRI0.RQWKHSKRVSKRU\ODWLRQRI6HUF
5DI0(.(5. LV QRW XQLGLUHFWLRQDO DQG WKH(5.V VLJQDOLQJSDWK
ZD\ LQ UDW IURQWDO FRUWH[PD\EH UHODWHGZLWKEHKDYLRUDOFKDQJHV LQGXFHG
E\0.
5HIHUHQFHV
$QGLQH3:LGHUPDUN1$[HOVVRQ51\EHUJ*2ORIVVRQ80DUWHQVVRQ
(6DQGEHUJ0&KDUDFWHUL]DWLRQRI0.LQGXFHGEHKDYLRUDVD
SXWDWLYHUDWPRGHORISV\FKRVLV-RXUQDORI3KDUPDFRORJ\DQG([SHULPHQWDO
7KHUDSHXWLFV
.\RVVHYD 69 'LIIHUHQWLDO H[SUHVVLRQ RIPLWRJHQDFWLYDWHG SURWHLQ
NLQDVHVDQGLPPHGLDWHHDUO\JHQHVIRVDQGMXQLQWKDODPXVLQVFKL]RSKUHQLD
3URJ1HXURSV\FKRSKDUPDFRO%LRO3V\FKLDWU\
/X;+%UDGOH\5-'Z\HU'62ODQ]DSLQHSURGXFHVWURSKLFHIIHFWV
LQYLWURDQGVWLPXODWHVSKRVSKRU\ODWLRQRI$NW3.%(5.DQGWKHPL
WRJHQDFWLYDWHGSURWHLQNLQDVHS%UDLQ5HV
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3V\FKRPHWULF3URSHUWLHVRIWKH.RUHDQ9HUVLRQRI
WKH&RPSRVLWH6FDOHRI0RUQLQJQHVVLQ3DWLHQWVZLWK
6FKL]RSKUHQLD%LSRODU'LVRUGHUDQG+HDOWK\6XEMHFWV
6HRQJ&KDQJ.LP
6HRXO1DWLRQDO8QLYHUVLW\6RXWK.RUHD
<RQJ0LQ$KQ<RQJ6LN.LP
2EMHFWLYHV7RFRQ¿UPWKHJRRGLQWHUQDOSURSHUWLHVRIWKH.RUHDQYHUVLRQ
RIWKH&RPSRVLWH6FDOHRI0RUQLQJQHVV&60DQGWRFRPSDUHWKHVFRUHVLQ
SDWLHQWVZLWKVFKL]RSKUHQLDELSRODUGLVRUGHUDQGKHDOWK\VXEMHFWV
0HWKRGV  SDWLHQWV ZLWK VFKL]RSKUHQLD  ZLWK ELSRODU GLVRUGHU 
KHDOWK\ VXEMHFWV FRPSOHWHG &RPSRVLWH 6FDOH RI 0RUQLQJQHVV ZKLFK KDV
EHHQWUDQVODWHGLQWR.RUHDQ
5HVXOWV7KHVFDOH¶VUHOLDELOLW\ZDVKLJK&URQEDFK¶VD LQSDWLHQWV
ZLWKVFKL]RSKUHQLDLQELSRODUGLVRUGHUDQGLQKHDOWK\VXEMHFWV
7KH&60WRWDOVFRUHVZHUHQRUPDOO\GLVWULEXWHGDQGLQGHSHQGHQWRIJHQGHU
LQHDFKJURXS+HDOWK\VXEMHFWVKDGDVLJQL¿FDQWO\KLJKHUPHDQ&60WRWDO
VFRUHWKDQELSRODUSDWLHQWVS7KHUHZHUHQRVLJQL¿FDQWGLIIHUHQFHVLQ
WKHVFRUHEHWZHHQKHDOWK\VXEMHFWVDQGVFKL]RSKUHQLFVDQGEHWZHHQVFKL]R
SKUHQLFVDQGELSRODUSDWLHQWV
&RQFOXVLRQV7KH.RUHDQYHUVLRQRIWKH&60LVSV\FKRPHWULFDOO\UHOLDEOH
LQSDWLHQWVZLWKVFKL]RSKUHQLDELSRODUGLVRUGHUDQGKHDOWK\VXEMHFWV7KH
UHVXOWVVKRZWKDWWKHUHLVDVLJQL¿FDQWGLIIHUHQFHEHWZHHQKHDOWK\VXEMHFWV
DQG ELSRODU SDWLHQWV IRU FLUFDGLDQ SUHIHUHQFH 2XU ¿QGLQJV VXSSRUW WKH
K\SRWKHVLV WKDW ELSRODU GLVRUGHU LV VLJQL¿FDQWO\ DVVRFLDWHG ZLWK FLUFDGLDQ
UK\WKP )XUWKHU VWXGLHV DUH QHHGHG WR H[SORUH LWV ELRORJLFDO DQG JHQHWLF
FRUUHODWHV
5HIHUHQFHV
%URZQ )0  3V\FKRPHWULF HTXLYDOHQFH RI DQ LPSURYHG %DVLF /DQ
JXDJH 0RUQLQJQHVV %$/0 6FDOH XVLQJ LQGXVWULDO SRSXODWLRQ ZLWKLQ
FRPSDULVRQV(UJRQRPLFV
*UHHQZRRG.0/RQJWHUPVWDELOLW\DQGSV\FKRPHWULFSURSHUWLHVRI
WKH&RPSRVLWH6FDOHRI0RUQLQJQHVV(UJRQRPLFV
.RRN6+<RRQ-6/HH+<&URVVYDOLGDWLRQRIWKH.RUHDQ7UDQVOD
WLRQ RI &RPSRVLWH 6FDOH WR PHDVXUH PRUQLQJQHVVHYHQLQJQHVV - .RUHDQ
1HXURSV\FKLDWU$VVRF
6PLWK&65HLOO\&0LGNLII.(YDOXDWLRQRIWKUHHFLUFDGLDQUK\WKP
TXHVWLRQQDLUHVZLWKVXJJHVWLRQVIRUDQLPSURYHGPHDVXUHRIPRUQLQJQHVV-
$SSO3V\FKRO
<RRQ-66KLQ60.RRN6+/HH+<$SUHOLPLQDU\VWXG\RQ WKH
.RUHDQ7UDQVODWLRQRI&RPSRVLWH6FDOH WRPHDVXUHPRUQLQJQHVVHYHQLQJ
QHVV-.RUHDQ1HXURSV\FKLDWU$VVRF
7DEOH,QWHUQDOUHOLDELOLW\DQDO\VLVRIWKH.RUHDQYHUVLRQRIWKH&60
6FKL]RSKUHQLD
1 
%LSRODUGLVRUGHU
1 
&RQWURO
1 
,WHP1R &RUUHODWLRQVZLWKWRWDO $OSKD
&RUUHODWLRQV
ZLWKWRWDO $OSKD
&RUUHODWLRQV
ZLWKWRWDO $OSKD
,WHP      
,WHP      
,WHP      
,WHP      
,WHP      
,WHP      
,WHP      
,WHP      
,WHP      
,WHP      
,WHP      
,WHP      
,WHP      
&URQEDFK¶VĮ   
7DEOH&RPSDULVRQRIWKHEDVHOLQHFKDUDFWHULVWLFVDQG&60WRWDOVFRUHVPHDQ6'
QRUPDOLW\WHVWEHWZHHQJURXSV
6FKL]RSKUHQLD %LSRODUGLVRUGHU &RQWURO
SYDOXH
1 
0HDQ6'
1 
0HDQ6'
1 
0HDQ6'
$JH    
6H[PDOHIHPDOH    
&60WRWDOVFRUH   
SYV Á
SYV Á
SYV Á
6KDSLUR:LONWHVW : 
S 
: 
S 
: 
S 
$129$3HDUVRQ¶VFKLVTXDUHWHVWÁ,QGHSHQGHQWWWHVWS
SYVVFKL]RSKUHQLDYVELSRODUGLVRUGHUSYVVFKL]RSKUHQLDYVFRQWUROSYV
ELSRODUGLVRUGHUYVFRQWURO
7DEOH&RPSDULVRQRIWKH&60WRWDOVFRUHV0HDQ6'EHWZHHQJHQGHUJURXSV
0DOH )HPDOH W SYDOXH
6FKL]RSKUHQLD    
%LSRODUGLVRUGHU    
+HDOWK\FRQWURO    
,QGHSHQGHQWWWHVW
32
6HFRQG3ULPDU\LQ$QWL0D3RVLWLYH3DUDQHRSODVWLF/LPELF
(QFHSKDOLWLV
7KRPDV/H\KH
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\RI
7ELQJHQ*HUPDQ\
56FKOH)6FKZlU]OHU7*DVVHU7+DDUPHLHU
2EMHFWLYHV 3DUDQHRSODVWLF OLPELF HQFHSKDOLWLV 3/( LV FRQVLGHUHG DV
DXWRLPPXQH PHGLDWHG GLVRUGHU RI WKH QHUYRXV V\VWHP FKDUDFWHUL]HG E\
SHUVRQDOLW\FKDQJHVLUULWDELOLW\GHSUHVVLRQVHL]XUHVPHPRU\ORVVDQGGH
PHQWLDZKLFKLVDVVRFLDWHGZLWKGLIIHUHQWW\SHVRIWXPRXUVDQGRQFRQHXUDO
DQWLERGLHVPRVWO\ZLWKVPDOOFHOOOXQJFDQFHUDQGDQWL+XDQWLERGLHVRUZLWK
WHVWLFXODU WXPRUVDQGDQWL0DDQWLERGLHV$FDVH UHSRUWRIDSDWLHQWZLWK
0D0DSRVLWLYH3/(VKDOOHPSKDVL]HWKHQHFHVVLW\WRLQFOXGH3/(LQWKH
GLIIHUHQWLDOGLDJQRVLVRIGHPHQWLDWRVHDUFKIRUDQRWKHUQHRSODVLDLQSDWLHQWV
ZKRVH3/(GRHV QRW VWDELOL]H RU LPSURYH DIWHU HIIHFWLYH FDQFHU WUHDWPHQW
DQG WR XVH ZKROH ERG\ SRVLWURQ HPLVVLRQ WRPRJUDSK\ ZLWK ÀXRULQH
ÀXRURGHR[\JOXFRVH)'*3(7DVDGLDJQRVWLFWRROLQWKHVHFDVHV
0HWKRGV$FDVHUHSRUWZLOOEHSUHVHQWHG
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
5HVXOWV$  \HDU ROG UHWLUHG WHFKQLFLDQ ZDV DGPLWWHG WR RXU 0HPRU\
&OLQLFLQ0D\ZLWKPLOGGHPHQWLDEHJLQQLQJIRXU\HDUVSUHYLRXVO\,Q
DFDUFLQRPDRIWKHSURVWDWHKDGEHHQGLDJQRVHGDQGDSURVWDWHFWRP\
SHUIRUPHG7KH ODVW XURORJLFDO FRQWURO H[DPLQDWLRQ LQ0D\  KDG QRW
JLYHQ HYLGHQFH IRU UHFXUUHQFH RI WKH WXPRU7KH WHPSRUDO FRLQFLGHQFH RI
PHPRU\LPSDLUPHQWDQGWKHGHWHFWLRQRIWKHWXPRUSURPSWHGXVWRVHDUFK
IRUSDUDQHRSODVWLFDQWLERGLHVDQGDQWL0DDVZHOODVDQWL0DDQWLERGLHV
WXUQHGRXWWREHSRVLWLYHLQWKHVHUXPRIWKHSDWLHQW7KXVD3/(FRXOGEH
GLDJQRVHG%HFDXVHWKHFRJQLWLYHGHFOLQHKDGFRQWLQXHGGHVSLWHFRPSOHWHUH
VHFWLRQRIWKHFDUFLQRPDRIWKHSURVWDWHZHVWDUWHGDJDLQDQLQWHQVLYHVHDUFK
IRUDWXPRXU&RPSXWHGWRPRJUDSK\RIQHFNWKRUD[DEGRPHQDQGSHOYLV
&7GLGQRWUHYHDODOHVLRQVXVSLFLRXVRIPDOLJQDQF\EXW)'*3(7VKRZHG
K\SHUPHWDEROLVPLQWKHDVFHQGLQJFRORQ$KHPLFROHFWRP\ZDVSHUIRUPHG
DQG D VHVVLOH WXEXORYLOORXV DGHQRFDUFLQRPDZDV FRQ¿UPHG KLVWRORJLFDOO\
7ZR PRQWKV DIWHU UHVHFWLRQ DQWL0DDQWLERGLHV ZHUH QR ORQJHU SRVLWLYH
1HXURSV\FKRORJLFDO WHVWLQJ IRXU PRQWK DIWHU VXUJHU\ VKRZHG FRJQLWLYH
VWDELOL]DWLRQRIWKHSDWLHQW
&RQFOXVLRQV 3/( LV D GLIIHUHQWLDO GLDJQRVLV RI GHPHQWLD HVSHFLDOO\ LQ
SDWLHQWVZLWKNQRZQ WXPRXU$ VHFRQGQHRSODVLD VKRXOGEH FRQVLGHUHG LI
HIIHFWLYH FDQFHU WUHDWPHQW GRHV QRW OHDG WR LPSURYHPHQW RU VWDELOLVDWLRQ
RI3/(7XPRXUVHDUFKVKRXOGEHH[KDXVWLYHDQGLQFOXGH)'*3(7ZKHQ
FRQYHQWLRQDOLPDJLQJIDLOVWRVKRZDPDOLJQDQF\
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(IIHFWLYHQHVVRI$OWHUQDWLYH3DUDPHWHUVLQU7067UHDWPHQW
$OH[DQGHU/\IRUG3LNH
,QVWLWXWRGH3VLTXLDWULD\3VLFRORJLDGH0RQWHYLGHR,30
8UXJXD\
(QULTXH*DOHDQR6LOYLD2OLYHUD%HDWUL]4XDGUHOOL
2EMHFWLYHV7KHHIIHFWLYHQHVVRIDOWHUQDWLYHSDUDPHWHUVRIUHSHWLWLYH7UDQ
VFUDQLDO0DJQHWLF6WLPXODWLRQU706IRUWKHWUHDWPHQWRISDWLHQWVZLWKGH
SUHVVLYHFRQGLWLRQVRUK\SRPDQLDLVVWXGLHG7KHFRQVHFXWLYHDSSOLFDWLRQRI
KLJKIUHTXHQF\OHIWDQGORZIUHTXHQF\ULJKWVWLPXODWLRQRQFHDQGRUWZLFH
DGD\LVDQDO\VHGDVDWKHUDSHXWLFRSWLRQIRUGHSUHVVHGSDWLHQWVZLWKDSRRU
UHVSRQVHWRXQLODWHUDOVWLPXODWLRQ7KHXVHRIWKLVWHFKQLTXHIRUWUHDWLQJWKH
DFXWHSKDVHLVGLVFXVVHGDVZHOOWKHUHVXOWVREWDLQHGWKHFRXUVHRIWKHGLV
RUGHUDQGSURSRVDORIPDLQWHQDQFHWUHDWPHQWDVDODOWHUQDWLYHWRFRQVROLGDWH
UHVSRQVHWRWUHDWPHQW
0HWKRGV $ JURXS RI SDWHQWV ZLWK GHSUHVVLYH GLVRUGHUV ZKR DUH JRLQJ
WKURXJK D PD\RU GHSUHVVLYH HSLVRGH DQG ZKR KDYH UHVSRQGHG SRRUO\ WR
SKDUPDFRORJLFDOWUHDWPHQWLVGHVFULEHG'LDJQRVLVZDVHVWDEOLVKHGDFFRUG
LQJ WR '60,9 DQG WKH\ ZHUH DVVHVVHG ZLWK +DPLOWRQ 'HSUHVVLRQ 6FDOH
+'6DQG%HFN'HSUHVVLRQ,QYHQWRU\%',DQG&OLQLFDO*OREDO,PSUHV
VLRQ&*,DWEDVHOLQHDQGDWWKHHQGRIWUHDWPHQW7KHDPRXQWRIVHVVLRQV
SDUDPHWHURSWLRQVDQGODWHUFOLQLFDOFRXUVHDUHGHVFULEHG
5HVXOWV7KHUHVXOWVREWDLQHGZHUHDQDO\VHGRQWKHEDVLVRIWKHGHFUHDVHLQ
WKH+'6 DQG%', VFRUHV LPSURYHPHQW FULWHULRQ D GHFUHDVH LQ ZLWK
UHVSHFW WR+'6EDVHOLQH YDOXH ,PSURYHPHQW RI WKH ELSRODU SDWLHQWVZDV
DVVHVVHGRQWKHEDVLVRIWKH&*,VFRUH
&RQFOXVLRQVU706LVDVDIHDQGHIIHFWLYHWHFKQLTXHIRUWKHWUHDWPHQWRIDI
IHFWLYHGLVRUGHUVZLWKGLIIHUHQWFOLQLFDOPDQLIHVWDWLRQVDQGDQDOWHUQDWLYHLQ
WKHFDVHRIIDLOXUHWRUHVSRQGWRSKDUPDFRORJLFDOWUHDWPHQW,WLVQHFHVVDU\WR
FRQWLQXHZLWKPDLQWHQDQFHWUHDWPHQWLQSDWLHQWVZKRUHFHLYHGU706GXULQJ
WKHDFXWHSKDVHRI WKHGLVRUGHU7KHSHUVSHFWLYHRI LQFOXGLQJU706LQ WKH
DOJRUK\WKPIRUWUHDWLQJDIIHFWLYHGLVRUGHUVLVDQDO\VHG
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*HQRW\SHIRU+77DQG3UHGLFWLRQRI3V\FKRSDWKRORJLF
9XOQHUDELOLW\
$OH[DQGHU/\IRUG3LNH
,QVWLWXWRGH3VLTXLDWULD\3VLFRORJLDGH0RQWHYLGHR,30DQG
,QVWLWXWR*HQLD8UXJXD\
%HWWLQD)DELXV&DUORV$]DPEXMD0DUFRV*LXVWL1LFRODV(VWUDGD
2EMHFWLYHV 'LIIHUHQW JHQHWLFEDVHG QHXURWUDQVPLVVLRQ G\VIXQFWLRQV KDYH
EHHQLPSOLHGLQWKHHWLRORJ\RIGHSUHVVLRQ6HURWRQLQWUDQVSRUWHUSURWHLQLV
FRGHGE\+77JHQHDQGWKHSURPRWHUUHJLRQRIWKHVHURWRQLQWUDQVSRUWHU
JHQH+77/35LQWXUQPRGXODWHVWUDQVFULSWLRQRIWKLVJHQHDQGWKHUHIRUH
WKHSUHVHQFHRIWKHWUDQVSRUWHULQWKHEUDLQWLVVXH+77/35KDVSRO\PRU
SKLVPZLWKDVKRUWDOOHOH6ZLWKPRGL¿HGWUDQVFULSWLRQDQGDORQJDOOHOH/
ZLWKQRUPDOWUDQVFULSWLRQ7KHVKRUWDOOHOHLVDVVRFLDWHGZLWKORZHUOHYHOVRI
VHURWRQLQJHUJLFDFWLYLW\DQGDQLQFUHDVHLQ$&7+SURGXFWLRQZKHQLQGLYLGX
DOV DUH VXEMHFWHG WR HQYLURQPHQWDO VWUHVVRUV 'LIIHUHQW UHODWLRQVKLSV KDYH
EHHQGHVFULEHGEHWZHHQ//DQG66DOOHOHVDQGUHVSRQVHWRDQWLGHSUHVVDQWV
VXLFLGDOLGHDWLRQDQGVXLFLGH$UDQJR6HUUHWWLIRXQGD
QHJDWLYHDVVRFLDWLRQEHWZHHQWKH+77/3566DOOHOHDQGWKHUHVSRQVHWR
OLWKLXPWUHDWPHQWLQELSRODUSDWLHQWV<XHWDOIRXQGDSRVLWLYHUHOD
WLRQVKLSEHWZHHQDOOHOH//DQGUHVSRQVHWRDQWLGHSUHVVDQWWUHDWPHQW
7KH SXUSRVH RI WKLV VWXG\ ZDV WR HYDOXDWH WKH XVHIXOQHVV RI +77/35
JHQRW\SHDQGLWVWZRDOOHOHVIRUSUHGLFWLQJWKHFRXUVHDQGUHVSRQVHRIPDMRU
GHSUHVVLYHGLVRUGHULQSUREDQGVVXEMHFWHGWRHQYLURQPHQWDOVWUHVVRUV
0HWKRGV &URVVVHFWLRQDO RSHQ VWXG\ RI HSLGHPLRORJLFDO LQFLGHQFH DQG
REVHUYDWLRQ 6DPSOH RI  SDWLHQWV UDQGRPLVHG E\ DJH DQG VH[ +RPR
F\JRWHV IRU VKRUW 66 DQG ORQJ // DOOHOHV DQG SDLUHG KRPRF\JRWHV IRU
// DOOHOH ZHUH VHOHFWHG $OOHOHVSHFL¿F 3&5 ZDV XVHG IRU 7+77/35
JHQRW\SL¿FDWLRQXVLQJSULPHUVGHVFULEHGE\*HOHUQWHUHWDO+RPR
F\JRWHLQGLYLGXDOVZLWKVKRUW66DQGORQJ//DOOHOHVZHUHLQWHUYLHZHG
E\DSV\FKLDWULVWZKRDVVHVVHGD ,QFLGHQFHRIVWUHVVLQJIDFWRUVRYHUSDVW
PRQWKV DPRXQW DQG VHYHULW\ 6WUHVVRUV LQFOXGHGZHUH RFFXSDWLRQDO
¿QDQFLDO KRXVLQJ KHDOWK DQG LQWHUSHUVRQDO UHODWLRQVKLSV E 5HVSRQVH
WR WKHVH VWUHVVRUV VXLFLGDO LGHDWLRQ RU DWWHPSW F 3UHVHQFH RI GHSUHVVLYH
GLVRUGHU DFFRUGLQJ WR '60,9 RYHU WKH SDVW  PRQWKV PHDVXUHG ZLWK
VHOIDSSOLHG %HFN'HSUHVVLRQ ,QYHQWRU\ DQG+DPLOWRQ'HSUHVVLRQ 5DWLQJ
6FDOHDSSOLHGE\SV\FKLDWULVWG(YDOXDWLRQRI WKHGLVRUGHUH+LVWRU\RI
SV\FKRSDWKRORJ\ H$VVHVVPHQWZLWK IXOO003, 0LQQHVRWD0XOWLSKDVLF
3HUVRQDOLW\,QYHQWRU\
5HVXOWV3UHOLPLQDU\UHVXOWVREWDLQHGLQWKHLQLWLDOFRPSDULVRQEHWZHHQFDU
ULHUVRIERWKDOOHOHVIRU+77/35DUHSUHVHQWHG
&RQFOXVLRQV7KHFRPSDULVRQRIWKHGLIIHUHQWJURXSVVKDOOKHOSWRGHWHUPLQH
WKHVHQVLWLYLW\RI+77/35JHQRW\SL¿FDWLRQ IRUSUHGLFWLQJSV\FKRSDWKR
ORJLFDO YXOQHUDELOLW\ LQ LQGLYLGXDOV LQ XQIDYRXUDEOH HQYLURQPHQWDO FRQGL
WLRQV ,I WKH LQGLYLGXDOVSRVVHVV WKLVVHQVLWLYLW\SUHGLFLWLYHYDOXHFRXOGEH
SURYLGHGRQWKHFRXUVHRIWKHGHSUHVVLYHGLVRUGHUWKHWKHUDSHXWLFPHDVXUHV
WREHDSSOLHGDQGWKHSURWHFWLRQDJDLQVWVHOILQÀLFWHGKDUPDQGSV\FKRWKHUD
SHXWLFLQWHUYHQWLRQ
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3RVLWLYLW\RI%RUQD'LDVHDVH9LUXVLQ3V\FKLDWULF3DWLHQWV
6\OYD5DFNRYD
'HSDUWPHQWRI3V\FKLDWU\8QLYHUVLW\+RVSLWDO3LOVHQ
&]HFK5HSXEOLF
/XERV-DQX
2EMHFWLYHV (WLRORJ\ RI SV\FKLDWULF GLVRUGHUV LVPXOWLIDFWRULDO ,QIHFWLRXV
GLVHDVHVDUHRQHRI WKHSRVVLEOHULVNIDFWRUV%RUQD'LDVHDVH9LUXV%'9
LVDQHXURWURSLFYLUXVZLWKDKLJKDI¿QLW\WRWKHOLPELFV\VWHPZKHUHYLUDO
SURWHLQVLQWHUIHUHZLWKQHXURWUDQVVPLWHUUHFHSWRUV,WEHORQJVWRWKHIDPLO\
%RUQDYLULGDHRUGHU0RQRQHJDYLUDOHV7KHUHZHUHQHXURORJLFDODQGEHKDY
LRUDO FKDQJHV LQ PDPPDOV 6HYHUDO VWXGLHV KDYH GHVFULEHG VLJQL¿FDQWO\
KLJKHUSRVLWLYLW\RI%'9LQSV\FKLDWULFSDWLHQWVDQGSUHVXSSRVHGLQÀXHQFH
RI%'9RQDFRXUVHRIWKHVHGLVHDVHV7KLVLQIHFWLRQLVSRVVLEOHWRWUHDWE\
YLURVWDWLFPHGLFDWLRQDPDQWDGLQH
0HWKRGV:HH[DPLQHGSDWLHQWVZLWKGLDJQRVLVRIDIIHFWLYHRUVFKL]R
SKUHQLF GLVRUGHUV KRVSLWDOLVHG LQ WKH SV\FKLDWULF GHSDUWPHQW LQ 3LOVHQ IRU
SRVLWLYLW\RI%'97RWDOQXPHURIH[DPLQHGSDWLHQVIURPRWKHUGHSDUWPHQWV
ZDV :H GHWHUPLQHG YLUDO DQWLJHQV FLUFXODWLQJ LPXQRFRPSOH[HV DQG
DQWLERGLHVLQWKHVHUXPE\XVLQJ(/,6$PHWKRGV:HH[DPLQHGEORRG
GRQQRUVDVDFRPSDUDWLYHJURXSRIKHDOWK\LQGLYLGXDOV
5HVXOWV:HLQYHVWLJDWHGSRVLWLYLW\RI%'9LQLQSV\FKLDWULFSDWLHQWV
IURPRXUGHSDUWPHQWLQLQWKHWRWDOJURXSLQFRPSDULVRQZLWKSRVLWLY
LW\LQLQKHDOWK\LQGLYLGXDOV
&RQFOXVLRQV:HGHPRVWUDWHGKLJKHUSRVLWLYLW\RI%'9LQIHFWLRQLQDJURXS
RISV\FKLDWULFSDWLHQWV%'9LQIHFWLRQFRXOGLQÀXHQVHGDFRXUVHRISV\FKL
DWULFGLVRUGHUV$FFRUGLQJWRVRPHVWXGLHVGHSUHVVLYHSDWLHQWVWUHDWHGZLWK
DPDQWDGLQHLPSURYHGIDVWHUWKDQSDWLHQWVZLWKRXWYLURVWDWLFPHGLFDWLRQ7KH
LPSURYHPHQWFRUUHODWHGZLWKGHFUHDVHRISRVLWLW\RI%'9
5HIHUHQFHV
'XUUZDOG5/XGZLJ+%RUQD'LVHDVH9LUXV%'9D=RRQRWLF":RUO
ZLGH3DWKRJHQ$5HYLHZRIWKH+LVWRU\RIWKH'LVHDVHDQGWKH9LUXV,QIHF
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
WLRQ ZLWK &RPSUHKHQVLYH %LEOLRJUDSK\ -RXUQDO RI 9HWHULQDU\ 0HGLFLQH

'LHWULFK '( 6FKHGORZVNL 0 %RGH / /XGZLJ + (PULFK +0$ 9LUR
3V\FKR,PPXQRORJLFDO 'LVHDVH0RGHO RI D 6XEW\SH $IIHFWLYH 'LVRUGHU
3KDUPDFRSV\FKLDWU\
'LHWULFK'(%RGH/6SDQQKXWK&:/DX7+XEHU7-%URGKXQ%/XGZLJ
+(PULFK+0$PDQWDGLQHLQGHSUHVVLYHSDWLHQWVZLWK%RUQDGLVHDVHYLUXV
%'9LQIHFWLRQDQRSHQWULDO%LSRODU'LVRUGHUV
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)DPLO\+LVWRU\DQG3V\FKDLWULF'LVRUGHU7KH00+66WXG\
.DYLWKD6XEUDPDQLDP
1DWLRQDO8QLYHUVLW\RI0DOD\VLD8.00DOD\VLD
2EMHFWLYHV7KLVDLPRI WKLVVXUYH\LV WRGHWHUPLQHLI WKRVHZLWKDIDPLO\
KLVWRU\RIPHQWDOLOOQHVVDUHPRUHSURQHWRZDUGVGHYHORSLQJFRPPRQPHQWDO
GLVRUGHUV LQ FRPSDULVRQ WR WKRVHZLWK QR KLVWRU\ RIPHQWDO LOOQHVV LQ WKH
IDPLO\
0HWKRGV7KLVLVDVXEVWXG\IRUPDODUJHUVXUYH\HQWLWOHG7KH0DOD\VLDQ
0HQWDO+HDOWK6XUYH\00+67KHGDWDIRUPWKH3HQDQJVWDWHZDVDQD
O\VHG$QXPEHURIVXEMHFWVZHUHXVHGIRUWKHVWXG\)DPLO\KLVWRU\RI
PHQWDO LOOQHVVZDVGH¿QHGDV WKHSUHVHQFHRIPHQWDOGLVRUGHUVDPRQJ WKH
SDUHQWVVLEOLQJVRUFKLOGUHQRIWKHVXEMHFWV7KHSUHVHQFHRIFRPPRQPHQWDO
GLVRUGHUVDPRQJWKHVXEMHFWVZDVDVVHVVHGXVLQJWKH&,65LQVWUXPHQW7KH
&,65VFRUHVRI WKHVXEMHFWVZLWKDQGZLWKRXWKLVWRU\RIPHQWDO LOOQHVV LQ
WKHIDPLO\ZHUHFRPSDUHG
5HVXOWV$URXQGRIWKHVWXG\SRSXODWLRQKDGDKLVWRU\RIPHQWDOLOOQHVV
LQWKHIDPLO\,WZDVIRXQGWKDWWKHPHDQ&,65VFRUHVRIWKHJURXSWKDWKDGD
IDPLO\KLVWRU\RIPHQWDOLOOQHVVZDVKLJKHUWKDQWKHJURXSVWKDWGLG
QRWGRQRWNQRZDQGUHIXVHGWRUHSO\
7KHUHZDVDVLJQL¿FDQWGLIIHUHQFHS LQWKHPHDQVFRUHRIWKHJURXSV
DW&,7KHUHZHUHQRGLIIHUHQFHVLQWKHSUHYDOHQFHRIFRPPRQPHQWDO
GLVRUGHUV &,65 VFRUH RI  DQG DERYH LQGLFDWHG WKH SUHVHQFH RI&0'
DPRQJWKHJURXSVZLWKDQGZLWKRXWWKHIDPLO\KLVWRU\
&RQFOXVLRQV ,WFRXOGEHFRQFOXGHG WKDW VXEMHFWVZLWKD IDPLO\KLVWRU\RI
PHQWDOLOOQHVVKDGSURPLQHQW&,65V\PSWRPVEXWQRHYLGHQFHWRVKRZWKDW
WKHVHJURXSVKDGKLJKHUUDWHRIFRPPRQPHQWDOGLVRUGHUV)XUWKHUDQDO\VLV
ZLWKWKHGDWDWKHIURPIRXURWKHUVWDWHVZRXOGEHFDUULHGRQLQRUGHUWRREWDLQ
DFOHDUSLFWXUHRIWKHFRUUHODWLRQ
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7KH(IIHFWRI3DUHQWDO$JHDW%LUWKRQWKH0HQWDO+HDOWKRIDQ
,QGLYLGXDO7KH00+66WXG\
.DYLWKD6XEUDPDQLDP
1DWLRQDO8QLYHUVLW\RI0DOD\VLD0DOD\VLD
2EMHFWLYHV,WKDVEHHQK\SRWKHVL]HGWKDWFKLOGUHQERUQIURPPRWKHUVDJHG
DQGDERYHDQGIDWKHUVDJHGDERYHKDYHDKLJKFKDQFHRIFDUU\LQJPX
WDWLRQLQFRPSDULVRQWRWKRVHERUQIRU\RXQJSDUHQWV7KHREMHFWLYHRIWKLV
VWXG\LVWRH[DPLQHLIVXFKUHODWLRQVKLSRFFXUVEHWZHHQWKHSDUHQWDODJHDW
WKHELUWKWLPHRIDQLQGLYLGXDODQGWKHPHQWDOKHDOWKVWDWXVRIWKHLQGLYLGXDO
GXULQJDGXOWKRRGLQWKH0DOD\VLDQSRSXODWLRQ
0HWKRGV7KLV LV D VXE VWXG\ IURP WKH0DOD\VLDQ0HQWDO+HDOWK 6XUYH\
00+67KHSDUWLFLSDQWVRIWKHVXUYH\ZHUHDVNHGLIWKH\FRXOGUHPHPEHU
WKHDJHVRIWKHLUSDUHQWVZKHQWKH\ZHUHERUQ7KHVXEMHFWVZHUHDVVHVVHG
IRUFRPPRQPHQWDOGLVRUGHUVXVLQJWKH&,65LQVWUXPHQW&RUUHODWLRQEH
WZHHQSDUHQWDODJHDQGPHQWDOKHDOWKVWDWXVZDVVWXGLHG
5HVXOWV$QXPEHURI VXEMHFWV  IURP WKH VDPSOH LQ WKH3HQDQJ
VWDWHFRXOGUHPHPEHUWKHDJHRIWKHLUSDUHQWVZKHQWKH\ZHUHERUQ1RDV
VRFLDWLRQVZHUHREVHUYHGEHWZHHQ WKHPDWHUQDODJHDQG WKHPHQWDOKHDOWK
VWDWXVRIWKHVXEMHFWV$VWURQJDVVRFLDWLRQZDVREVHUYHGEHWZHHQWKHSDWHU
QDODJHDWELUWKDQGPHQWDOKHDOWKVWDWXVRIWKHVXEMHFWV
&RQFOXVLRQV2XUVWXG\RQWKH3HQDQJSRSXODWLRQVKRZVWKDWFKLOGUHQERUQ
IRUIDWKHUVDJHGDQGDERYHDUHPRUHSURQHWRFRPPRQPHQWDOGLVRUGHUV
LQFRPSDULVRQWRWKRVHERUQIRU\RXQJHUIDWKHUV'DWDFROOHFWLRQLVFXUUHQWO\
JRLQJRQLQ WKHRWKHUVWDWHV)XUWKHUDQDO\VLVZLWKELJJHUVDPSOHVL]HZLOO
EHFRQGXFWHG
32
3UHYDOHQFHRI(DWLQJ'LVRUGHUV$Q(SLGHPLRORJLF6WXG\)URP
D5HJLRQRI%UD]LO
-RmR(GXDUGR9LOHOD
0HGLFDO6FKRRORI8QLYHUVLGDGH)HGHUDOGH0LQDV*HUDLV%UD]LO
-$/DPRXQLHU,$3RUGHXV
3UHYDOHQFH VWXG\ RI HDWLQJ GLVRUGHUV DFFRUGLQJ WR (DWLQJ $WWLWXGHV 7HVW
($7%XOLF,QYHVWLJDWRU\7HVWRI(GLQEXUJK%,7(%RG\,PDJH%,
'HPRJUDSKLF4XHVWLRQQDLUH'4%RG\0DVV,QGH[%0,DQG3V\FKLDWULF
,QWHUYLHZ 3,7KLV VWXG\ZDV FDUULHG RXW LQ D SRSXOWLRQ VDPSOH RI 
VWXGHQWVIURPWKHFLW\RI%HOR+RUL]RQWH%UD]LO7KHPHWKRGRORJ\DGRSWHG
IRUWKHVDPSOHµVVHOHFWLRQKDVJXDUDQWHHGHGHDFKRQHDPRQJWKHHQ
UROOHGVWXGHQWVKDGWKHVDPHFKDQFHRISDUWLFLSDWLQJLQWKHVWXG\7KHUHVXOWV
VKRZWKDWWKHSUHYDOHQFHRIHDWLQJGLVRUGHUZDVDQGDFFRUGLQJ
WR ($7 DQG %,7( UHVSHFWLYHO\$IWHU FOLQLF LQWHUYLHZ LW ZDV IRXQG D
SUHYDOHQFHRIIRUSDUWLDOV\QGURPHDQGFOLQLFDOHDWLQJGLVRUGHUV7KH
UHVXOWV DUH VLPLODU WR WKH RQHV IRXQG LQ WKH GHYHORSSHG FRXQWULHV LQ ERWK
VHOITXHVWLRQDLUHVDQGSV\FKLDWULFLQWHUYLHZ
32
5LVN)DFWRUVIRU(DWLQJ'LVRUGHUVLQD%UD]LOLDQ6FKRRO
3RSXODWLRQ
-RmR(GXDUGR9LOHOD
0HGLFDO6FKRRORI8QLYHUVLGDGH)HGHUDOGH0LQDV*HUDLV%UD]LO
-$/DPRXQLHU,$3RUGHXV
7KLVVWXG\LVDERXWWKHLPSRUWDQFHRISRWHQWLDOULVNIDFWRUVRIHDWLQJGLVRUGHUV
LQDSRSXODWLRQVDPSOHRIVWXGHQWVDJHGIURPWRLQWKHFLW\RI%HOR
+RULRQWH%UD]LO7KHPHWKRGRORJ\DGRSWHGIRUWKHVDPSOHµVVHOHFWLRQKDV
JXDUDQWHHGHGHDFKRQHDPRQJWKHHQUROOHGVWXGHQWVKDGWKHVDPH
FKDQFHRISDUWLFLSDWLQJLQWKHVWXG\7KHVWXG\ZDVGLYLGHGLQWZRSDUWVLQ
WKH¿UVWRQHDOO WKHVWXGHQWVZHUHVXEPLWHG WR VHOITXHVWLRQDLUHVDQG WKHLU
ZHLJKDQGKLJKZHUH WDNHQ LQRUGHU WRKDYH WKH%RG\0DVV,QGH[%0,
,QWKHVHFRQGSDUWWKHVWXGHQWVZLWKVHOITXHVWLRQQDLUHVSRVLWLYHVFRUHVDQG
%0,SZHUHVXEPLWHGWRDFOLQLFDOLQWHUYLHZ0XOWLYDULDWHDQDO\VHVZHUH
FRQGXFWHGDQGLWZDVIRXQGULVNIDFWRUVIURPWKHFKRVHQYDULDEOHVGHVLUH
WRORRVHZHLJKSV\FKLDWULFSUREOHPVLQWKHIDPLO\SUHREHVLW\GHSUHVVLRQ
REVHVVLYHFRPSXOVLYHGLVRUGHUVDQGVXEVWDQFHDEXVH6RLWZDVIRXQGERWK
SK\VLFDOFDUDFKWHULVWLFVDQGVXEMHFWLYHIDFWRUVDVSRVVLEOHULVNIDFWRUVIRUWKH
RQVHWRIHDWLQJGLVRUGHUV
/4(%2¬¬0OSTER¬3ESSION¬.O

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6$
3DWLHQW)XQFWLRQLQJLQ%LSRODU'LVRUGHUV7KH2SWLPDO
%DODQFHRI(IILFDF\DQG6DIHW\IRUDQ$QWLSV\FKRWLF
6XSSRUWHGE\DQXQUHVWULFWHGHGXFDWLRQDOJUDQWIURP
-DQVVHQ&LODJ
6$
5DSLGDQG6XVWDLQHG%HQHILWVZLWK$QWLSV\FKRWLFVDV1HZ
7UHDWPHQW2SWLRQIRU%LSRODU'LVRUGHU
+HLQ]*UXQ]H
/XGZLJ0D[LPLOLDQV8QLYHUVLWlW0XQLFK*HUPDQ\
2EMHFWLYHV %LSRODU GLVRUGHU UHPDLQV D GLI¿FXOWWRWUHDW FRQGLWLRQ 7KH
JRDOVDUHWRVWDELOL]HWKHSDWLHQWDQGWRDPHOLRUDWHKLVPRRGSV\FKRWLFDQG
RWKHUV\PSWRPV7KHDW\SLFDODQWLSV\FKRWLFVDUHLQFUHDVLQJO\SUHVFULEHGIRU
WKLV FRQGLWLRQ7KHHYLGHQFH IRU WKHLUXVH LQELSRODUGLVRUGHU LV UHYLHZHG
,QYLHZRI WKHFKURQLF UHODSVLQJQDWXUHRI WKHGLVHDVH LW LV LPSRUWDQW WKDW
WUHDWPHQWSURYLGHVIDVWDQGVXVWDLQHGHI¿FDF\EDODQFHGE\JRRGORQJWHUP
WROHUDELOLW\DVWRRSWLPLVHWKHSDWLHQW¶VIXQFWLRQLQJ
0HWKRGV(YLGHQFHLQVXSSRUWRIDW\SLFDODQWLSV\FKRWLFVLVUHYLHZHGZLWK
UHJDUGWRRQVHWRIDFWLRQORQJWHUPHI¿FDF\DQGWROHUDELOLW\ZLWKIRFXVRQ
ULVSHULGRQH
5HVXOWV&RPSHOOLQJHYLGHQFHKDVEHHQFROODWHG IRU WKHHI¿FDF\RIDW\SL
FDO DQWLSV\FKRWLFV LQ ELSRODU GLVRUGHU7KH\ DUH HIIHFWLYH DVPRQRWKHUDS\
LQWKHWUHDWPHQWRIDFXWHPDQLD:LWKULVSHULGRQHVLJQL¿FDQWDPHOLRUDWLRQ
RI PDQLF V\PSWRPV <056 VFRUH DQG GHSUHVVLYH V\PSWRPV 0$'56
VFRUHKDVEHHQREVHUYHGZLWKLQ WKUHH WR IRXUGD\VRIPRQRWKHUDS\ZKHQ
FRPSDUHG ZLWK SODFHER 6\PSWRP LPSURYHPHQW ZDV VHHQ LUUHVSHFWLYH RI
V\PSWRPVVHYHULW\RUSUHVHQFHRISV\FKRWLFV\PSWRPVDWVWDUWRIWKHVWXG\
,PSRUWDQWO\ULVSHULGRQHDOVRLPSURYHGWKHSDWLHQWV¶IXQFWLRQLQJDVUHÀHFWHG
E\ WKH *$6 VFRUHV  DIWHU  ZHHNV 5HPLVVLRQ UDWHV XS WR 
 ZNV KDYH EHHQ IRXQG$IIHFWLYH VZLWFKLQJ ZDV QRW REVHUYHG:KHQ
FRPSDUHGZLWKKDORSHULGROV\PSWRPUHOLHIDQGUHPLVVLRQZLWKULVSHULGRQH
ZHUHDW OHDVWDVJRRGEXWULVSHULGRQHZDVVXSHULRU LQSURYLGLQJVXVWDLQHG
IXQFWLRQDOLPSURYHPHQW,QSDWLHQWVZLWKELSRODUGLVRUGHUULVSHULGRQHZDV
DOVRVLJQL¿FDQWO\EHWWHUWKDQKDORSHULGROLQLPSURYLQJFRJQLWLYHDQGRFFXSD
WLRQDOIXQFWLRQLQJZRUNLQJYVZLWKKDORSHULGRO7KHEHQH¿WVRI
DW\SLFDOVKDYHDOVREHHQGHPRQVWUDWHGDVDGGRQWKHUDS\WRPRRGVWDELOL]HUV
DQGLQWUHDWPHQWUHVLVWDQWGHSUHVVLRQ1HZGDWDLQUDSLGF\FOLQJELSRODUDUH
HPHUJLQJ&KRLFHFDQEHJXLGHGE\RSWLPDOEDODQFHRI ORQJWHUPEHQH¿WV
UHJDUGLQJ HI¿FDF\ DQG WROHUDELOLW\ $VSHFWV WKDW PD\ SURYH UHOHYDQW DUH
FRJQLWLRQ VOHHSTXDOLW\ H[WUDS\UDPLGDO V\PSWRPV VHGDWLRQZHLJKW JDLQ
ULVNVRIGLDEHWHVDQGOLSLGGLVRUGHUVIRUZKLFKDW\SLFDOVDQGFRQYHQWLRQDOV
DOOKDYHGLIIHUHQWOLDELOLWLHVHJDPRQJDW\SLFDOVRQO\ULVSHULGRQHLPSURYHG
ERWKLPPHGLDWHDQGYHUEDOZRUNLQJIXQFWLRQ0RUHRYHULWVWROHUDELOLW\DQG
VOHHS TXDOLW\ DUH EHWWHU WKDQ IRU KDORSHULGROZKLOH OLDELOLW\ IRUPHWDEROLF
VLGHHIIHFWV LV ORZ)XUWKHU UHVHDUFKZLOO DOORZ¿QHWXQLQJ WKHLU UHOHYDQFH
IRUORQJWHUPRXWFRPH
&RQFOXVLRQV ,Q JHQHUDO DW\SLFDO DQWLSV\FKRWLFV RIIHU D JRRG EDODQFH
EHWZHHQHI¿FDF\DQG WROHUDELOLW\ZLWK WKHUDSHXWLFEHQH¿WVERWK DVPRQR
WKHUDS\ RU DGGRQ WR HVWDEOLVKHG PRRG VWDELOL]LQJ DJHQWV $V HPHUJLQJ
RSWLRQV IRU WUHDWPHQW RI ELSRODU GLVRUGHUV WKH\ PD\ EULQJ QHZ KRSH IRU
SDWLHQWV5LVSHULGRQHRIIHUV UDSLG DQG VXVWDLQHGEHQH¿WV LQ WKH LQWHUHVW RI
WKHSDWLHQWV¶IXQFWLRQLQJ
5HIHUHQFHV
$PHULFDQ'LDEHWHV$VVRFLDWLRQHWDO&RQVHQVXVGHYHORSPHQWFRQIHU
HQFH RQ DQWLSV\FKRWLF GUXJV DQG REHVLW\ DQG GLDEHWHV 'LDEHWHV &DUH 

(HUGHNHQV0HWDO5LVSHULGRQHPRQRWKHUDS\LQDFXWHPDQLD3RVWHU
DW:3$9LHQQD$XVWULD-XQH
'XUVXQHWDO(IIHFWVRIW\SLFDODQWLSV\FKRWLFGUXJVDQGULVSHULGRQHRQ
WKHTXDOLW\RIVOHHSLQSDWLHQWVZLWKVFKL]RSKUHQLDDSLORWVWXG\-3V\FKLDWU\
1HXURVFL
+LUVFKIHOG 5 HW DO  5DSLG DQWLPDQLF HIIHFW RI ULVSHULGRQH PRQR
WKHUDS\DZHHNPXOWLFHQWHUGRXEOHEOLQGSODFHERFRQWUROOHGWULDO$P-
3V\FKLDWU\
0RUL . HW DO  (IIHFW RI VZLWFKLQJ WR DW\SLFDO DQWLSV\FKRWLFV RQ
PHPRU\LQSDWLHQWVZLWKFKURQLFVFKL]RSKUHQLD3URJUHVVLQ1HXUR3V\FKRS
KDUPDFRORJ\	%LRORJLFDO3V\FKLDWU\
5HLQDUHV0HWDO$FWDV(VS3VLFKLDWU
6DFKV*6HWDO &RPELQDWLRQRIDPRRGVWDELOL]HUZLWK ULVSHULGRQH
RU KDORSHULGRO IRU WUHDWPHQW RI DFXWH PDQLD$P - 3V\FKLDWU\ 

9LHWD ( HW DO $FXWH DQG FRQWLQXDWLRQ ULVSHULGRQH PRQRWKHUDS\ LQ
PDQLD+XP3V\FKRSKDUPDFRO
6$
%DUULHUVWR6XFFHVVIXO/RQJWHUP5HPLVVLRQLQ%LSRODU
'LVRUGHU
3UDNDVK60DVDQG
'XNH8QLYHUVLW\0HGLFDO&HQWUH'XUKDP1&86$
2EMHFWLYHV %LSRODU GLVRUGHU LV D FRPSOH[ FKURQLF GLVRUGHU OHDGLQJ WR
LPSDLUHGSDWLHQWIXQFWLRQLQJDQGDKLJKVRFLDOEXUGHQ3DWLHQWVDUHLQQHHG
RIFRQWLQXHGPHGLFDWLRQEXWRIWHQUHODSVHDUHDVRQWRJHWLQVLJKWVLQWRWKH
EDUULHUVWRVXVWDLQHGUHPLVVLRQ
0HWKRGV)DFWRUVSUHGLFWLYHRIFRPSOLDQFHDQGQRQFRPSOLDQFHLQPHGLFDO
DQGELSRODULOOQHVVZHUHLGHQWL¿HGDWOHYHOVPHGLFDWLRQLOOQHVVSDWLHQW
DQG SK\VLFLDQUHODWHG 7KHLU UHOHYDQFH WR ORQJWHUP RXWFRPH LQ ELSRODU
GLVRUGHULVGLVFXVVHG
5HVXOWV)DFWRUVSUHGLFWLYHRIFRPSOLDQFHLQPHGLFDO LOOQHVVLQFOXGHFKUR
QLFLW\ RI LOOQHVV H[WHQW RI GLVDELOLW\ SHUFHLYHG VHULRXVQHVV FRQWLQXLW\ RI
FDUHDQGWKHH[WHQWRIVXSHUYLVLRQE\RWKHUV7\SLFDOIDFWRUVRIQRQFRPSOL
DQFHDUHWKHDPRXQWRIWLPHEHLQJDV\PSWRPDWLFSV\FKLDWULFLOOQHVVOLYLQJ
DORQHQR IDPLO\ VXSSRUW FRPSOH[PHGLFDWLRQ UHJLPHQ DQG WROHUDELOLW\ RI
PHGLFDWLRQ7KHVH IDFWRUVDUHDPSOL¿HG LQELSRODUGLVRUGHUZKHUH UDWHVRI
QRQDGKHUHQFHDUHYHU\KLJKZLWK OLWKLXPZLWK WULF\FOLF
DQWLGHSUHVVDQWV$WWLWXGHVDQGEHOLHIVZRXOGEHDWOHDVWDVLPSRUWDQWDVVLGH
HIIHFWV$OVRRIHXWK\PLFELSRODUSDWLHQWVDUHRIWHQQRQFRPSOLDQWZLWK
DQWLSV\FKRWLFV0HGLFDWLRQUHODWHGIDFWRUVOHDGLQJWRQRQFRPSOLDQFHLQEL
SRODULOOQHVVLQFOXGH(36DQGVH[XDOG\VIXQFWLRQZLWKFRQYHQWLRQDODQWLSV\
FKRWLFVDQGVHGDWLRQDQGZHLJKWJDLQZLWKDW\SLFDODQWLSV\FKRWLFV5HDVRQV
IRUQRQFRPSOLDQFHZLWKOLWKLXPLQFOXGHVLGHHIIHFWVDEUXSWGLVFRQWLQXDWLRQ
RIWUHDWPHQWDQGORZGLVHDVHDFFHSWDQFH7\SLFDOSDWLHQWUHODWHGIDFWRUVRI
QRQDGKHUHQFHLQELSRODU LQFOXGHGHQLDORI LOOQHVVEHOLHIEHLQJUHFRYHUHG
K\SRPDQLD GHQLDO LPSDLUPHQW ODFN RI FRQWURO RYHU OLIH ORZ HGXFDWLRQ
ORZ VRFLDO VXSSRUW PHGLFDWLRQUHODWHG LVVXHV ODSVHG SUHVFULSWLRQ VLGH
HIIHFWV DQG FRPRUELGLW\ SHUVRQDOLW\ GLVRUGHU VXEVWDQFH DEXVH ,OOQHVV
UHODWHG IDFWRUV LQFOXGHK\SHUWK\PLDPDQLF W\SHV\PSWRPVHYHULW\ FRJQL
WLYH G\VIXQFWLRQ DQG PLVGLDJQRVLV PLVVHG HXSKRULD PRRGLQFRQJUXHQW
SV\FKRWLF IHDWXUHV 3K\VLFLDQUHODWHG IDFWRUV UHODWH WR NQRZOHGJH DERXW
ELSRODUGLVRUGHUDQGLWVWUHDWPHQWV&OLQLFLDQVVKRXOGORRNIRUXQGHUVWDQG
PRQLWRUDQGRSWLPDOO\WUHDWQRQDGKHUHQWSDWLHQWV3UHOLPLQDU\¿QGLQJVVXJ
JHVWWKDWFOLQLFDOJOREDORXWFRPHDQGSDWLHQWVDWLVIDFWLRQDUHLPSURYHGZLWK
ORQJDFWLQJULVSHULGRQH
&RQFOXVLRQV/RQJWHUPUHPLVVLRQLQELSRODULVKDPSHUHGE\EDUULHUVLQWHU
DFWLQJDWYDULRXVOHYHOV7KH¿QGLQJVFDOOIRUDPXOWLGLVFLSOLQDU\DSSURDFK
LQZKLFK LQIRUPDWLRQ SV\FKRHGXFDWLRQDO VXSSRUW DQGZHOOWROHUDWHG HI
IHFWLYHORQJDFWLQJPHGLFDWLRQPD\KHOSWRRYHUFRPHEDUULHUVDQGLPSURYH
ORQJWHUPRXWFRPH
6$
&23(%LSRODU0XOWLGLVFLSOLQDU\$SSURDFKWRZDUGV%HWWHU
7UHDWPHQW6XFFHVV
'DQLHO6RXHU\
)UHH8QLYHUVLW\RI%UXVVHOV(UDVPH+RVSLWDO%UXVVHOV%HOJLXP
2EMHFWLYHV%LSRODUGLVRUGHULVRIWHQPLVGLDJQRVHGDVXQLSRODUGHSUHVVLRQ
GXHWRLQDGHTXDWHH[SORUDWLRQRIWKHK\SRPDQLFV\PSWRPV2WKHUSDWLHQWV
VLPSO\GRQRWJHWDQ\GLDJQRVLV$OWKRXJKWKHFRQGLWLRQRIWHQVWDUWVLQHDUO\
DGXOWKRRGFRUUHFWGLDJQRVLVLVGHOD\HGLQDPDMRULW\RISDWLHQWV!\HDUVLQ
DERXWRQHWKLUGRIWKHP&RQVHTXHQFHDUHLQDSSURSULDWHWKHUDS\ZLWKSRWHQ
WLDOLQGXFWLRQRIPDQLDDQGUDSLGF\FOLQJZKLOHRQDQWLGHSUHVVDQWVGHSUHV
VLRQZKLOHRQFRQYHQWLRQDODQWLSV\FKRWLFVDQGFRPSURPLVHGIXQFWLRQLQJRI
SDWLHQWVDWKRPHZRUNDQGLQWKHIDPLO\$OVRVXLFLGDODWWHPSWVDQGVXLFLGHV
DUHLQFUHDVHG7KHREMHFWLYHRI&23(%LSRODULVWRLPSURYHWKHTXDOLW\RI
FDUHIRUELSRODUSDWLHQWVLQFOLQLFVIRUPHQWDOKHDWKFDUH
0HWKRGV&23(%LSRODU VWDQGV IRU&OLQLFDO2XWFRPHDQG3V\FKR(GXFD
3ATELLITE¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
WLRQLQ%LSRODU'LVRUGHU7KLVPXOWLLQVWLWXWLRQDOSURJUDPVHWXSLQ(UDVPXV
KRVSLWDOLVEHLQJUROOHGRXWRYHU(XURSH,WLVLQWHQGHGIRUSV\FKLDWULFWHDPV
LQYROYHG LQ WKHPDQDJHPHQW RI ELSRODU SDWLHQWV LW UHTXLUHV FROODERUDWLRQ
EHWZHHQFOLQLFDOVHWWLQJVDQGLVDVVLVWHGE\H[SHUWSDQHOV$VRIWZDUHSUR
JUDPFRQVLVWLQJRIVHYHUDOPRGXOHVDQGDYDLODEOHLQODQJXDJHVDOORZVWR
UHJXODUO\PRQLWRUWKHSDWLHQWVXQGHUXVXDOSUDFWLFHFRQGLWLRQVDQGWRUHFRUG
EDVHOLQH LQIRUPDWLRQ DQG FOLQLFDO RXWFRPH PHDVXUHV RQ WUHDWPHQWV DQG
SV\FKRVRFLDODVSHFWVWKHPDLQREMHFWLYHLVWRHQDEOHDFTXLVLWLRQRIFOLQLFDO
GDWDHVVHQWLDOIRUWKHPDQDJHPHQWRIELSRODUGLVRUGHU%DVHOLQHGDWDLQFOXGH
GHPRJUDSKLFVGLVHDVHKLVWRU\DQG IHDWXUHV FRQFRPLWDQW LOOQHVVHV DQGFR
PHGLFDWLRQV7KH VRIWZDUH DOVR IDFLOLWDWHV WKH GLDJQRVWLF DQG ORQJLWXGLQDO
DVVHVVPHQWV7KHSURJUDPIXUWKHULQFOXGHVSV\FKRHGXFDWLRQEHFDXVHVXFK
DSSURDFKKDVEHHQVKRZQWRUHGXFHVLJQL¿FDQWO\UHFXUUHQFHVRIPDQLFK\
SRPDQLFGHSUHVVLYHDQGPL[HGHSLVRGHV7KHUHIRUHSDWLHQWVWKHLUIDPLOLHV
DQGFDUHJLYHUVUHFHLYHLQIRUPDWLRQDERXWWKHGLVHDVHDQGKRZWRHYROYHWR
³DEHWWHUOLIHZLWKELSRODUGLVRUGHU´'HVFULSWLYHDQDO\VLVDQGVWDWLVWLFDOFRU
UHODWLRQVDUHSODQQHGZLWKUHJXODUPRQLWRULQJXSGDWHV
5HVXOWV 'DWDDQDO\VLV ZLOO ORRN DW GLDJQRVWLF LQIRUPDWLRQ JHQHUDO IXQF
WLRQLQJV\PSWRPOHYHOV WUHDWPHQWVSUHGLVSRVLQJIDFWRUVUHODSVHZDUQLQJ
VLJQVDQGIDFWRUVSUHFLSLWDWLQJUHODSVH&XUUHQWO\GDWDRQSDWLHQWVKDYH
EHHQHQWHUHGLQWKHGDWDEDVH7KHDQDO\VLVRID¿UVWVHWRISDWLHQWVZLOOEH
SUHVHQWHG7KHRYHUDOOH[SHFWDWLRQRIWKHSURJUDPPHLVWKDWWKURXJKLGHQWL¿
FDWLRQRIUHOHYDQWRXWFRPHVJUHDWHULQYROYHPHQWRIPHQWDOKHDOWKZRUNHUV
HGXFDWLRQ RI SDWLHQWV DQG WKHLU HQYLURQPHQW FRQWLQXRXV PRQLWRULQJ DQG
¿QHWXQLQJ RI WUHDWPHQWV SDWLHQWV ZLOO EH PRUH FRPSOLDQW HQMR\ JUHDWHU
TXDOLW\RIFDUHDQGIXQFWLRQEHWWHULQGDLO\OLIH
&RQFOXVLRQV 7KH UHVXOWV IURP WKLV PXOWLLQVWLWXWLRQDO PXOWLGLVFLSOLQDU\
SURMHFWWKURXJKRXW(XURSHPD\FRQWULEXWHWRQHZLQVLJKWVIRUKHOSLQJELSR
ODUSDWLHQWVWRFRSHEHWWHULQGDLO\OLIH
6$
/RQJDFWLQJ5LVSHULGRQHLQ%LSRODU'LVRUGHU$1HZ
2SSRUWXQLW\WR$LG3DWLHQW)XQFWLRQLQJ
(GXDUG9LHWD
&OLQLFDO,QVWLWXWHRI3V\FKLDWU\DQG3V\FKRORJ\+RVSLWDO&OLQLF
8QLYHUVLW\RI%DUFHORQD,',%$36%DUFHORQD6SDLQ
2EMHFWLYHV5HODSVHLVKLJKDPRQJELSRODUSDWLHQWVFDOOLQJIRUFRQWLQXHG
HIIHFWLYHDQGZHOOWROHUDWHGWUHDWPHQW$QWLSV\FKRWLFVDUHLQFUHDVLQJO\UHF
RJQL]HGDVDWUHDWPHQWRSWLRQ,QYLHZRIWKHQHHGIRUFRQWLQXHGPHGLFDWLRQ
DQGORZDGKHUHQFHRIELSRODUSDWLHQWVWRGDLO\RUDOWUHDWPHQWWKHRSSRUWXQLW\
ZLWKORQJDFWLQJULVSHULGRQH5LVSHUGDO&RQVWDZDVHYDOXDWHG
0HWKRGV)LUVWO\WKHUDWLRQDOHIRUORQJDFWLQJULVSHULGRQH/$5WRLPSURYH
SDWLHQWIXQFWLRQLQJLQELSRODUDUHUHYLHZHG6HFRQGO\UHVXOWVRQWKH ORQJ
WHUPRXWFRPHZLWK/$5IURPRSHQODEHOVWXGLHVZLOOEHSUHVHQWHG,QRQH
VWXG\ELSRODUSDWLHQWVZHUHIROORZHGRQ/$5PJIRUPRQWKV7KH
RWKHUWULDOVWXGLHGUHODSVLQJELSRODUSDWLHQWVUHPLWWLQJDIWHUDXJPHQWDWLRQ
RIWUHDWPHQWDVXVXDOZLWK/$5RYHUZHHNVWKH\ZHUHIROORZHGIRU
ZHHNV$QDO\VLVLVRQJRLQJ
5HVXOWV:KHUHDV WKH ROGHU FRQYHQWLRQDO RLOEDVHG GHSRW QHXUROHSWLFV DUH
KDUGO\ FRQVLGHUHG IRU WUHDWPHQW GXH WR WROHUDELOLW\ LVVXHV /$5 KDV DQ
LPSURYHGIRUPXODWLRQLWLVZDWHUEDVHGFRQWDLQVWKHGUXJXQDOWHUHGHQFDS
VXODWHGLQDQDWXUDOSRO\PHUDQGGRHVQRWJLYHULVHWRORDGLQJRQLQMHFWLRQ
3DWLHQWVUHSRUWOLWWOHRUQRLQMHFWLRQVLWHSDLQ:KHQFRPSDUHGWRRUDOPHGL
FDWLRQLWVELZHHNO\DGPLQLVWUDWLRQIDFLOLWDWHVFRPSOLDQFHWKHUHE\DOORZLQJ
IRU LPSURYHG UHODSVH SUHYHQWLRQ DQG HDVLHU PRQLWRULQJ E\ WKH SK\VLFLDQ
0RUH LPSRUWDQWO\ /$5 RIIHUV SDWLHQWV VPRRWKHU DQG VXVWDLQHG SODVPD
OHYHOVIRUVWDELOL]LQJPRRGGD\WRGD\:KHQFRPSDUHGWRRUDOPHGLFDWLRQ
ERWKSUHSDUDWLRQVDUHELRHTXLYDOHQWDWVWHDG\VWDWHEXWÀXFWXDWLRQVEHWZHHQ
WURXJKDQGSHDNOHYHOVDUHORZHUZLWK/$5,QVWDEOHVFKL]RSKUHQLF
SDWLHQWV VZLWFKLQJ WR /$5 OHG WR IXUWKHU LPSURYHG V\PSWRPV DQG WROHU
DELOLW\,PSURYHGWROHUDELOLW\FDQEHH[SODLQHGE\SODVPDSHDNDWWHQXDWLRQ
HQKDQFHGUHOLHIE\DEVHQFHRI¿UVWSDVVPHWDEROLVPDQGFRQWLQXRXVUHOLDEOH
GUXJUHOHDVHIURPWKHGHSRW6WXGLHVDOVRVXSSRUWWKDWSDWLHQWVFDQVPRRWKO\
VZLWFKIURPRUDOWR/$5
3UHOLPLQDU\ LQWHULP DQDO\VLV LQ  ELSRODU SDWLHQWV VXSSRUWV DOVR ELSRODU
SDWLHQWV FDQEHQH¿W IURP/$5E\ IXUWKHU LPSURYLQJ WKH EDODQFHEHWZHHQ
HI¿FDF\DQGWROHUDELOLW\$FFRUGLQJWRWKHSK\VLFLDQV¶FOLQLFDOJOREDOLPSUHV
VLRQ WKHSDWLHQWV¶RYHUDOOFRQGLWLRQVKLIWHGIURPPDLQO\PDUNHGO\PRGHU
DWHO\RUPLOGO\LOOWRZDUGVSUHGRPLQDQWO\PLOGO\ERUGHUOLQHLOORUQRUPDO$
JUHDWHUSURSRUWLRQRISDWLHQWVZHUHVDWLV¿HGZLWKWKHLUWUHDWPHQWDWHQGSRLQW
WKDQDWEDVHOLQHS7KH(656GHFUHDVHGE\DWZHHNS
DQGE\DWHQGSRLQW167KHUHVXOWVZHUHDFKLHYHGE\ELZHHNO\/$5
LQMHFWLRQVRIPJLQRISDWLHQWVPJLQDQGPJLQ
8SGDWHGUHVXOWVZLOOEHSUHVHQWHGDWWKHFRQJUHVV
&RQFOXVLRQV7KHH[SHULHQFHZLWK/$5LQRWKHUPHQWDOGLVHDVHDQGSUHOLPL
QDU\¿QGLQJVLQELSRODUVXSSRUWWKDWWKLVIRUPXODWLRQPD\EHDQHZRSSRUWX
QLW\IRUDLGLQJSDWLHQWVWRRYHUFRPHEDUULHUVWRORQJWHUPUHPLVVLRQ
6$
$Q[LHW\'LVRUGHUV,PSRUWDQW)LQGLQJVIURP5HFHQW
&OLQLFDO6WXGLHV
6XSSRUWHGE\DQXQUHVWULFWHGHGXFDWLRQDOJUDQWIURP
/XQGEHFN
6$
$Q[LHW\'LVRUGHUV±8QGHU'LDJQRVHGDQG,QVXIILFLHQWO\
7UHDWHG
6LHJIULHG.DVSHU
'HSDUWPHQWRI*HQHUDO3V\FKLDWU\0HGLFDO8QLYHUVLW\9LHQQD
$XVWULD
7KHSDVWGHFDGHKDVZLWQHVVHGLQFUHDVLQJDZDUHQHVVDQGXQGHUVWDQGLQJRI
DQ[LHW\GLVRUGHUV7RJHWKHUZLWKGHSUHVVLRQWKHVHDUHDPRQJWKHPRVWFRP
PRQSV\FKLDWULF GLVRUGHUVZLWK FKURQLFLW\ DQG FRPRUELGLW\ EHLQJ WKH UXOH
UDWKHUWKDQWKHH[FHSWLRQ,WKDVEHHQHVWLPDWHGWKDWURXJKO\RISDWLHQWV
ZLWK OLIHWLPH GHSUHVVLRQ DOVR KDYH D OLIHWLPH DQ[LHW\ GLVRUGHU /LIHWLPH
SUHYDOHQFH UDWHV IRU 3DQLF'LVRUGHU KDYH EHHQ HVWLPDWHG DW  IRU
6RFLDO$Q[LHW\'LVRUGHUDWDQGIRU*HQHUDOLVHG$Q[LHW\'LVRUGHUDW
)XUWKHUPRUHSDWLHQWVZLWKRQHDQ[LHW\GLVRUGHUKDYHDKLJK ULVNRI
JHWWLQJDQRWKHUFRPRUELGDQ[LHW\GLVRUGHUDQGWKHUHLVDOVRHYLGHQWRYHUODS
ZLWKGHSUHVVLRQV\PSWRPDWRORJ\DVUHÀHFWHGE\0$'56LWHPVOLNHLQQHU
WHQVLRQFRQFHQWUDWLRQGLI¿FXOWLHVIDWLJXHODVVLWXGHUHGXFHGVOHHS
,QSDUDOOHOZLWKLQFUHDVLQJUHFRJQLWLRQWKHSDVWGHFDGHKDVDOVRZLWQHVVHGD
ZHDOWKRIFOLQLFDOVWXGLHVGRFXPHQWLQJWKHHI¿FDF\RISDUWLFXODUO\VHURWRQLQ
UHXSWDNHLQKLELWRUVLQDQ[LHW\GLVRUGHUV7KHVHDJHQWVDUHUHSODFLQJEHQ]R
GLD]HSLQHVZKLFK DOWKRXJK IDVW DFWLQJ KDYH VHULRXV GUDZEDFNV LQFOXGLQJ
VHGDWLRQDQGGHSHQGHQFH*RRGWROHUDELOLW\ LVDQHFHVVLW\IRU WUHDWPHQWRI
WKHVHFRQGLWLRQVZKLFKUHTXLUHORQJWHUPWUHDWPHQWWRSUHYHQWUHODSVH6XFK
WUHDWPHQWVKDYHQRZEHFRPHDYDLODEOH
6$
*HQHUDOLVHG$Q[LHW\'LVRUGHU±+RZWR7UHDWDQGIRU+RZ
/RQJ"
5D\PRQG:/DP
8QLYHUVLW\RI%ULWLVK&ROXPELD9DQFRXYHU&DQDGD
7KH ¿UVWOLQH WUHDWPHQW RI*HQHUDOLVHG$Q[LHW\'LVRUGHU *$' LQFOXGHV
6HOHFWLYH 6HURWRQLQ 5HXSWDNH ,QKLELWRUV GXH WR WKHLU HI¿FDF\ DQG WROHU
DELOLW\SUR¿OH(I¿FDF\KDVEHHQHVWDEOLVKHGLQSODFHERFRQWUROOHGWULDOVIRU
HVFLWDORSUDPSDUR[HWLQHDQGVHUWUDOLQH(I¿FDF\KDVDOVREHHQVKRZQIRU
EXVSLURQHSUHJDEDOLQYHQODID[LQHVRPHWULF\FOLFDQWLGHSUHVVDQWVDQGEHQ
]RGLD]HSLQHVFOLQLFDOXVHRIWKHODWWHUWZRFODVVHVRIPHGLFDWLRQVKRZHYHU
LVPRUHOLPLWHGEHFDXVHRIWROHUDELOLW\DQGGHSHQGHQF\SUREOHPV
*$'LVDFKURQLFFRQGLWLRQWKDWLVXVXDOO\SUHVHQWIRU\HDUVZLWKV\PSWRPV
W\SLFDOO\ÀXFWXDWLQJ LQ LQWHQVLW\RYHU WLPH ,QFRQWUDVW WKHUHDUHIHZFRQ
WUROOHGPHGLFDWLRQWULDOVEH\RQGWKHDFXWHWUHDWPHQWSKDVHRIZHHNV5H
ODSVHSUHYHQWLRQVWXGLHVDQGORQJHUWHUPFRQWLQXDWLRQVWXGLHVDUHEHFRPLQJ
DYDLODEOHKRZHYHUDQGWKH¿QGLQJVVWURQJO\VXSSRUWWKHYDOXHRIFRQWLQXHG
WUHDWPHQWIRUDWOHDVWDQDGGLWLRQDOPRQWKV
5HVXOWV IURP UHFHQW VKRUW DQG ORQJWHUP UDQGRPLVHG FOLQLFDO WULDOV DQG
PHWDDQDO\VHVZLOOEHGLVFXVVHGSDUWLFXODUO\ZLWKUHVSHFWWRRSWLPLVLQJWKH
SKDUPDFRORJLFDOWUHDWPHQWRI*$'
3ATELLITE¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6$
7KH(YLGHQFH%DVHIRU7UHDWPHQWRI$Q[LHW\'LVRUGHUV
'DQ6WHLQ
8QLYHUVLW\RI6WHOOHQERVFK7\JHUEHUJ&DSH7RZQ6RXWK$IULFD
DQG8QLYHUVLW\RI)ORULGD*DLQHVYLOOH86$
,QFUHDVHG UHFRJQLWLRQ RI WKH SUHYDOHQFH DQG GLVDELOLW\ RI WKH DQ[LHW\
GLVRUGHUV WRJHWKHU ZLWK WKH DGYHQW RI QHZ HI¿FDFLRXV DQGZHOOWROHUDWHG
WUHDWPHQWVKDVJLYHQLPSHWXVWRWKHGHYHORSPHQWRIJXLGHOLQHVIRUWKHPDQ
DJHPHQWRIWKHVHFRQGLWLRQV
*XLGHOLQHVDUHRQO\DVJRRGDVWKHHYLGHQFHRQZKLFKWKH\UHVWKHUHUHOHYDQW
FOLQLFDO VWXGLHVZLOO EH GLVFXVVHG D IRFXV RQZRUN RQ VHOHFWLYH VHURWRQLQ
UHXSWDNH LQKLELWRUV DQG VHURWRQLQQRUDGUHQDOLQH UHXSWDNH LQKLELWRUV LQ WKH
DQ[LHW\GLVRUGHUV
*XLGHOLQHVRXJKW WRDGGUHVV WKHFRPRUELGLW\DPRQJDQ[LHW\GLVRUGHUVDQG
EHWZHHQDQ[LHW\GLVRUGHUVDQGPDMRUGHSUHVVLRQ+RZHYHUZKLOHVXFKFR
PRUELGLW\LVW\SLFDOLQFOLQLFDOSUDFWLFHLWLVQRWRIWHQDGGUHVVHGLQUHVHDUFK
FOLQLFDOWULDOV1HYHUWKHOHVVWKHUHLVGDWDZKLFKFDQEHGUDZQRQLQRUGHUWR
DGGUHVVWKLVLVVXH
$QDO\VLVRIUHFHQWVWXG\GDWDDFURVVDQ[LHW\GLVRUGHUVVRFLDODQ[LHW\GLVRU
GHUJHQHUDOL]HGDQ[LHW\GLVRUGHUSDQLFGLVRUGHUDQGZLWKLQVXEW\SHVPD\
SURYLGH DGGLWLRQDO LQVLJKW LQWR WKH TXHVWLRQ RI KRZ RSWLPDOO\ WR PDQDJH
WKHVHLPSDLULQJGLVRUGHUV
6$
:DV.UDHSHOLQ:URQJ"&KDOOHQJHVWRWKH6FKL]RSKUHQLD
%LSRODU'LFKRWRP\
6XSSRUWHGE\DQXQUHVWULFWHGHGXFDWLRQDOJUDQWIURP
$VWUD=HQHFD
6$
*HQHWLFV7KH.H\WR8QGHUVWDQGLQJWKH2YHUODSEHWZHHQ
6FKL]RSKUHQLDDQG%LSRODU'LVRUGHU
5RELQ0XUUD\
,QVWLWXWHRI3V\FKLDWU\'H&ULVSLJQ\3DUN/RQGRQ8.
2EMHFWLYHV 7R H[DPLQH WKH .UDHSHOLQLDQ YLHZ WKDW VFKL]RSKUHQLD DQG
ELSRODUGLVRUGHUDUH WZRGLVWLQFW V\QGURPHV LQ OLJKWRI UHFHQWDGYDQFHV LQ
JHQHWLFWHFKQRORJ\
0HWKRGV*HQHWLFOLQNDJHDQGDVVRFLDWLRQVWXGLHVLGHQWLI\LQJVXVFHSWLELOLW\
JHQHVWKDWPD\FRQIHUDQLQFUHDVHGULVNRIVFKL]RSKUHQLDRUELSRODUGLVRUGHU
ZHUHUHYLHZHG
5HVXOWV*HQHWLFHSLGHPLRORJLFDOVWXGLHVFRQFXUWKDWVXVFHSWLELOLW\WRERWK
VFKL]RSKUHQLDDQGELSRODUGLVRUGHULVWUDQVPLWWHGJHQHWLFDOO\ZLWKKHULWDELO
LW\HVWLPDWHVRIDSSUR[LPDWHO\DQGOLIHWLPHULVNVRIDSSUR[LPDWHO\
IRUERWKGLVRUGHUV6LPLODUFRQFRUGDQFHUDWHVIRUVFKL]RSKUHQLDDQGELSRODU
GLVRUGHUKDYHEHHQGHPRQVWUDWHGLQPRQR]\JRWLFWZLQVDQGWKHRFFXUUHQFH
RISDLUVZKHUHRQHWZLQKDVVFKL]RSKUHQLDDQGWKHVHFRQGLVPDQLFKDVEHHQ
REVHUYHG)URPIDPLO\VWXGLHVWKHULVNIRUELSRODUGLVRUGHULQ¿UVWGHJUHH
UHODWLYHVRILQGLYLGXDOVZLWKVFKL]RSKUHQLDLVNQRZQWREHHOHYDWHGDQGYLFH
YHUVD3ODXVLEOHVXVFHSWLELOLW\JHQHVIRUVFKL]RSKUHQLDLQFOXGHQHXUHJXOLQ
15* G\VELQGLQ UHJXODWRU RI *SURWHLQ VLJQDOOLQJ 5*6 EUDLQ
GHULYHG QHXURWURSKLF IDFWRU %'1) SUROLQH GHK\GURJHQDVH 352'+
GLVUXSWHGLQVFKL]RSKUHQLD',6&FDWHFKRO2PHWK\OWUDQVIHUDVH&207
DQG*)RUELSRODUGLVRUGHU OLQNDJHKDVEHHQ UHSRUWHGZLWK ORFLRQ
FKURPRVRPHVTTDQGT
$ QXPEHU RI JHQHV LQFOXGLQJ * &207 ',6& DQG %'1) KDYH EHHQ
UHSRUWHGWRLQFUHDVHULVNRIERWKVFKL]RSKUHQLDDQGELSRODUGLVRUGHU7KHVH
¿QGLQJVVXJJHVWWKDWVKDUHGJHQHVDUHDPRQJWKHUHDVRQVIRUVLPLODULWLHVEH
WZHHQVFKL]RSKUHQLDDQGELSRODUGLVRUGHUKRZHYHULWVKRXOGEHUHFRJQLVHG
WKDWGLVWLQFWJHQHWLFDQGHQYLURQPHQWDOIDFWRUVGLVWLQJXLVKWKHVHWZRGLVRU
GHUV&RPSOLFDWLRQVRISUHJQDQF\DQGELUWKVWUXFWXUDOEUDLQDEQRUPDOLWLHV
DQGORZSUHPRUELG,4OHYHOVDUHDPRQJIDFWRUVWKDWDSSHDUWRKDYHLPSRUWDQW
UROHVLQWKHGHYHORSPHQWRIVFKL]RSKUHQLDEXWQHXURGHYHORSPHQWDOLPSDLU
PHQWGRHVQRWDSSHDUWRSOD\DQLPSRUWDQWUROHLQELSRODUGLVRUGHU+RZHYHU
WKHLPSDFWRIOLIHHYHQWVLVDVLJQL¿FDQWIDFWRULQWKHGHYHORSPHQWRIELSRODU
GLVRUGHUEXWKDVRQO\DPRGHVWHIIHFWLQVFKL]RSKUHQLD
&RQFOXVLRQV 6FKL]RSKUHQLD DQG ELSRODU GLVRUGHU DSSHDU WR EH VXEMHFW WR
WKHLQÀXHQFHRIFRPPRQJHQHVLHJHQHVZKLFKSUHGLVSRVHWRSV\FKRVLVLQ
JHQHUDO7KHVHJHQHVGHWHUPLQHWKHLUFRPPRQDOLWLHV+RZHYHUDQXPEHURI
GLVWLQFW JHQHWLF DQG HQYLURQPHQWDO IDFWRUV GHWHUPLQH WKHLU GLIIHUHQFHV ,Q
SDUWLFXODUJHQHVDQGHQYLURQPHQWDOIDFWRUVLPSDFWLQJRQQHXURGHYHORSPHQW
DUHPRUHLPSRUWDQWLQVFKL]RSKUHQLD.UDHSHOLQ¶VWKHRU\WKDWVFKL]RSKUHQLD
DQGELSRODUGLVRUGHUDUHGLVWLQFWGLVHDVHVLVQHLWKHUZKROO\ULJKWQRUZKROO\
ZURQJ
5HIHUHQFHV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+RZ$QWLSV\FKRWLFVEHFRPH$QWL3V\FKRWLF±7KRXJKWV
5HJDUGLQJWKH0HFKDQLVPV
6KLWLM.DSXU
&HQWUHIRU$GGLFWLRQDQG0HQWDO+HDOWKDQGWKH'HSDUWPHQWRI
3V\FKLDWU\8QLYHUVLW\RI7RURQWR2QWDULR&DQDGD
2EMHFWLYHV 7R GLVFXVV WKHRULHV UHJDUGLQJ GRSDPLQH DQG KRZ WKH\ UHODWH
WR SV\FKRVLV DQG DQWLSV\FKRWLF WUHDWPHQW LQ VFKL]RSKUHQLD DQG ELSRODU
GLVRUGHU
0HWKRGV $ UHYLHZ RI FXUUHQW WKLQNLQJ RQ WKH UROH RI GRSDPLQH LQ WKH
SDWKRSK\VLRORJ\RIVFKL]RSKUHQLDDQGELSRODUGLVRUGHUDQGWKHPHFKDQLVP
RIDFWLRQRIDQWLSV\FKRWLFV
5HVXOWV$QWLSV\FKRWLFVDUHHIIHFWLYHLQWKHFRQWURORIV\PSWRPVRIVFKL]R
SKUHQLD DQGPDQLD DQG HPHUJLQJ HYLGHQFH KLQWV WKDW DW\SLFDO DJHQWV DUH
HIIHFWLYH LQ ORQJWHUP UHPLVVLRQ RI ELSRODU GLVRUGHU MXVW DV WKH\ DUH LQ
VFKL]RSKUHQLD :KLOH WKH WZR LOOQHVVHV DUH QRW LGHQWLFDO WKH\ GR VKRZ
SDUWLDO RYHUODS DV ZHOO DV GLVWLQFW IHDWXUHV LQ JHQHWLF DQWHFHGHQWV VWUXF
WXUDO EUDLQ FKDQJHV QHXURFKHPLFDO DEQRUPDOLWLHV DQG ORQJWHUPRXWFRPH
(YLGHQFHVXJJHVWVWKDWSV\FKRVLVDQGPDQLDPD\ERWKEHFKDUDFWHULVHGE\D
K\SHUGRSDPLQHUJLFVWDWH,WLVQRWVXUSULVLQJWKHQWKDWDQWLSV\FKRWLFVZLWK
GRSDPLQHEORFNLQJSURSHUWLHVDUHHIIHFWLYHLQLQGXFLQJUHPLVVLRQLQWKHVH
VWDWHV%XWKRZGRHVDQDEQRUPDOLW\LQDFKHPLFDOGRSDPLQHJLYHULVHWR
WKHH[SHULHQFHRISV\FKRVLVRUPDQLDERWKRIZKLFKDUHH[SHULHQFHVDWWKH
µPLQG¶RUSKHQRPHQRORJLFDOOHYHO"'RSDPLQH¿ULQJKDVDUROHLQGHWHFWLRQ
RIQRYHOXQSUHGLFWHGUHZDUGVDQGGRSDPLQHUHOHDVHKDVDFHQWUDO UROH LQ
PHGLDWLQJ µVDOLHQFH¶ RI WKH HQYLURQPHQW DQG LWV LQWHUQDO UHSUHVHQWDWLRQV
:HSURSRVHWKDWLQWKHFRQWH[WRISV\FKRVLVDG\VUHJXODWHGK\SHUGRSDPLQ
HUJLF VWDWH OHDGV WRDSURFHVVRIKHLJKWHQHG VHQVHRIQRYHOW\DQGDEHUUDQW
DVVLJQPHQWRIVDOLHQFHWRHQYLURQPHQWDOVWLPXOL'HOXVLRQVDUHDFRJQLWLYH
HIIRUWE\ WKHSDWLHQW WRPDNHVHQVHRI WKHVHDEHUUDQWO\VDOLHQWH[SHULHQFHV
DQG DVVRFLDWLRQVZKHUHDVKDOOXFLQDWLRQV UHÀHFW D GLUHFW H[SHULHQFHRI WKH
DEHUUDQW VDOLHQFH RI LQWHUQDO UHSUHVHQWDWLRQV $QWLSV\FKRWLFV H[HUW WKHLU
DQWLµSV\FKRWLF¶ HIIHFW E\ µGDPSHQLQJ¶ WKH PRWLYDWLRQDO VDOLHQFH RI WKHVH
DEQRUPDOH[SHULHQFHVDQGDVVRFLDWLRQVDQGE\GRLQJVRSURYLGHDSODWIRUP
IRU SV\FKRORJLFDO UHVROXWLRQ RI V\PSWRPV +RZHYHU DQWLSV\FKRWLFV GR
QRW HOLPLQDWH WKH DHWLRSDWKRORJ\ VR UHODSVH RFFXUV ZKHQ PHGLFDWLRQ LV
ZLWKGUDZQ2QH RI WKH FKDOOHQJHV LQ OLQNLQJ DQWLSV\FKRWLF DQG DQWLPDQLF
IXQFWLRQVRFORVHO\WRWKHGRSDPLQHEORFNLQJSURSHUWLHV LV WKHSDUDGR[RI
µGHOD\HGRQVHW¶RIDQWLSV\FKRWLFVEXWWKHUHDUHGDWDWRVKRZWKDWWKHHIIHFWRI
DQWLSV\FKRWLFVLQERWKPDQLDDQGVFKL]RSKUHQLDLVQRWGHOD\HG
&RQFOXVLRQV6HYHUDOOLQHVRIHYLGHQFHLPSOLFDWHGRSDPLQHLQWKHSDWKRJHQ
HVLVRISV\FKRVLVLQVFKL]RSKUHQLDDQGWKHPDQLFSKDVHRIELSRODUGLVRUGHU
DQGWKHUROHRIGRSDPLQHDQGDQWLSV\FKRWLFVFDQEHXQGHUVWRRGZLWKUHIHU
HQFHWRQRYHOW\UHZDUGDQGVDOLHQFH2WKHUQHXURWUDQVPLWWHUVDUHDOVROLNHO\
WREHLQYROYHGLQWKHRWKHUV\PSWRPGRPDLQVRIWKHVHFRQGLWLRQV
5HIHUHQFHV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7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
6$
%ULGJLQJWKH'LYLGH7KH8VHRI$W\SLFDO$QWLSV\FKRWLFVLQ
6FKL]RSKUHQLDDQG%LSRODU'LVRUGHU
+HQU\$1DVUDOODK
8QLYHUVLW\RI&LQFLQQDWL0HGLFDO&HQWHU&LQFLQQDWL2KLR86$
2EMHFWLYHV 7R H[DPLQH WKH UHODWLYH HI¿FDF\ RI DW\SLFDO DQWLSV\FKRWLFV
DFURVVWKHV\PSWRPGRPDLQVRIERWKVFKL]RSKUHQLDDQGELSRODUGLVRUGHU
0HWKRGV$UHYLHZRIFOLQLFDOVWXGLHVDQGPHWDDQDO\VHVRIDW\SLFDODQWLSV\
FKRWLFVIRUWKHWUHDWPHQWRIVFKL]RSKUHQLDDQGELSRODUGLVRUGHU
5HVXOWV 6HYHUDO VWXGLHV KDYH GHPRQVWUDWHG WKDW DW\SLFDO DQWLSV\FKRWLFV
DUHDVHIIHFWLYHDVFRQYHQWLRQDODJHQWV LQ UHGXFLQJ WKHSRVLWLYHV\PSWRPV
RI VFKL]RSKUHQLD DQG DUHPRUH HI¿FDFLRXV LQ WUHDWLQJ QHJDWLYH FRJQLWLYH
DQG DIIHFWLYH V\PSWRPV$ UHYLHZ RI  VWXGLHV RI SDWLHQWV ZLWK DFXWH
VFKL]RSKUHQLD WUHDWHGZLWKRODQ]DSLQH ULVSHULGRQHRUTXHWLDSLQH IRXQGQR
VWDWLVWLFDOO\VLJQL¿FDQWGLIIHUHQFHVDPRQJDJHQWVLQWHUPVRIPHDQFKDQJHLQ
WRWDOSRVLWLYHDQGQHJDWLYH3$166VFRUHV+HDGWRKHDGVWXGLHVRIYDULRXV
DW\SLFDOVKDYHVKRZQVLPLODUHI¿FDF\DJDLQVWSRVLWLYHQHJDWLYHDQGFRJQL
WLYHV\PSWRPV
,Q DGGLWLRQ WR VFKL]RSKUHQLD DW\SLFDO DQWLSV\FKRWLFV KDYH EHHQ DSSURYHG
IRU DQG DUHZLGHO\ XVHG LQ WKH WUHDWPHQW RI ELSRODUPDQLD ,Q VWXGLHV RI
SDWLHQWVZLWKELSRODU,GLVRUGHUWKHDW\SLFDOVGHPRQVWUDWHGVXSHULRUHI¿FDF\
WRSODFHERIURP'D\VRQZDUGV)XUWKHUPRUHSODFHERFRQWUROOHGWULDOV
RITXHWLDSLQHSOXVGLYDOSURH[KDYHGHPRQVWUDWHGWKHHI¿FDF\RITXHWLDSLQH
FRPELQDWLRQWKHUDS\LQPDQLDRWKHUDW\SLFDOPRRGVWDELOLVHUFRPELQDWLRQV
VKRZVLPLODUHI¿FDF\
7KHUHLVDOVRSURJUHVVLQWKHWUHDWPHQWRIELSRODUGHSUHVVLRQZLWKDW\SLFDO
DQWLSV\FKRWLFV ,QD UHFHQWZHHNGRXEOHEOLQGSODFHERFRQWUROOHGVWXG\
RI ELSRODU GHSUHVVLRQ TXHWLDSLQH PRQRWKHUDS\ VLJQL¿FDQWO\ GHFUHDVHG
0$'56 DQG +$0' VFRUHV FRPSDUHG ZLWK SODFHER IURP :HHN  RQ
ZDUGV:KHQVWXGLHVDUHFRPSDUHGTXHWLDSLQHDQGPJGD\KDV
WKHODUJHVWHIIHFWVL]HRIDOOQHZWUHDWPHQWVLQFOXGLQJRODQ]DSLQHÀXR[HWLQH
FRPELQDWLRQDQGODPRWULJLQHWKHUDS\
&RQFOXVLRQV &OLQLFDO VWXGLHV RI DW\SLFDO DQWLSV\FKRWLFV LQ VFKL]RSKUHQLD
DQGELSRODUPDQLDVKRZVLPLODUHI¿FDF\DPRQJWKHVHDJHQWVDWHTXLYDOHQW
GRVHVKRZHYHUUHVXOWVIURPRQHVWXG\VXJJHVWDQDGYDQWDJHIRUTXHWLDSLQH
RYHURWKHUDW\SLFDODQWLSV\FKRWLFVLQWKHWUHDWPHQWRIELSRODUGHSUHVVLRQ
5HIHUHQFHV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1HZHU*HQHUDWLRQ$QWLSV\FKRWLFVLQ6FKL]RSKUHQLD
DQG%LSRODU'LVRUGHU±,PSOLFDWLRQVIRU.UDHSHOLQLDQ
&ODVVLILFDWLRQ
.15R\&KHQJDSSD
:HVWHUQ3V\FKLDWULF,QVWLWXWHDQG&OLQLF8QLYHUVLW\RI3LWWVEXUJK
0HGLFDO&HQWHU8QLYHUVLW\RI3LWWVEXUJK6FKRRORI0HGLFLQH86$
2EMHFWLYHV7RH[DPLQHWKHGRPDLQVRISV\FKRSDWKRORJ\LPSDFWHGE\WKH
VHFRQG JHQHUDWLRQ DQWLSV\FKRWLF DJHQWV LQ RUGHU WR HYDOXDWH ZKHWKHU WKH
.UDHSHOLQLDQ GLFKRWRP\ UHJDUGLQJ VFKL]RSKUHQLD DQG ELSRODU GLVRUGHU LV
LQFRUUHFWRUZKHWKHUVHFRQGJHQHUDWLRQDJHQWVDUHQRQVSHFL¿FLPSDFWLQJ
FRPPRQEXWQRQVSHFL¿FV\PSWRPFOXVWHUV
0HWKRGV 8VLQJ FDVH VWXGLHV HI¿FDF\ DQG QDWXUDOLVWLF GDWD DUJXPHQWV
IRUDQGDJDLQVWWKH.UDHSHOLQLDQGLFKRWRP\YHUVXVGUXJVSHFL¿FLW\ZLOOEH
UHYLHZHG
5HVXOWV (I¿FDF\ HIIHFWLYHQHVV DQG FDVH VWXG\ GDWD VKRZ WKDW QHZHU
DQWLSV\FKRWLF DJHQWV DUH HIIHFWLYH DQWLPDQLF DQG DQWLSV\FKRWLF DJHQWV
FRQWUROOLQJ PRWRU H[FLWHPHQW DJLWDWLRQ GHOXVLRQV DQG KDOOXFLQDWLRQV LQ
ERWK VFKL]RSKUHQLD DQG ELSRODU GLVRUGHU 6RPH RI WKHVH DJHQWV DOVR KDYH
FOHDU EHQH¿WV LQ ELSRODU GHSUHVVLRQ DQG LPSURYH QHJDWLYH DQG DIIHFWLYH
V\PSWRPV LQ VFKL]RSKUHQLD 0RUH UHFHQWO\ WKH HIIHFWLYHQHVV RI VHFRQG
JHQHUDWLRQDQWLSV\FKRWLFVKDVEHHQVKRZQWRH[WHQGEH\RQGWKHFRQWURORI
FRUHV\PSWRPVWRGRPDLQVSUHYLRXVO\YLHZHGDWEHVWZLWKSHVVLPLVPDQG
VFHSWLFLVP0DQ\LIQRWPRVWDJHQWVLPSURYHFHUWDLQFRJQLWLYHGRPDLQVLQ
VFKL]RSKUHQLDDQGLWLVOLNHO\WKDWVLPLODUUHVXOWVZLOOEHVHHQLQSDWLHQWVZLWK
ELSRODUGLVRUGHU3DWLHQWV IDPLO\PHPEHUVDQGFDUHJLYHUVUHSRUW LPSURYH
PHQWVLQVRFLDOIXQFWLRQLQJRUZRUNSURGXFWLYLW\IROORZLQJWUHDWPHQWZLWK
VHFRQGJHQHUDWLRQDJHQWV5HFHQWGDWD DOVR VKRZ WKDW WKHVHGUXJVSUHYHQW
UHODSVHRIHSLVRGHVLQERWKVFKL]RSKUHQLDDQGELSRODUGLVRUGHU
&RQFOXVLRQV:KLOH WKHDHWLRSDWKRJHQHVLVRIZKDWZH WHUPVFKL]RSKUHQLD
RUELSRODUGLVRUGHUUHPDLQVDP\VWHU\IRU WKHPRVWSDUW LW LVSRVVLEOH WKDW
.UDHSHOLQZDV LQ IDFW FRUUHFW LQ XVLQJ SKHQRPHQRORJ\ WR GHVFULEH WKHVH
WZRPDMRU IXQFWLRQDO SV\FKRVHV1RQHWKHOHVV LQ WKH DEVHQFH RI µVSHFL¿F¶
WUHDWPHQWVWKHDYDLODEOHGDWDVXJJHVWWKDWWKHVHQHZHUDQWLSV\FKRWLFDJHQWV
DUH EHQH¿FLDO WR SDWLHQWV ZLWK HLWKHU VFKL]RSKUHQLD RU ELSRODU LOOQHVV$V
WKHVHDUHOLIHORQJLOOQHVVHVIRUPRVWSDWLHQWVWKHORQJWHUPEHQH¿WYHUVXV
VLGHHIIHFWSUR¿OHVKRXOGEHXVHG WRGHWHUPLQH WKHPRVWDSSURSULDWHDJHQW
IRUHDFKSDWLHQW
6$
5HVSRQVH5HPLVVLRQ5HFRQQHFWLRQ&DQ:H&KDQJH2XU
7UHDWPHQW*RDOVLQ6FKL]RSKUHQLD"
6XSSRUWHGE\DQXQUHVWULFWHGHGXFDWLRQDOJUDQWIURP
-DQVVHQ&LODJ
6$
'HILQLQJ6XFFHVVLQWKH7UHDWPHQWRI6FKL]RSKUHQLD)URP
3UHYHQWLQJ5HODSVHWR$FKLHYLQJ5HPLVVLRQ
1DQF\$QGUHDVHQ
8QLYHUVLW\RI,RZD86$
$GYDQFHV LQ RXU XQGHUVWDQGLQJ RI WKH DHWLRORJ\ FRXUVH DQG WUHDWPHQW RI
VFKL]RSKUHQLDKDYH OHG WR DQ LQFUHDVHG DZDUHQHVVRI WKHQHHG IRUGH¿QHG
VWDQGDUGVDJDLQVWZKLFKWRMXGJHFOLQLFDOLPSURYHPHQWERWKLQFOLQLFDOWULDO
VHWWLQJVDQGLQURXWLQHFOLQLFDOSUDFWLFH$VD¿UVWVWHSWRZDUGVGHYHORSLQJ
VXFKVWDQGDUGVDQ([SHUW:RUNLQJ*URXSKDVUHYLHZHGFXUUHQWO\DYDLODEOH
GH¿QLWLRQV DQGDVVHVVPHQW LQVWUXPHQWV LQ VFKL]RSKUHQLD $QGUHDVHQHW DO

$VSDUWRIWKLVLQLWLDWLYHZHUHYLVLWHGWKHFRQFHSWXDOIUDPHZRUNRQZKLFKZH
EDVHRXUDSSURDFKWRWKHPDQDJHPHQWRI WKHLOOQHVVDQGZKLFKLQÀXHQFHV
KRZZH GHVFULEH LW WR RXU SDWLHQWV DQG WKHLU IDPLOLHV:KDWZH UHJDUG DV
VXFFHVV LQ WUHDWLQJVFKL]RSKUHQLDKDVHYROYHGVXEVWDQWLDOO\ IURPUHGXFLQJ
WKH ULVNRIKDUP WRVHOIDQGRWKHUV WKURXJKFRQWURORISRVLWLYH DQGPRUH
UHFHQWO\ QHJDWLYH V\PSWRPV WRZDUGV SUHYHQWLQJ UHODSVH DQG DFKLHYLQJ
LPSURYHPHQWVLQGDLO\IXQFWLRQLQJ*LYHQWKHODWWHUPRUHDPELWLRXVREMHF
WLYHVWKHREMHFWLYHRIWKH:RUNLQJ*URXSZDVWRDFKLHYHDFRQVHQVXVDURXQG
DSURSRVDOIRURSHUDWLRQDOFULWHULDIRUV\PSWRPDWLFUHPLVVLRQRIVFKL]RSKUH
QLD,QNHHSLQJZLWKWUDGLWLRQDOFRQFHSWVRIUHPLVVLRQLQSV\FKLDWULFDQGQRQ
SV\FKLDWULF LOOQHVV WKH FRQVHQVXV FULWHULD DUH EDVHG RQ DFKLHYLQJ VSHFL¿F
V\PSWRPVHYHULW\WKUHVKROGVWKLVEHLQJPDLQWDLQHGIRUDVSHFL¿FSHULRGRI
WLPH$QGUHDVHQHWDO
,QPDMRUGHSUHVVLRQWKHFRQFHSWRIUHPLVVLRQZDV¿UVWFRQWHPSODWHGPRUH
WKDQ\HDUV)UDQNHWDODQGUHPLVVLRQLVQRZUHJDUGHGDVDUHDO
LVWLFWUHDWPHQWJRDOIRUPDQ\SDWLHQWVZLWKGHSUHVVLRQDQGDQ[LHW\GLVRUGHUV
%DOOHQJHU  5HPLVVLRQ RI VFKL]RSKUHQLD PD\ DSSHDU WR EH D PRUH
FKDOOHQJLQJ REMHFWLYH +RZHYHU DV LQ PDMRU GHSUHVVLRQ WKH FRQVHQVXV
FULWHULDGRQRWUHTXLUHV\PSWRPVWREHDEVHQWEXWDWDOHYHOPLOGRUOHVVRQ
WKH3$166VFDOHZKLFKGRHVQRWLQWHUIHUHZLWKGDLO\IXQFWLRQLQJ,WVKRXOG
EHQRWHGWKDWUHPLVVLRQLVDQHFHVVDU\VWHSWRZDUGVUHFRYHU\ZKLFKKDVEHHQ
GH¿QHGDVDFRPSOHWHDEVHQFHRIV\PSWRPVIRUDWOHDVWWZR\HDUV7KHDF
3ATELLITE¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
FHSWDQFHDQGLPSOHPHQWDWLRQRIWKHUHPLVVLRQFULWHULDZLOODOORZXVWRGH¿QH
RXU WUHDWPHQWJRDOVPRUHFOHDUO\ DQGZLOO VXSSRUW DSRVLWLYH ORQJHUWHUP
DSSURDFKWRVWXG\LQJRXWFRPHLQSDWLHQWVZLWKVFKL]RSKUHQLD
,Q UHODWLRQ WR RXU FRQFHSWXDO IUDPHZRUN IRU VFKL]RSKUHQLD DFFHSWDQFH RI
UHPLVVLRQDVDYDOLGFRQFHSWUHTXLUHVXVWRUHHYDOXDWHRXUH[SHFWDWLRQVIRU
SDWLHQWV WR VHWPRUHDPELWLRXVREMHFWLYHV IRU ORQJWHUPRXWFRPHV DQG WR
FRPPXQLFDWHWKHVHJRDOVWRRXUSDWLHQWV,QGRLQJVRZHZLOOKHOSSDWLHQWV
DQGWKHLUIDPLOLHVWRWKLQNPRUHSRVLWLYHO\DERXWWKHLULOOQHVVDQGWRUHJDUG
VFKL]RSKUHQLDDVDPDQDJHDEOHGLVHDVH
5HIHUHQFHV
$QGUHDVHQ1&HWDO$P-3V\FKLDWU\LQ3UHVV
)UDQN(HWDO$UFK*HQ3V\FKLDWU\±
%DOOHQJHU-&-&OLQ3V\FKLDWU\VXSSO±
6$
9DOLGDWLQJWKH5HPLVVLRQ&RQFHSW&DQ:H0DNHLW&OLQLFDOO\
0HDQLQJIXOWRWKH3DWLHQWDQGWKH3V\FKLDWULVW"
-RKQ.DQH
7KH=XFNHU+LOOVLGH+RVSLWDO*OHQ2DNV1<86$
)RU WKH FRQFHSW RI UHPLVVLRQ WR JDLQ UHFRJQLWLRQ DV EHLQJPHDQLQJIXO WR
SDWLHQWVDQGFOLQLFLDQVDNH\TXHVWLRQ LVZKHWKHUJLYHQDSSURSULDWH WUHDW
PHQW DQG VXSSRUW UHPLVVLRQ FDQ EH DFKLHYHG E\ D UHDVRQDEOH SURSRUWLRQ
RISDWLHQWV",QWKHDEVHQFHRIDJHQHUDOXQGHUVWDQGLQJRIZKDWLVPHDQWE\
UHPLVVLRQ DQGZLWKRXW VWDQGDUG FULWHULD IHZ FOLQLFDO WULDOV KDYH DVVHVVHG
UHPLVVLRQDVDQRXWFRPHPHDVXUH*LYHQWKHGHYHORSPHQWRIQHZHUPRUH
HIIHFWLYHWUHDWPHQWVLWLVWLPHO\WKDWZHQRZKDYHDWRROZLWKZKLFKWRDVVHVV
WKHHIIHFWLYHQHVVRIRXU LQWHUYHQWLRQVEDVHGRQWKHLUDELOLW\ WREULQJDERXW
UHPLVVLRQRIV\PSWRPVWKLVEHLQJDQHFHVVDU\VWHSLQWKHURDGWRORQJWHUP
UHFRYHU\
:HDSSOLHG WKH UHPLVVLRQFULWHULD UHWURVSHFWLYHO\ WR WKHGDWD IURPD ODUJH
\HDURSHQODEHOWULDORIORQJDFWLQJULVSHULGRQHLQYROYLQJFKURQLFDOO\LOO
SDWLHQWVZLWKVFKL]RSKUHQLDRUVFKL]RDIIHFWLYHGLVRUGHU)OHLVFKKDFNHUHWDO
$VSUHYLRXVO\UHSRUWHGSDWLHQWVH[SHULHQFHGLPSURYHPHQWVLQV\PS
WRPVGXULQJ WUHDWPHQW DQG DIWHU D \HDU RQ PJ ORQJDFWLQJ ULVSHULGRQH
ZHUH UDWHG &*, DV µQRW LOO¶ RU µPLOGO\ LOO¶ FRPSDUHGZLWK  DW
EDVHOLQH)OHLVFKKDFNHUHWDO
5DWHVRIUHPLVVLRQZHUHFDOFXODWHGDFFRUGLQJWRWKHFRQVHQVXVFULWHULDERWK
WKHV\PSWRPVHYHULW\DQGWLPHFRPSRQHQWV'HVSLWHEHLQJFRQVLGHUHGµVWD
EOH¶RISDWLHQWVZHUHQRWLQUHPLVVLRQDWVWXG\HQWU\EDVHGRQV\PSWRP
VHYHULW\DORQH2IWKHSDWLHQWVZKRZHUHQRWLQUHPLVVLRQDWEDVHOLQH
DFKLHYHGUHPLVVLRQGXULQJWKHVWXG\DQGRIWKHVHZHUHDEOHWRVXVWDLQ
WKLVIRUDWOHDVWPRQWKV.DQHHWDO$PRQJWKRVHZKRZHUHLQUHPLV
VLRQDWEDVHOLQHPDLQWDLQHGGXULQJ WKHVWXG\3DWLHQWVZKRDFKLHYHG
UHPLVVLRQH[SHULHQFHGVLJQL¿FDQWLPSURYHPHQWVLQTXDOLW\RIOLIHPHDVXUHG
XVLQJWKH6)VFDOH7KHVHUHVXOWVLQGLFDWHWKDWWKHUHPLVVLRQFULWHULDDUH
FOLQLFDOO\PHDQLQJIXOLQWKDWWKH\GH¿QHDQRXWFRPHZKLFKLVDFKLHYDEOHIRU
DVLJQL¿FDQWSURSRUWLRQRISDWLHQWVXQGHUFOLQLFDOWULDOFRQGLWLRQV
7KHUHPLVVLRQFULWHULDKDYHQRZEHHQDSSOLHGSURVSHFWLYHO\WRDVL[PRQWK
RSHQODEHOQRQLQIHULRULW\WULDO6WR50LLQYROYLQJDWRWDORISDWLHQWV
ZLWK VFKL]RSKUHQLD DQG RWKHU SV\FKRWLF GLVRUGHUV VZLWFKHG GLUHFWO\ IURP
RUDORUGHSRWDQWLSV\FKRWLFWRORQJDFWLQJULVSHULGRQH3DWLHQWVZHUHMXGJHG
WREHVWDEOHRQWKHLUSUHYLRXVPHGLFDWLRQ'XULQJWKHVWXG\WKHUHZDVDQLP
SURYHPHQWLQV\PSWRPDWRORJ\3$166WRWDOVFRUHVDQGDQLQFUHDVHLQWKH
SURSRUWLRQRISDWLHQWVMXGJHGWREHPLOGO\LOORUOHVV&*,RISDWLHQWV
ZHUH LQ UHPLVVLRQDWEDVHOLQHDQGRI WKRVHZKRZHUHQRW SDWLHQWV
DFKLHYHGUHPLVVLRQDIWHUZHHNVRIWUHDWPHQW7KHVH¿QGLQJV
SURYLGHIXUWKHUVXSSRUWIRUWKHYDOLGLW\RIWKHUHPLVVLRQFULWHULDLQGLFDWLQJ
WKDWWKHFULWHULDSURYLGHDQDFKLHYDEOHLQGH[RILPSURYHPHQWHYHQIRUSD
WLHQWVZKRDUHVWDEOHEXWFKURQLFDOO\LOO$OWKRXJKSUHOLPLQDU\WKHVH¿QGLQJV
DUHFOHDUO\ZRUWK\RIIXUWKHULQYHVWLJDWLRQ
5HIHUHQFHV
.DQH-0HWDOQG$QQXDO0HHWLQJRIWKH$&136DQ-XDQ3XHUWR5LFR

)OHLVFKKDFNHU::HWDO-RXUQDORI&OLQLFDO3V\FKLDWU\±
6$
$Q,QQRYDWLYH6WUDWHJ\IRU,PSURYLQJ/RQJ7HUP2XWFRPHLQ
(DUO\3V\FKRVLV3DWLHQWV&KDOOHQJLQJWKH7UHDWPHQW3DUDGLJP
5RELQ(PVOH\
8QLYHUVLW\RI6WHOOHQERVFK&DSH7RZQ6RXWK$IULFD
0RVW SHRSOH H[SHULHQFH DW OHDVW RQH UHODSVH RIWHQPRUH DIWHU WKHLU ¿UVW
DFWLYHO\SV\FKRWLFHSLVRGH*DHEHOHWDO:LHUVPDHWDO2YHU
WLPHSHRSOHPD\OHDUQZD\VRIPDQDJLQJWKHLUV\PSWRPVWRPRGHUDWHWKHLU
GLVUXSWLYHQHVVWRGDLO\OLIH+DPHUDHWDOVRWKHHDUOLHU\HDUVRIWKH
LOOQHVV DUH RIWHQ WKH PRVW GLI¿FXOW &RPPRQO\ SDWLHQWV ¿QG ORQJ GHOD\V
EHWZHHQH[SHULHQFLQJ WKHLU¿UVWSV\FKRWLFHSLVRGHDQGREWDLQLQJDGHTXDWH
WUHDWPHQW6XFKGHOD\VDSSHDUWRLQFUHDVHWKHULVNRIORQJHUHSLVRGHVRIDFXWH
LOOQHVVRYHUWLPH:LHUVPDHWDO
(DUO\ WUHDWPHQWZLWK DQWLSV\FKRWLFPHGLFDWLRQV KDV EHHQ IRXQG WR SUHGLFW
EHWWHUORQJWHUPRXWFRPHVIRUSHRSOHH[SHULHQFLQJWKHLU¿UVWSV\FKRWLFHSL
VRGHDVFRPSDUHGZLWKDYDULHW\RIFRQWUROJURXSVLQFOXGLQJWKRVHLQPRUH
DGYDQFHGVWDJHV/LHEHUPDQHWDO:\DWW	+HQWHU,QSUDFWLFH
WKHUH LV D KLJK UDWH RI UHODSVH !ZLWKLQ  \HDUV RI UHFRYHU\ IURP D
¿UVWHSLVRGHRISV\FKRVLV 5RELQVRQHWDO7KH LPSDFWRISV\FKRWLF
UHODSVHVRQORQJWHUPRXWFRPHFDQEHSURIRXQGZLWKHDFKUHODSVHUHFRYHU\
FDQ EH VORZHU DQG OHVV FRPSOHWH OHDGLQJ WRPRUH IUHTXHQW DGPLVVLRQV WR
KRVSLWDOLQFUHDVHGULVNRIUHVLVWDQFHWRWUHDWPHQWDQGJUHDWHUGLI¿FXOWLHVLQ
UHJDLQLQJSUHYLRXVOHYHOVRIIXQFWLRQLQJ0DQ\FOLQLFLDQVUHJDUGUHODSVHVDV
VRPHWKLQJWKDWSDWLHQWVVKRXOGH[SHFWWRH[SHULHQFHDVSDUWRIWKHFRXUVHRI
LOOQHVVEXWWKLVXQGHUYDOXHVWKHQDWXUHRIUHODSVHDVDPHGLFDOHPHUJHQF\
SDUWLFXODUO\HDUO\LQWKHLOOQHVV
7KHPRVWLPSRUWDQWULVNIDFWRUIRUUHODSVHLVVWRSSLQJPHGLFDWLRQ7KHULVN
RI D ¿UVW RU VHFRQG UHODSVHZKHQ QRW WDNLQJPHGLFDWLRQ LV DSSUR[LPDWHO\
¿YHWLPHVJUHDWHUWKDQZKHQUHFHLYLQJDSSURSULDWHPHGLFDWLRQ5RELQVRQHW
DO0RUHRYHU WUHDWPHQWDGKHUHQFH LVVXHVDUHFRPPRQGXULQJHDUO\
VWDJHV RI WKH LOOQHVV )RU H[DPSOH LQ WKH ¿UVW \HDU RI DQ HDUO\ SV\FKRVLV
SURJUDPPHRISDWLHQWVZHUHIRXQGWREHQRQRULQDGHTXDWHO\DGKHUHQW
&ROGKDPHWDO(QVXULQJRSWLPDOWUHDWPHQWDWWKLVHDUO\VWDJHRIWKH
GLVHDVHVKRXOGLQFUHDVHSURVSHFWVIRULPSURYHPHQWDQGSRWHQWLDOIRUUHPLV
VLRQ RI LOOQHVV7KLV SUHVHQWDWLRQZLOO UHYLHZ WKH UHVXOWV IURP D WZR\HDU
RSHQODEHO FOLQLFDO WULDO RI ORQJDFWLQJ ULVSHULGRQH LQ SDWLHQWVZLWK UHFHQW
RQVHW SV\FKRVLV 5,636<7KH LQWHULP UHVXOWV EDVHGRQ DQ DQDO\VLV RI
RXWFRPHVDIWHUVL[PRQWKVZLOOEHSUHVHQWHGIRFXVLQJRQWKHHI¿FDF\DQG
WROHUDELOLW\RIWKHWUHDWPHQWSUHYHQWLRQRIUHODSVHDQGSDWLHQWVDWLVIDFWLRQ
DQG SHUFHSWLRQV RI WUHDWPHQW ,PSRUWDQWO\ ZHZLOO DOVR VKDUH WKH H[SHUL
HQFHRI WKHFOLQLFLDQVDQGSDWLHQWV LQYROYHGLQ WKHVWXG\ WKHLUSHUFHSWLRQV
RI ORQJDFWLQJPHGLFDWLRQV DQG WKHLU UHDFWLRQV RQ EHLQJ RIIHUHG WKLV QHZ
IRUPXODWLRQRIULVSHULGRQH
5HIHUHQFHV
&ROGKDP(/HWDO$FWD3V\FKLDW6FDQG±
*DHEHO:HWDO%ULWLVK-RXUQDORI3V\FKLDWU\6XSSO±
+DPHUD(.HWDO$UFKLYHVRI3V\FKLDWULF1XUVLQJ±
/LHEHUPDQ-$HWDO-RXUQDORI&OLQLFDO3V\FKLDWU\6XSSO±
5RELQVRQ'HWDO$UFK*HQ3V\FKLDWU\±
:LHUVPD'HWDO6FKL]RSKUHQLD%XOOHWLQ±
:\DWW5-+HQWHU,'-RXUQDORI3V\FKLDWULF5HVHDUFK±
6$
5HFRYHU\D)HDVLEOH*RDOLQ'HSUHVVLRQ7UHDWPHQW
6XSSRUWHGE\DQXQUHVWULFWHGHGXFDWLRQDOJUDQWIURP
/XQGEHFN
6$
&XUUHQW7UHDWPHQW2SWLRQV±5HOLHIRI6\PSWRPVDQG
8OWLPDWH5HFRYHU\
6LGQH\.HQQHG\
8QLYHUVLW\RI7RURQWR&DQDGD
'HSUHVVLRQLVDGLVDEOLQJLOOQHVVDVVRFLDWHGZLWKFRQVLGHUDEOHFRPRUELGLW\
ULVN RI VXLFLGH DQG DGYHUVH VRFLDO FRQVHTXHQFHV 7KH UHSRUWHG OLIHWLPH
3ATELLITE¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
SUHYDOHQFHIRU0DMRU'HSUHVVLYH'LVRUGHU0''LQWKH86LVZLWK
UDWHVXSWRLQZRPHQDQGLQPHQ
$OWKRXJKDQWLGHSUHVVDQWVDUHDPRQJWKHPRVWSUHVFULEHGWKHUDSHXWLFDJHQWV
ZRUOGZLGH UHFHQW UHYLHZV KLJKOLJKW WKH VLJQL¿FDQW QXPEHU RI GHSUHVVHG
SDWLHQWVZKRIDLOWRDFKLHYHDUHVSRQVHDQGWKHHYHQJUHDWHUSHUFHQWDJHZKR
IDLOWRDFKLHYHUHPLVVLRQ
$WWHQWLRQLVLQFUHDVLQJO\IRFXVHGRQWKHQHHGIRUDQWLGHSUHVVDQWGUXJVZLWK
DUDSLGRQVHWRIHIIHFW$QWLGHSUHVVDQWGUXJVW\SLFDOO\UHTXLUHWRZHHNV
EHIRUHDUHVSRQVHGH¿QHGDVDWOHDVWDGHFUHDVHIURPEDVHOLQHLQGH
SUHVVLYHV\PSWRPVWRWKHWUHDWPHQWFDQEHREVHUYHGGXULQJZKLFKWLPHWKH
SDWLHQWUHPDLQVH[SRVHGWRWKHGLVDEOLQJV\PSWRPVRIDQHSLVRGHRI0''
7KH UHODWLRQVKLS EHWZHHQ HDUO\ UHVSRQVH DQG VXEVHTXHQW RXWFRPHZLOO EH
H[DPLQHG
,QDPHWDDQDO\WLFDSSURDFKWKHK\SRWKHVLVKDVEHHQWHVWHGWKDWHVFLWDORSUDP
KDV DW OHDVW DV JRRG HI¿FDF\ LQ WKH WUHDWPHQW RI0'' DV RWKHU DYDLODEOH
DQWLGHSUHVVDQWVXVLQJGDWDIURPUDQGRPLVHGGRXEOHEOLQGFRQWUROOHGVWXG
LHVFRPSDULQJHVFLWDORSUDPZLWKÀXR[HWLQHSDUR[HWLQHVHUWUDOLQHRUYHQOD
ID[LQH;55HVXOWVRIWKLVPHWDDQDO\VLVIRUDOOSDWLHQWVDQGIRUWKHVHYHUH
VXEJURXSZLOOEHSUHVHQWHG
6$
+RZ0D\:H$FKLHYH5HFRYHU\LQ5HDO/LIH"
.RHQ'HP\WWHQDHUH
8=*DVWKXLVEHUJ%HOJLXP
0DNLQJDFRUUHFWGLDJQRVLVSUHVFULELQJDQDGHTXDWHWUHDWPHQWSV\FKRWKHUD
S\RUSKDUPDFRWKHUDS\±DGHTXDWHGRVLQJDQGDGHTXDWHOHQJWKRIWUHDWPHQW
DQGKHOSLQJWKHSDWLHQWWRDFFHSWWKHWUHDWPHQWFRPSOLDQFHDUHDOOQHHGHGLI
ZHZDQWWRDFKLHYHUHFRYHU\LQUHDOOLIH&OLQLFDOWULDOUHVXOWVFDQQRWDOZD\V
EHWUDQVODWHGWRUHDOZRUOGSDWLHQWVVLQFHWKHLUHFRORJLFDOYDOLGLW\LVUDWKHU
SRRU0RUHRYHUµRXWFRPH¶FDQQRWRQO\EHDVVHVVHGZLWKV\PSWRPVFDOHV
DGH¿QLWLRQRIUHFRYHU\VKRXOGQRWRQO\LQFOXGHGHFUHDVHLQQHJDWLYHDIIHFW
EXWDOVRLQFUHDVHLQSRVLWLYHDIIHFWVDVZHOODVPHDVXUHVRILPSDLUPHQWLQUROH
IXQFWLRQLQJTXDOLW\RIOLIHDQGSRVLWLYHDIIHFW
:LWKPRUHDQGPRUHHIIHFWLYHDQGZHOOWROHUDWHGDQWLGHSUHVVDQWVDYDLODEOH
HPSKDVLVVKRXOGPD\EHEHPRUHIRFXVHGRQWKHFRUUHFWGLDJQRVLVRIGHSUHV
VLRQRQµEURDGHU¶RXWFRPHPHDVXUHVDQGRQFRPSOLDQFHZLWKWUHDWPHQW
7KH SHUFHLYHG GRFWRUSDWLHQW UHODWLRQVKLS WKH IHHOLQJ RI SUHVHUYHG DX
WRQRP\ SRVLWLYH EHOLHIV RQ DQWLGHSUHVVDQWV DQG SDUWQHU DJUHHPHQW ZLWK
GLDJQRVLVDQGWUHDWPHQWDUHLPSRUWDQWLVVXHVLQFRPSOLDQFH$GYHUVHHYHQWV
DQGODFNRIHI¿FDF\PRVWIUHTXHQWUHDVRQVIRUGURSRXWLQFOLQLFDOWULDOVGR
DOVRSOD\DUROHWKHWLPHFRXUVHRIDGYHUVHHYHQWVGXULQJORQJWHUPWUHDWPHQW
ZLWKDQWLGHSUHVVDQWVKDVKRZHYHUEHHQLQVXI¿FLHQWO\LQYHVWLJDWHG3URJUDPV
WU\LQJWRLPSURYHDGKHUHQFHLQSDWLHQWVKDYHEHHQUDWKHUGLVDSSRLQWLQJPRVW
SUREDEO\EHFDXVHWKH\ZHUHQRWLQGLYLGXDOO\WDLORUHGWRWKHSDWLHQW¶VEHOLHIV
DQGUHSUHVHQWDWLRQV
6$
7KH,PSRUWDQFHRI/RQJ7HUP7ROHUDELOLW\LQ$FKLHYLQJ
5HFRYHU\
'DYLG%DOGZLQ
&OLQLFDO1HXURVFLHQFH'LYLVLRQ)DFXOW\RI0HGLFLQH8QLYHUVLW\RI
6RXWKKDPSWRQ8.
7KHUH LV LQFUHDVLQJ UHFRJQLWLRQ RI WKH QHHG WR WUHDW SDWLHQWV XQWLO IXOO
UHFRYHU\ LQ ERWKPDMRU GHSUHVVLRQ DQG WKH DQ[LHW\ GLVRUGHUV7KH UHGXF
WLRQRI GHSUHVVLYH DQG DQ[LHW\ V\PSWRPV LV RI SULPDU\ LPSRUWDQFH LQ WKH
DFXWHSKDVHRI WUHDWPHQWEXWUHGXFLQJEXUGHQVRPHVLGHHIIHFWV LVDPDMRU
FRQVLGHUDWLRQLQFRQWLQXHGWUHDWPHQW(YHQUHODWLYHO\PLOGVLGHHIIHFWVPD\
DGYHUVHO\DIIHFWWKHEHQH¿WULVNUDWLRDQGWKHUHE\FRQWULEXWHWRDSUHPDWXUH
GLVFRQWLQXDWLRQRIWUHDWPHQWQHHGHGWRSUHYHQWWKHUHWXUQRIV\PSWRPV
0RVWVLGHHIIHFWVRIHVFLWDORSUDPDQGWKHRWKHUVHOHFWLYHVHURWRQLQUHXSWDNH
LQKLELWRUV DUH W\SLFDOO\ VHHQ DW WKH VWDUW RI WUHDWPHQW DQG XVXDOO\ UHVROYH
DIWHU WKH¿UVWIHZZHHNV+RZHYHUSRWHQWLDOO\GLVWUHVVLQJHIIHFWV WKDWPD\
KDYHEHHQDFFHSWHGLQWKHDFXWHSKDVH±VXFKDVVH[XDOG\VIXQFWLRQFDQ
SURYH LQWROHUDEOH IRU VRPHSDWLHQWVGXULQJ ORQJ WHUP WUHDWPHQW2WKHUDG
YHUVHHIIHFWVWKDWPD\KDYHDVLJQL¿FDQWQHJDWLYHLPSDFWRQZLOOLQJQHVVWR
FRQWLQXH ZLWK ORQJ WHUP WUHDWPHQW LQFOXGH ZHLJKW JDLQ SUREOHPV DULVLQJ
IURPFRPRUELGSK\VLFDOLOOKHDOWKDQGXVHRIFRQFRPLWDQWPHGLFDWLRQVDQG
GLVFRQWLQXDWLRQ V\PSWRPV DIWHU EULHI WUHDWPHQW LQWHUUXSWLRQV$QWLGHSUHV
VDQWVGLIIHULQWKHVHUHVSHFWVODUJHO\GXHWRWKHLUYDU\LQJSKDUPDFRORJLFDO
SURSHUWLHV7KLVSUHVHQWDWLRQZLOOKLJKOLJKWVXFKGLIIHUHQFHVE\UHIHUHQFHWR
WKH FOLQLFDO WULDO GDWDEDVH RI HVFLWDORSUDP DQG FRPSDUDWRU DQWLGHSUHVVDQWV
SDUR[HWLQHDQGYHQODID[LQH;5
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 %DOGZLQ'6 6H[XDO G\VIXQFWLRQ DVVRFLDWHGZLWK DQWLGHSUHVVDQW GUXJV
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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7UHDWPHQWDQG5HFRYHU\"
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&365HVHDUFK&OLQLFDO5HVHDUFK&HQWUH8.
'LVWXUEDQFHVLQVOHHSSDWWHUQVDUHNH\V\PSWRPVLQPDQ\SV\FKLDWULFGLVRU
GHUV7KH\DUHSUHVHQWLQDSSUR[LPDWHO\RISDWLHQWVZLWKPDMRUGHSUHV
VLYH GLVRUGHU ,QVRPQLD DQG VRPQROHQFH DUH DOVR FRPPRQ VLGH HIIHFWV RI
DQWLGHSUHVVDQWV6OHHSGLVWXUEDQFHVDUHRIWHQLQVXI¿FLHQWO\WUHDWHGLQGHSUHV
VLRQDQGPD\EHUHIUDFWRU\WRWUHDWPHQWRIGHSUHVVLRQ6OHHSGLVWXUEDQFHVDV
DUHVLGXDOV\PSWRPDSSHDUVWREHKLJKO\SUHGLFWLYHIRUUHODSVHDQGVKRXOGEH
WKHUHIRUHEHDQHVVHQWLDOSDUWRIWKHWUHDWPHQW
6OHHSSUREOHPVLQGHSUHVVLRQVKRXOGEHWUHDWHGZLWKDQDSSURSULDWHDQWLGH
SUHVVDQW8VLQJWKHVHGDWLYHSURSHUWLHVRIVRPHDJHQWVGRHVQRWVHHPWREH
DSUHIHUUHGRSWLRQ
$SSURSULDWHPDQDJHPHQWRILQVRPQLDLQWKHHOGHUO\GHSUHVVHGSDWLHQWVDOVR
UHTXLUHVDWWHQWLRQWRVOHHSK\JLHQHDGMXVWLQJWKHWLPLQJRIPHDOVPDNLQJ
WKHEHGURRPDSODFHIRUVOHHSRQO\DQGSUHYHQWLQJGD\WLPHQDSVLQFRPEL
QDWLRQZLWKSKDUPDFRORJLFDOPDQDJHPHQW
'LIIHUHQW WUHDWPHQW FRQVLGHUDWLRQV IRU SDWLHQWV ZLWK GHSUHVVLRQ DQG VOHHS
GLVWXUEDQFHVZLOOEHGLVFXVVHG
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0HHWLQJWKH&KDOOHQJHRI/LIHORQJ7UHDWPHQW
$QWLSV\FKRWLFVLQWKH&OLQLFDO6HWWLQJ
6XSSRUWHGE\DQXQUHVWULFWHGHGXFDWLRQDOJUDQWIURP%ULVWRO
0\HUV6TXLEE3KDUPDFHXWLFDOVDQG2WVXND3KDUPDFHXWLFDO
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2SWLPLVLQJ6FKL]RSKUHQLD&DUH7KH1HZ$QWLSV\FKRWLFVLQ
$FXWHDQG0DLQWHQDQFH7KHUDS\
6LHJIULHG.DVSHU
'HSDUWPHQWRI*HQHUDO3V\FKLDWU\0HGLFDO8QLYHUVLW\9LHQQD
$XVWULD
7KH FRXUVH RI VFKL]RSKUHQLD LQFOXGHV DFXWH H[DFHUEDWLRQV DQG SHULRGV RI
SHUVLVWHQWQHJDWLYHV\PSWRPVZKHQPDLQWHQDQFHWUHDWPHQWLVUHTXLUHG7KH
HI¿FDF\RIW\SLFDODQWLSV\FKRWLFVLV OLPLWHGWRWUHDWLQJSRVLWLYHV\PSWRPV
ZKLOHDW\SLFDODJHQWVKDYHDOVRVKRZQVRPHHIIHFW LQDOOHYLDWLQJQHJDWLYH
DQGDIIHFWLYHV\PSWRPV,QWKLVSUHVHQWDWLRQWKHUROHRIWKHQHZDQWLSV\FKRW
LFVLQGHDOLQJZLWKWKHUHTXLUHPHQWVRIERWKORQJDQGVKRUWWHUPHSLVRGHV
ZLOOEHGLVFXVVHGZLWKWKHSUHVHQWDWLRQRIH[WHQVLYHFOLQLFDOWULDOGDWD
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.HHSLQJD/RZ3URILOH6DIHW\7ROHUDELOLW\DQG&RPSOLDQFHLQ
$QWLSV\FKRWLF7KHUDS\
,RQ*HRUJH$QJKHOHVFX
*HUPDQ\
7KHVXFFHVVRIDQDQWLSV\FKRWLFWUHDWPHQWUHOLHVKHDYLO\RQLWVWROHUDELOLW\
DQLPSRUWDQWFRQVLGHUDWLRQIRUSDWLHQWVZLWKVFKL]RSKUHQLD1RQFRPSOLDQFH
GXHWRSRRUWROHUDELOLW\LQVFKL]RSKUHQLDPHGLFDWLRQVFDUULHVDKLJKULVNRI
UHODSVH,QDGGLWLRQWKHUHPD\EHORQJWHUPKHDOWKULVNVZLWKFHUWDLQGUXJV
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,Q WKLVSUHVHQWDWLRQ WKHVDIHW\DQG WROHUDELOLW\SUR¿OHVRI WKHQHZHUDQWLS
V\FKRWLFVZLOOEHGLVFXVVHG LQFRPSDULVRQZLWK W\SLFDODQGROGHUDW\SLFDO
DJHQWV
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$QWLSV\FKRWLFVLQD1DWXUDOLVWLF
6HWWLQJ
+HOHQ0LOODU
8.
&OLQLFDO WULDOV WR HYDOXDWH VFKL]RSKUHQLD PHGLFDWLRQV DUH E\ QHFHVVLW\
EOLQGHGFRQWUROOHGDQGZLWKVWULFWHQWU\FULWHULD7KHVHFRQGLWLRQVPD\QRW
DFFXUDWHO\ UHÀHFW WKRVHPHW LQ WUHDWLQJ VFKL]RSKUHQLD SDWLHQWV LQ WKH UHDO
ZRUOG 7KLV SUHVHQWDWLRQ UHSRUWV RQ WZR ODUJH RSHQODEHO VWXGLHV RI WKH
DQWLSV\FKRWLFDULSLSUD]ROH LQDJHQHUDOSV\FKLDWULFVHWWLQJSURYLGLQJYDOX
DEOH FOLQLFDO LQVLJKW LQWR WKHRXWFRPHV H[SHFWHGZLWK HYHU\GD\XVHRI WKH
PHGLFDWLRQ
6$
(YROXWLRQLQ3KDUPDFRWKHUDS\1HZ6WUDWHJLHVIRU7UHDWLQJ
$FXWH%LSRODU0DQLD
(GXDUG9LHWD
6SDLQ
$OWKRXJK FODVVHG DV DQ DIIHFWLYH GLVRUGHU ELSRODU PDQLD VKDUHV VRPH
IHDWXUHV RI VFKL]RSKUHQLD7KH WZR FRQGLWLRQV KDYH D UDQJH RI V\PSWRPV
LQ FRPPRQ LQFOXGLQJ DQ[LHW\ DJJUHVVLRQ DQG DJLWDWLRQ7KHUHIRUHPDQ\
DQWLSV\FKRWLFWUHDWPHQWVKDYHEHHQWKHVXEMHFWRIFOLQLFDOWULDOVIRUDFXWHEL
SRODUPDQLDDQGPDLQWHQDQFHWKHUDS\7KLVSUHVHQWDWLRQZLOOUHSRUWRQUHFHQW
VWXGLHVRIDW\SLFDODQWLSV\FKRWLFVLQWKHWUHDWPHQWRIDFXWHELSRODUPDQLDDQG
ORQJHUWHUPWKHUDS\IRUWKHSUHYHQWLRQRIUHODSVH
6$
'LDJQRVWLFDQG7KHUDSHXWLF$GYDQFHVLQ$'+'
6XSSRUWHGE\DQXQUHVWULFWHGHGXFDWLRQDOJUDQWIURP
-DQVVHQ&LODJ
6$
$GROHVFHQWDQG<RXQJ$GXOW2XWFRPHLQ0DOHVDQG)HPDOHV
ZLWK$'+'
(ULF0LFN
0DVVDFKXVHWWV*HQHUDO+RVSLWDODQG+DUYDUG0HGLFDO6FKRRO
86$
-RVHSK%LHGHUPDQ0LFKDHO0RQXWHDX[
2EMHFWLYHV7RHVWLPDWHWKHOLIHWLPHEXUGHQRIFRPRUELGSV\FKRSDWKRORJ\
LQDQDWWHQWLRQGH¿FLWK\SHUDFWLYLW\GLVRUGHU$'+'VDPSOHLQDGROHVFHQFH
DQG\RXQJDGXOWKRRG
0HWKRGV :H FRQGXFHG D FDVHFRQWURO WHQ\HDU SURVSHFWLYH IROORZXS
VWXG\RI$'+'LQPDOHVDQGD¿YH\HDUSURVSHFWLYHIROORZXSRI$'+'
LQ IHPDOHV$OO VXEMHFWV ZHUH EOLQGO\ DVVHVVHG ZLWK VWUXFWXUHG GLDJQRVWLF
LQWHUYLHZVDWERWKWKHEDVHOLQHDQGIROORZXSDVVHVVPHQWV
5HVXOWV$WWKHWHQ\HDUIROORZXSDQGRIWKH$'+'
DQGFRQWUROPDOHVUHVSHFWLYHO\ZHUHUHDVVHVVHGDWDPHDQDJHRI\HDUV
$WWKH¿YH\HDUIROORZXS$'+'DQGFRQWUROJLUOV
VHHQ DW EDVHOLQH ZHUH VXFFHVVIXOO\ UHFUXLWHG DW D PHDQ DJH RI  \HDUV
$PRQJ$'+'PDOHV DVVHVVHG DW D\HDU IROORZXS WKH UDWHRI FXUUHQW
LHLQWKHSDVWPRQWKIXOORUVXEWKUHVKROG'60,9$'+'ZDV7KH
FXUUHQW UDWH RI'60,9$'+' LQ WKH DGROHVFHQW VDPSOH RI IHPDOHVZDV
7KH OLIHWLPH SUHYDOHQFH IRU DOO FDWHJRULHV RI SV\FKRSDWKRORJ\ LH
0DMRU 3V\FKRSDWKRORJ\ $QWLVRFLDO 'LVRUGHUV 'HYHORSPHQWDO 'LVRUGHUV
DQG6XEVWDQFH'HSHQGHQFH'LVRUGHUVZDVVLJQL¿FDQWO\JUHDWHU LQ$'+'
DGROHVFHQWVDQG\RXQJDGXOWVRIERWKJHQGHUVFRPSDUHGWRFRQWUROV
&RQFOXVLRQV$'+'\RXWK IROORZHG WKURXJKDGROHVFHQFHDQG LQWR\RXQJ
DGXOWKRRGZHUHDWYHU\KLJKULVNIRUDZLGHUDQJHRIFRPRUELGRXWFRPHVLQ
FOXGLQJPDUNHGO\HOHYDWHGUDWHVRIDQWLVRFLDODQGDGGLFWLYHGLVRUGHUVDVZHOO
DVPRRGDQGDQ[LHW\GLVRUGHUV7KHVHSURVSHFWLYH¿QGLQJVSURYLGHIXUWKHU
HYLGHQFHIRUWKHKLJKPRUELGLW\DVVRFLDWHGZLWK$'+'DQGWKHLPSRUWDQFH
RI HDUO\ UHFRJQLWLRQRI WKLVGLVRUGHU IRUSUHYHQWLRQ DQG HDUO\ LQWHUYHQWLRQ
VWUDWHJLHV
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%HKDYLRXUDO*HQHWLF0HFKDQLVPVLQ$'+'
3KLOLS$VKHUVRQ
,QVWLWXWHRI3V\FKLDWU\.LQJV&ROOHJH/RQGRQ8.
7KH,QWHUQDWLRQDO0XOWL&HQWHU$'+'*HQHWLFV,0$*(3URMHFWLVDPDMRU
LQLWLDWLYHGHVLJQHGWRFUHDWHDFOLQLFDODQG'1$UHVRXUFHIRUQRZDQGIXWXUH
VWXG\WR¿QGWKHJHQHVDVVRFLDWHGZLWKDQLQFUHDVHGULVNIRU$'+',0$*(
LVDQLQWHUQDWLRQDOSURMHFWZKLFKLQFOXGHVWHQ(XURSHDQFHQWUHVLQWKH8.
,UHODQG+ROODQG*HUPDQ\6SDLQ6ZLW]HUODQGDQG,VUDHO'XULQJWKH¿UVW
SKDVHRIWKHSURMHFWEHJXQLQDQGODVWLQJ¿YH\HDUV'1$DQGFOLQLFDO
GDWDZLOOEHJDWKHUHGIURPVFKRRODJHGFKLOGUHQZLWK$'+'DVZHOO
DVIURPWKHLUVLEOLQJVDQGSDUHQWV$WWKHVDPHWLPHDVHDUFKRIWKHKXPDQ
JHQRPHZLOOEHFRQGXFWHG WR LGHQWLI\JHQHV WKDWDUH OLQNHG WR$'+'DQG
IRUDVVRFLDWLRQVZLWKIXQFWLRQDOO\VLJQL¿FDQWYDULDWLRQVRIFDQGLGDWHJHQHV
IRU$'+'HJ'$7'5'61$3*HQHHIIHFWVDUHH[SHFWHGWREH
VPDOO UHTXLULQJ ODUJHDQGUHOLDEO\DVFHUWDLQHGVDPSOHV IRU WKHLUGHWHFWLRQ
:HWKHUHIRUHSURSRVHWRFROOHFWSUREDQGVDQGPDWFKHGFRQWUROVDVZHOO
DVSDUHQWDOVDPSOHVWRDYRLGWKHSUREOHPRIHWKQLFVWUDWL¿FDWLRQLQFDVHFRQ
WUROVWXGLHV3UHOLPLQDU\UHVXOWVZLOOEHSUHVHQWHGDQGGLVFXVVHG
6$
$3KDUPDFRLPDJLQJ3(76WXG\LQ$'+'
7KRPDV6SHQFHU
+DUYDUG0HGLFDO6FKRRO86$
-RVHSK%LHGHUPDQ3DWULFN&LFFRQH%HUWKD0DGUDV
'DULQ'RXJKHUW\$OL%RQDE(OLMDKX/LYQL$ODQ)LVFKPDQ
2EMHFWLYHV ,W KDV EHHQ K\SRWKHVL]HG WKDW WKH DEXVH SRWHQWLDO RIPHWK\O
SKHQLGDWH 03+ LVGXH WR WKH UDSLGRQVHWRIEORFNDGHRI WKHSUHV\QDSWLF
GRSDPLQHWUDQVSRUWHU'$7LQWKHEUDLQ6LQFHORQJDFWLQJIRUPXODWLRQVRI
03+KDYHDPRUHJUDGXDOULVHRISODVPD03+FRQFHQWUDWLRQWKDQLPPHGL
DWHUHOHDVH,503+ LW LVK\SRWKHVL]HG WKDW WKH\ZLOODOVRKDYHDVORZHU
RQVHWRIEORFNDGHRIWKHSUHV\QDSWLF'$7DQGDORZHUULVNIRUGHWHFWLRQDQG
OLNHDELOLW\
0HWKRGVKHDOWK\DGXOWVZHUHUDQGRPL]HGWRUHFHLYHVLQJOHGRVHVRI,5
03+RU252603+'RVHVSUHGLFWHGWRSURGXFHHTXLYDOHQW&PD[YDOXHV
ZHUHVHOHFWHGPJ,503+PJ252603+3ODVPDG03+OHYHOV
DQGGHWHFWLRQOLNHDELOLW\TXHVWLRQQDLUHVZHUHREWDLQHGKRXUO\IRUKRXUV
WZLFHIRUHDFKVXEMHFW'$7RFFXSDQFLHVZHUHPHDVXUHGDWKRXUVDQG
XVLQJ&DOWURSDQHDQGSRVLWURQHPLVVLRQWRPRJUDSK\3(7
5HVXOWV'HVSLWHVLPLODU&PD[IRUERWKIRUPXODWLRQVWUHDWPHQWZLWK2526
03+ZDVDVVRFLDWHGZLWKDJUHDWHU7PD[D ODWHU WLPH WRPD[LPXP&16
'$7RFFXSDQF\DQGQRGHWHFWLRQOLNHDELOLW\FRPSDUHGZLWK,503+
&RQFOXVLRQV)LQGLQJVLQGLFDWHWKDWWKHDEXVHOLDELOLW\ULVNRIRUDO03+LV
VWURQJO\LQÀXHQFHGE\WKHUDWHRIGHOLYHU\DQGQRWVROH\WKHPDJQLWXGHRI
SODVPDFRQFHQWUDWLRQRUEUDLQWUDQVSRUWHURFFXSDQF\7KHVHUHVXOWVDGYDQFH
RXUXQGHUVWDQGLQJRIWKHXQGHUO\LQJFHQWUDOHIIHFWVRI03+LQKXPDQVDQG
LGHQWLI\DSRWHQWLDOO\OHVVDEXVDEOH03+IRUPXODWLRQ
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7KRPDV6SHQFHU(ULF0LFN
%DFNJURXQG 7KH IHZ FRQWUROOHG VWXGLHV RI PHWK\OSKHQLGDWH 03+ LQ
DGXOWVZLWK DWWHQWLRQGH¿FLWK\SHUDFWLYLW\GLVRUGHU $'+'KDYH UHSRUWHG
HTXLYRFDOUHVXOWV$SUHYLRXVSLORWVWXG\E\RXUJURXSVXJJHVWHGWKDWWKHVH
UHVXOWV ZHUH GXH WR LQDGHTXDWH GRVLQJ:H FRQGXFWHG SDUDOOHO VWXGLHV WR
HYDOXDWHWKHVDIHW\DQGHI¿FDF\RIRQFHGDLO\252603+DQG03+LQWKH
WUHDWPHQWRIDGXOWVZLWK$'+'
0HWKRGV:HFRQGXFWHGDUDQGRPL]HGVL[ZHHNSODFHERFRQWUROOHGSDUDO
OHOVWXG\RI03+LQDGXOWSDWLHQWVZLWK'60,9$'+'DQGRI2526
03+LQDGXOWVZLWK'60,9$'+':HHPSOR\HGVWDQGDUGL]HGLQVWUX
PHQWVIRUGLDJQRVLVVHSDUDWHDVVHVVPHQWVRI$'+'GHSUHVVLYHDQGDQ[LHW\
V\PSWRPVDQGDUREXVWDYHUDJHRUDOGDLO\GRVHVRIXSWRPJNJGD\
5HVXOWV:HIRXQGDPDUNHGWKHUDSHXWLFUHVSRQVHIRUWKH03+WUHDWPHQWRI
$'+'V\PSWRPVWKDWH[FHHGHGWKHSODFHERUHVSRQVHYV6LPL
ODUO\UREXVWFOLQLFDOLPSURYHPHQWZDVREVHUYHGLQWKHVWXG\RI252603+
YV7UHDWPHQWLQERWKVWXGLHVZDVVDIHDQGZHOOWROHUDWHG
&RQFOXVLRQV7KHVHUHVXOWVFRQ¿UPWKDWUREXVWGRVHVRI03+DQG2526
03+DUHHIIHFWLYHLQWKHWUHDWPHQWRIDGXOW$'+'
6$
%ULGJLQJWKH*DSEHWZHHQ6FKL]RSKUHQLDDQG0RRG
'LVRUGHUV
6XSSRUWHGE\DQXQUHVWULFWHGHGXFDWLRQDOJUDQWIURP
3¿]HU
6$
*HQHWLF1HXURDQDWRPLFDODQG%LRORJLFDO%DVLVRI3V\FKLDWULF
'LVRUGHUV
7KRPDV6FKODHSIHU
'HSDUWPHQWRI3V\FKLDWU\DQG3V\FKRWKHUDS\8QLYHUVLW\RI%RQQ
*HUPDQ\
2EMHFWLYHV6FLHQWL¿FUHYLHZGHWDLOLQJWKHELRORJLFDOVLPLODULWLHVDQGGLIIHU
HQFHVEHWZHHQVFKL]RSKUHQLDELSRODUGLVRUGHUDQGRWKHUPRRGGLVRUGHUV
5HVXOWV 5HVHDUFK RYHU WKH SDVW  \HDUV KDV FOHDUO\ GHPRQVWUDWHG WKDW
SV\FKLDWULFLOOQHVVUHVXOWVIURPDFRPSOH[LQWHUSOD\EHWZHHQHQYLURQPHQWDO
DQG JHQHWLF IDFWRUV 0XOWLSOH ELRFKHPLFDO JHQHWLF DQG QHXURDQDWRPLFDO
DEQRUPDOLWLHV KDYH EHHQ LGHQWL¿HG LQ DOO WKHPDMRU SV\FKLDWULF GLVRUGHUV
LQFOXGLQJ VFKL]RSKUHQLD ELSRODU GLVRUGHU GHSUHVVLRQ DQ[LHW\ DQG RWKHU
PRRG GLVRUGHUV:KLOH WKHVH GLVRUGHUV H[KLELW YDULDEOH FOLQLFDO V\PSWRP
FRPSOH[HVUHVHDUFKKDVLQGLFDWHGWKDWWKH\VKDUHFRQVLGHUDEOHVLPLODULWLHV
LQ WKHLU QHXURDQDWRPLFDO JHQHWLF DQGELRFKHPLFDO FDXVHVRIG\VIXQFWLRQ
)RU H[DPSOH DEQRUPDOLWLHV LQ GRSDPLQH VHURWRQLQ DQG QRUHSLQHSKULQH
KDYH EHHQ REVHUYHG LQPRRGGLVRUGHUV DQG SV\FKRVLV DQG OLQNDJH VWXGLHV
KDYHGHPRQVWUDWHGVKDUHGJHQHWLFDEQRUPDOLWLHVEHWZHHQVFKL]RSKUHQLDDQG
ELSRODUGLVRUGHU7KHIDFWWKDWDW\SLFDODQWLSV\FKRWLFVDOVRWDUJHWDQXPEHU
RIWKHVHGLIIHUHQWUHFHSWRUVPD\H[SODLQWKHLUZLGHXWLOLW\LQWKHVHGLVRUGHUV
6XFK ¿QGLQJV VXJJHVW WKDW SV\FKLDWULF GLVHDVH UHSUHVHQWV D FRQWLQXXP RI
JHQHWLFELRFKHPLFDODQGQHXURDQDWRPLFDODEQRUPDOLWLHVZLWKYDULDWLRQVLQ
WKHVHEHLQJSDUWO\UHVSRQVLEOHIRUWKHFOLQLFDOV\PSWRPDWRORJ\
&RQFOXVLRQV 6FKL]RSKUHQLD ELSRODU GLVRUGHU GHSUHVVLRQ DQ[LHW\ DQG
RWKHUPRRGGLVRUGHUVKDYHVLJQL¿FDQWELRFKHPLFDODQGJHQHWLFRYHUODS7KH
FRPPRQG\VIXQFWLRQVVHHQLQWKHVHGLVRUGHUVRIIHUDQRSSRUWXQLW\IRUWKHUD
SHXWLFDJHQWVVXFKDVDW\SLFDODQWLSV\FKRWLFVWKDWLPSDFWRQWKHLUFRPPRQ
SDWKZD\VDQGPD\EHXVHGWRWUHDWDYDULHW\RISV\FKLDWULFLOOQHVVHV
5HIHUHQFHV
%UDPRQ(6KDP3&7KHFRPPRQJHQHWLFOLDELOLW\EHWZHHQVFKL]
RSKUHQLDDQGELSRODUGLVRUGHUDUHYLHZ&XUU3V\FKLDWU\5HS
%HUUHWWLQL:+$UHVFKL]RSKUHQLFDQGELSRODUGLVRUGHUVUHODWHG"$
UHYLHZRIIDPLO\DQGPROHFXODUVWXGLHV%LRO3V\FKLDWU\
6$
6FKL]RSKUHQLD%LSRODU'LVRUGHUDQG0RRG'LVRUGHU
6\PSWRPDWRORJ\
5HQp.DKQ
'HSDUWPHQWRI3V\FKLDWU\5XGROSK0DJQXV,QVWLWXWH8QLYHUVLW\
0HGLFDO&HQWUH8WUHFKW7KH1HWKHUODQGV
2EMHFWLYHV 5HYLHZ WKH VLPLODULWLHV DQG GLIIHUHQFHV EHWZHHQ WKH FOLQLFDO
V\PSWRPDWRORJ\ RI VFKL]RSKUHQLD ELSRODU GLVRUGHU GHSUHVVLRQ DQ[LHW\
DQGRWKHUPRRGGLVRUGHUVDQGLQYHVWLJDWHWKHLPSDFWRIFOLQLFDORYHUODSIRU
SKDUPDFRWKHUDS\
5HVXOWV'HSUHVVLRQ DQ[LHW\ DQG FRJQLWLYH G\VIXQFWLRQ DUH FRPPRQ IHD
WXUHVRIWKHYDULRXVGLIIHUHQWSV\FKLDWULFGLVRUGHUV7KLVFOLQLFDORYHUODSFDQ
RIWHQSUHVHQWDFKDOOHQJHWRWKHSV\FKLDWULVWLQGLIIHUHQWLDWLQJRQHSV\FKLDWULF
GLVRUGHUIURPDQRWKHUELSRODUGLVRUGHUVFKL]RSKUHQLDDQGPRRGGLVRUGHUV
RIWHQGLVSOD\YDULDEOHGHJUHHVRIGHSUHVVLRQDQ[LHW\DQGFRJQLWLYHG\VIXQF
WLRQ7KHUHLVDQHPHUJLQJERG\RIOLWHUDWXUHVXJJHVWLQJWKDWPXFKRIWKLV
FOLQLFDORYHUODSPD\UHVXOWIURPVKDUHGJHQHWLFDEQRUPDOLWLHVDQGELRFKHPL
FDOLPEDODQFHVFRPPRQWRWKHVHGLVHDVHVWDWHV,QGHHGWKHUHLVVXSSRUWIRU
WKH YLHZ WKDW ELSRODU GLVRUGHU DQG VFKL]RSKUHQLD DUH QRW GLVWLQFW GLVHDVH
HQWLWLHVEXW UDWKHU UHSUHVHQWDFRQWLQXXPRISV\FKLDWULFGLVHDVHDFRQFHSW
NQRZQDVWKHELSRODUFRQWLQXXPWKHRU\5HFRJQLWLRQRIWKLVFOLQLFDORYHUODS
KDV SURIRXQG LPSOLFDWLRQV IRU SV\FKLDWULF SKDUPDFRWKHUDS\ )RU H[DPSOH
DW\SLFDO DQWLSV\FKRWLFV DUH EHLQJ XVHG WR VXFFHVVIXOO\ DOOHYLDWH V\PSWRPV
FRPPRQWRVHYHUDOSV\FKLDWULFGLVRUGHUVVXFKDVVFKL]RSKUHQLDDQGELSRODU
GLVRUGHU
&RQFOXVLRQV (YLGHQFH VXJJHVWV WKDW WKH FOLQLFDO V\PSWRPDWRORJ\ RI
SV\FKLDWULFGLVHDVH LV LQÀXHQFHGE\JHQHWLF DVZHOO DV HQYLURQPHQWDO IDF
WRUV$W\SLFDODQWLSV\FKRWLFVZKLFKPRGXODWHWKHVHURWRQLQGRSDPLQHDQG
QRUHSLQHSKULQHV\VWHPVDUHEHLQJXVHGWRVXFFHVVIXOO\DOOHYLDWHV\PSWRPV
FRPPRQWRVHYHUDOSV\FKLDWULFGLVRUGHUV
5HIHUHQFHV
 0LWFKHOO 3% 0DOKL *6  %LSRODU GHSUHVVLRQ SKHQRPHQRORJLFDO
RYHUYLHZDQGFOLQLFDOFKDUDFWHULVWLFV%LSRODU'LVRUG
0ROOHU+-%LSRODUGLVRUGHUDQGVFKL]RSKUHQLDGLVWLQFWLOOQHVVHVRU
DFRQWLQXXP"-&OLQ3V\FKLDWU\6XSSO
6$
$GYDQFHVLQWKH7UHDWPHQWRI3V\FKLDWULF'LVRUGHUV
&KDUOHV1HPHURII
'HSDUWPHQWRI3V\FKLDWU\DQG%HKDYLRUDO6FLHQFHV(PRU\
8QLYHUVLW\6FKRRORI0HGLFLQH$WODQWD*$86$
2EMHFWLYHV5HYLHZ WKHPRVW UHFHQW DGYDQFHV LQ WKH WUHDWPHQW RI VFKL]R
SKUHQLDDQGELSRODUGLVRUGHU
5HVXOWV 6LQFH WKHLU LQWURGXFWLRQ DW\SLFDO DQWLSV\FKRWLFV KDYH VKRZQ DG
YDQWDJHVRYHUSUHYLRXVO\DYDLODEOH WUHDWPHQWVVXFKDV OLWKLXPDQG W\SLFDO
DQWLSV\FKRWLFV7KHVHDGYDQWDJHVDUHPRVWHYLGHQW LQ WKHVDIHW\DQG WROHU
DELOLW\SUR¿OHVRIWKHVHGUXJV7KHVHQHZHUPHGLFDWLRQVDOORZSV\FKLDWULVWV
WR WUHDW WKH IXOO VSHFWUXPRI VFKL]RSKUHQLDZKLFK LQDGGLWLRQ WRSRVLWLYH
V\PSWRPV DOVR LQFOXGHV QHJDWLYH V\PSWRPV GHSUHVVLRQ FRJQLWLYH G\V
IXQFWLRQ DQG HIIHFWV RQ TXDOLW\ RI OLIH 5HFHQW GDWD DOVR GHPRQVWUDWH WKH
LPSRUWDQFHRIQHZHUDW\SLFDODQWLSV\FKRWLFVLQWKHPDQDJHPHQWRIELSRODU
GLVRUGHU LQ ERWK WKH DFXWH DQG ORQJWHUP WUHDWPHQW RIPDQLD GHSUHVVLRQ
DQGDQ[LHW\DQGSURYLGHWKHSV\FKLDWULVWZLWKEHWWHUWROHUDELOLW\SUR¿OHVDQG
PLQLPDOPHWDEROLFVLGHHIIHFWVPLQLPDOZHLJKWJDLQORZULVNRIGHYHORS
LQJGLDEHWHVQRHOHYDWLRQRISURODFWLQDQGPLQLPDOHIIHFWVRQOLSLGSUR¿OH
:KHQFRPELQHGZLWKDJHQWVRIRWKHUFODVVHVDW\SLFDODQWLSV\FKRWLFGUXJV
LQFUHDVHUHVSRQVHDQGUHPLVVLRQUDWHVLQSDWLHQWVZLWKELSRODUGLVRUGHURWKHU
PRRGGLVRUGHUVDQGSHUKDSVVFKL]RSKUHQLD
&RQFOXVLRQV 7KH DW\SLFDO DQWLSV\FKRWLFV KDYH VLJQL¿FDQWO\ DOWHUHG WKH
WUHDWPHQW RI VHYHUH SV\FKLDWULF GLVRUGHUV 1RW RQO\ GR WKHVH DJHQWV RIIHU
LPSURYHGVLGHHIIHFWSUR¿OHVEXWWKH\DSSHDUWRDOVRWUHDWDUDQJHRIV\PS
WRPV*LYHQWKHLPSDFWRIWKHVHQHZDW\SLFDODQWLSV\FKRWLFVRQWKHWUHDWPHQW
RISV\FKLDWULFGLVRUGHUVSV\FKLDWULVWVVKRXOGH[SHFWDQHZVWDQGDUGRIFDUH
IRUWUHDWPHQW
5HIHUHQFHV
+LUVFK65 HW DO $ZHHN FRPSDULVRQ RI ]LSUDVLGRQH DQGKD
ORSHULGRO LQ RXWSDWLHQWV ZLWK VWDEOH VFKL]RSKUHQLD - &OLQ 3V\FKLDWU\ 

3ATELLITE¬3YMPOSIA

7KH:RUOG-RXUQDORI%LRORJLFDO3V\FKLDWU\6XSSOHPHQW
<DWKDP /1 HW DO $FXWH DQG PDLQWHQDQFH WUHDWPHQW RI ELSRODU
PDQLDWKHUROHRIDW\SLFDODQWLSV\FKRWLFV%LSRODU'LVRUGVXSSO
6$
,QWHJUDWHG$SSURDFKWR3DQLF'LVRUGHUDQG0DMRU
'HSUHVVLRQ)URP0HFKDQLVPVWR7UHDWPHQWV
6XSSRUWHGE\DQXQUHVWULFWHGHGXFDWLRQDOJUDQWIURP
:\HWK3KDUPDFHXWLFDOV
6$
3DQLF'LVRUGHU$FXWHDQG/RQJWHUP7UHDWPHQW2SWLRQV
0DUN3ROODFN
0DVVDFKXVHWWV*HQHUDO+RVSLWDO86$
2EMHFWLYHV7REHIDPLOLDUZLWKWKHFXUUHQWSKDUPDFRORJLFDQGSV\FKRVRFLDO
WKHUDSLHVIRUWKHWUHDWPHQWRISDQLFGLVRUGHUDQGIRUWKHLUXVHLQERWKDFXWH
DQGORQJWHUPWKHUDS\
0HWKRGV ,Q WKLV SUHVHQWDWLRQ ZH ZLOO H[DPLQH WKH HYLGHQFH VXSSRUWLQJ
WKH XVH RI YDULRXV GUXJ FODVVHV IRU WKH DFXWH WUHDWPHQW RI SDQLF GLVRUGHU
DQGLWVDVVRFLDWHGV\PSWRPVDQGGLVFXVVWKHXWLOL]DWLRQRIVXFKWKHUDSHXWLF
RSWLRQVLQORQJWHUPWUHDWPHQWZLWKWKHJRDORIWUHDWPHQWJDLQVDQGUHODSVH
SUHYHQWLRQ
5HVXOWV DQG &RQFOXVLRQV$ YDULHW\ RI SKDUPDFRORJLF DQG SV\FKRVRFLDO
WKHUDSLHV KDYH GHPRQVWUDWHG HI¿FDF\ IRU WKH WUHDWPHQW RI SDQLF GLVRUGHU
3UDFWLFDO FRQVLGHUDWLRQV IRU DGPLQLVWUDWLRQ RI YDULRXV SKDUPDFRORJLF DQG
SV\FKRWKHUDSHXWLFLQWHUYHQWLRQVXVHGLQWKHWUHDWPHQWRISDQLFGLVRUGHUZLOO
EH UHYLHZHG VWUDWHJLHV IRU WKHRSWLPDO LQWHJUDWLRQRI FRPELQHG WKHUDSLHV
ZKHUH DSSURSULDWH DOVR ZLOO EH GLVFXVVHG ,Q DGGLWLRQ WKLV SUHVHQWDWLRQ
ZLOOH[DPLQHSUHVHQWVWUDWHJLHVWRLPSURYHRXWFRPHVIRUSDWLHQWVUHPDLQLQJ
V\PSWRPDWLFGHVSLWHLQLWLDOWUHDWPHQWHIIRUWV
5HIHUHQFHV
$PHULFDQ3V\FKRORJLFDO$VVRFLDWLRQ3UDFWLFH*XLGHOLQHIRUWKH7UHDWPHQW
RI3DWLHQWV:LWK3DQLF'LVRUGHU$P-3V\FKLDWU\VXSSO
%DQGHORZ%=RKDU-+ROODQGHU(HWDO:RUOG)HGHUDWLRQRI6RFLHWLHVRI
%LRORJLFDO3V\FKLDWU\:)6%3JXLGHOLQHVIRUWKHSKDUPDFRORJLFWUHDWPHQW
RIDQ[LHW\REVHVVLYHFRPSXOVLYHDQGSRVWWUDXPDWLFVWUHVVGLVRUGHUV:RUOG
-%LRO3V\FKLDWU\
/DQGRQ70%DUORZ'+&RJQLWLYHEHKDYLRUDO7UHDWPHQWIRU3DQLF'LVRU
GHU&XUUHQW6WDWXV-3V\FKLDWULF3UDFWLFH
6$
7RZDUG8QGHUVWDQGLQJWKH*HQHWLFVRI3DQLF'LVRUGHU
3DWULFH%R\HU
8QLYHUVLW\RI2WWDZD&DQDGD
2EMHFWLYHV7RKDYHDQXQGHUVWDQGLQJRIWKHSRWHQWLDOJHQHWLFEDVLVRISDQLF
GLVRUGHU
0HWKRGV ,Q WKLV SUHVHQWDWLRQ UHFHQW GHYHORSPHQWV UHODWHG WR WKHJHQHWLF
HWLRORJ\RISDQLFGLVRUGHUZLOOEHUHYLHZHGLPSOLFDWLRQVRIJHQHWLFUHVHDUFK
IRUFOLQLFDOSV\FKLDWU\DOVRZLOOEHGLVFXVVHG
5HVXOWV)LQGLQJV IURP IDPLO\ DQG WZLQ VWXGLHVKDYH LQGLFDWHG WKDW SDQLF
GLVRUGHULVIDPLOLDODQGPRGHUDWHO\KHULWDEOH5HFHQWO\FRPSOHPHQWDU\OLQHV
RIUHVHDUFKKDYHDGYDQFHGWKHXQGHUVWDQGLQJRI WKHJHQHWLFEDVLVRISDQLF
DQG UHODWHGDQ[LHW\GLVRUGHUV)LUVWPROHFXODUJHQHWLF VWXGLHVKDYHEHJXQ
WRLGHQWLI\VSHFL¿FJHQRPLFUHJLRQVDQGJHQHVWKDWPD\EHDVVRFLDWHGZLWK
SDQLFGLVRUGHU5HVHDUFKLVRQJRLQJWRZDUGWKHGHYHORSPHQWRIEHWWHUSKH
QRW\SHGH¿QLWLRQVIRUJHQHWLFVWXGLHV6SHFL¿FDOO\UHFHQWHYLGHQFHVXJJHVWV
WKDW KHULWDEOH IRUPV RI DQ[LRXV WHPSHUDPHQW DQG DQ[LHW\SURQHQHVV PD\
SURYLGHLQVLJKWVLQWRWKHJHQHWLFVRISDQLFGLVRUGHU2QHVWXG\VXJJHVWVWKDW
WULQXFOHRWLGHUHSHDWVHTXHQFHVPD\DFFRXQWIRUIDPLOLDODJJUHJDWLRQRISDQLF
GLVRUGHU)XUWKHUERWKFOLQLFDODQGJHQHWLFVWXGLHVVXJJHVWWKDWJHQHWLFGH
WHUPLQDQWVRISDQLFGLVRUGHUSHUKDSVRYHUODSZLWKWKRVHRIRWKHUSV\FKLDWULF
DQGPHGLFDOFRQGLWLRQV&RPPRQPHFKDQLVPVPD\H[LVWDPRQJDQ[LHW\DQG
SHUVRQDOLW\GLVRUGHUVGUXJDQGDOFRKROGHSHQGHQFHDQGPRRGGLVRUGHUV
&RQFOXVLRQV $ FOHDUHU XQGHUVWDQGLQJ RI WKH JHQHWLFV UHODWHG WR DQ[LHW\
GLVRUGHUVPD\OHDGWRQRYHOWUHDWPHQWVWUDWHJLHVDQGPD\SURYLGHDGGLWLRQDO
LQVLJKWLQWRERWKWKHQDWXUHDQGFODVVL¿FDWLRQRIDQ[LHW\GLVRUGHUV
5HIHUHQFHV
%DWWDJOLD0%HUWHOOD6%DMR6%LQDJKL)%HOORGL/$QWLFLSDWLRQRIDJHRI
RQVHWLQSDQLFGLVRUGHU$P-3V\FKLDWU\
1XUQEHUJHU-O -U:LHJDQG5%XFKRO].HWDO$IDPLO\VWXG\RIDOFRKRO
GHSHQGHQFHFRDJJUHJDWLRQRIPXOWLSOHGLVRUGHUVLQUHODWLYHVRIDOFRKROGH
SHQGHQWSUREDQGV$UFK*HQ3V\FKLDWU\
YDQGHQ+HXYHO2$YDQGH:HWHULQJ%-09HOWPDQ'-HWDO*HQHWLFVWXG
LHVRISDQLFGLVRUGHU$UHYLHZ-&OLQ3V\FKLDWU\
YDQ:HVW'&ODHV67KHJHQHWLFVRISDQLFGLVRUGHUVWDWHRIWKHDUW$FWD
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+DUYDUG0HGLFDO6FKRRO0DVVDFKXVHWWV*HQHUDO+RVSLWDO86$
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&RQFOXVLRQV:LWKWKHFXUUHQWWHQGHQFLHVLQELRORJLFDOSV\FKLDWU\WRHGXFDWH
RXUVHOYHVDERXWWKHUROHRIQHXURFKHPLVWU\LQSV\FKLDWULFGLVRUGHUVZHWHQG
WR LJQRUH WKHVXEVWUDWHXSRQZKLFK WKHQHXURWUDQVPLWWHUVDFW0DQ\RI WKH
QHXURWUDQVPLWWHUV DUH IRXQG WKURXJKRXW WKH &16 DQGPD\ VHUYHPXOWLSOH
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